
PHD THESIS DANISH MEDICAL BULLETIN 

 DANISH MEDICAL BULLETIN   1 

 

 
This review has been accepted as a thesis together with 3 previously published 

papers by University of Copenhagen November 23rd 2009 and defended on March 

22nd 2010. 

 

Tutors: Mogens H. Claesson, Hans Jørgen Nielsen and Jacob Rosenberg. 

 

Official opponents: Ferdinando Nicoletti, Frede Donskov and Mogens H. Nissen. 

  

Correspondence: Department of Surgical Gastroenterology, Herlev Hospital, Herlev 

Ringvej 75, 2730 Herlev, Denmark. 

  

E-mail: stefan@stefanburgdorf.dk 

 

 
Dan Med Bull 2010;57: B4171 

 

THE 3 ORIGINAL PAPERS ARE 

1. Burgdorf SK, Fischer A, Claesson MH, Kirkin AF, Dzhandz-

hugazyan KN, Rosenberg J. Vaccination with melanoma lys-

ate-pulsed dendritic cells, of patients with advanced colorec-

tal carcinoma: report from a phase I study. J Exp Clin Cancer 

Res 2006; 25:201-6. 

 

2. Burgdorf SK, Fischer A, Myschetzky PS, Munksgaard SB, 

Zocca MB, Claesson MH, Rosenberg J. Clinical responses in 

patients with advanced colorectal cancer to a dendritic cell 

based vaccine. Oncol Rep 2008; 20:1305-11. 

 

3. Burgdorf SK, Claesson MH, Nielsen HJ, Rosenberg J. Changes 

in cytokine and biomarker blood levels in patients with colo-

rectal cancer during dendritic cell-based vaccination. Acta 

Oncol 2009; 48:1157-64. 

INTRODUCTION 

Colorectal cancer 

Colorectal cancer (CRC) is one of the leading causes of death 

related to cancer in the Western World [1]. The incidence of new 

cases of colorectal cancer per year in Denmark alone is more than 

4.300 [2]. This is the second highest incidence of cancer in Den-

mark, in men only exceeded by prostate cancer, and in women 

only exceeded by breast cancer [2]. Many of the patients with 

colorectal cancer will develop advanced disease, primarily with 

metastases in liver- and lungs, and the median survival time for 

these patients is between six and nine months without treatment. 

In Denmark patients with stage III and IV disease are offered 

systemic chemotherapy. Addition of bevacizumab to the standard 

first-line regimens FOLFOX (5-FU/LV with oxaliplatin) and FOLFIRI 

(5-FU/LV with irinotecan) for metastatic CRC has resulted in a life-

prolonging effect with a median survival around 20 months [3]. 

For many years, the 3 major treatment modalities, surgery, radio-

therapy and chemotherapy have been the only standardized 

treatment options and surgery has been considered, and is still 

considered, the only curative treatment. Radiotherapy has espe-

cially been used in rectal cancer and is effective in down staging 

the tumor and making it eligible for curative surgery. Chemother-

apy has evolved during the last years and apart from 5-FU there 

are now more active chemotherapy agents available and newer 

approaches like regional chemotherapy for liver metastases have 

been tested, but the prognosis for advanced colorectal cancer is 

still poor [3]. Advanced disease without possibility for radical 

surgery is considered fatal and second and third line chemother-

apy or the newer biological therapies have not produced high 

response rates and have not shown impressive survival benefits. 

Many of the potentially life prolonging oncological treatment 

modalities are in many cases complicated by adverse effects and 

poor quality of life [3-7]. Development of new and even more 

effective and less toxic treatment options are therefore of major 

importance, especially for the patients with cancers that are 

resistant to conventional chemotherapeutics.  

 

Immunotherapy 

The theory of immune surveillance was first postulated by Burnet 

and Thomas in the 1950s [8-10]. Immune surveillance in cancer is 

the ability of the immune system to detect transformed cells and 

eradicate these via immunologically processes. The hypothesis 

was that T-cells recognised changes on the surface of the trans-

formed cells. This theory was, partly because studies in the 1970s 

showed that athymic mice did not evolve cancer [11,12], contro-

versial, but widely accepted after studies in the 1990s showed 

that IFN-γ and IFN-γ receptor knockout mice evolved more tu-

mors than wildtype mice [13,14] and that patients in immuno-

suppressive therapy presented with higher incidences of tumors 

[15,16]. Finally and most important, the discovery of TA and the 

finding of immune responses against tumors in patients with 

cancer have confirmed the theory of immune surveillance [9].  
   Immunotherapy is often divided into three distinctive 

subgroups: non-specific, passive, and active specific immunother-

apy [17] (Figure 1). Initially immunotherapy was non-specific but 

as the knowledge about immune-competences improved and 

especially with the discovery of TA, immunotherapy has evolved 

to a more specific and active treatment. The DC was discovered in 

1973 by Steinman and Cohn [18]. This discovery has resulted in 

the ability to manipulate immune responses and direct them in 

certain manners. DCs can be cultured and primed in vitro and 

pulsed with antigens specific for the patient’s tumor.  

Dendritic cell vaccination of patients with metas-
tatic colorectal cancer 
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Figure 1  

Immunotherapy in colorectal cancer can be divided into the fol-

lowing subgroups: non-specific, passive and active specific. 
CRC = colorectal cancer, DC = dendritic cell 

 

Non specific immunotherapy 

Agents such as cytokines and interferons can stimulate parts of 

the immune competences. Various cells of the immune systems 

like macrophages and NK cells may also be stimulated by a variety 

of agents. William Coley’s toxin, which had an immune stimula-

tory effect via activation of TLR 4, was especially used in the 

treatment of sarcoma. Treatment with Coley’s vaccine resulted in 

a cure rate of more than 10% [19]. The most studied non-specific 

immune stimulant is probably BCG, which in a non-specific way 

activates parts of the immune system. The immune stimulatory 

effect of BCG does also happen via TLR 4 [20]. BCG is still being 

used as a standard treatment for certain bladder cancers [21,22]. 

In many cases the non-specific treatment of cancer was associ-

ated with intolerable toxicity and limited efficacy. As a conse-

quence, research has been carried out intending to explore the 

mechanisms for bacterial infections leading to immune stimula-

tion. Numerous studies have investigated the effects of bacterial 

components or genetically modified bacteria [23-25]. In colon 

cancer the studies with BCG alone or in combination with chemo-

therapy have shown limited clinical effects, and some of the 

studies have even shown deleterious effects [25].  

 

Cytokines 

Research in this field has shown that cytokines can either en-

hance or inhibit tumor growth [26-28]. Interferons have shown 

antineoplastic activity indirectly by changes in the immune re-

sponse (activates macrophages and up regulates MHC molecules), 

but also in direct action on the tumor (promotion of CTL lysis) 

[24]. A variety of tumors express immunosuppressive cytokines, 

e.g. TGF-β and IL-10, which may help the cancer cells escape 

immune surveillance [28]. The cytokines have mainly been tested 

in animal studies, but there are also some human clinical trials, 

mainly with IFNs, TNFs, IL-2, IL-3, IL-4, IL-6, IL-12 and GM-CSF. In 

most of these cases the side effects were unacceptable and the 

clinical efficiency very limited [24,25,29-34]. Treatment with high 

or moderate doses IL-2 has shown clinical responses in patients 

with malignant melanoma and renal cell carcinoma [35-37]. The 

objective clinical response rates were 15% for melanomas and 

19% for renal cell carcinoma [30] with an estimated 5-year sur-

vival rate of around 16% of patients with metastatic renal cell 

carcinoma [35]. Studies with IL-2 in patients with CRC have not 

yet shown useful clinical responses [24,33]. Cytokine inhibition 

such as TNF-α therapy remains a potential therapeutic option in 

CRC as recently demonstrated in a mouse model [34].  

   The anticipated effects of non-specific immunotherapy are 

still unknown, and there are still concerns of adverse effects. It is 

not expected that this therapy will advance to standard treatment 

in CRC as single therapy, but maybe in combination with other 

treatment modalities. Efficiency in patients with CRC has been 

shown in combination studies with IL-2 and 5-FU [38-40]. It was 

shown in a small pilot study that addition of IL-2 in low doses 

subcutaneously and standard 5-FU improved time to progression 

with 7.5 months compared to a historical control group treated 

with a similar 5-FU regimen [40]. 

 

Passive immunotherapy 

Monoclonal antibodies  

Extensive research has resulted in new therapeutic modalities for 

metastatic CRC. Bevacizumab (Avastin®) and Cetuximab (Erbitux®) 

were in 2004 approved for treatment of CRC in both Europe and 

the United States. Panitumumab (Vertibix®) has later also been 

approved for treatment of CRC [27]. Cetuximab and Panitumu-

mab block the EGFR, and Bevacizumab is an antibody to VEGF. 

VEGF stimulate cellular responses by binding to VEGF receptors 

resulting in increased migration and mitosis of endothelial cells 

leading to angiogenesis. Theoretically angiogenesis plays an im-

portant role in all cancers since tumor growth is dependent on 

establishment of new blood vessels to secure nutrition and oxy-

gen supplies  [26,27,41-44]. Trastuzumab (Herceptin®) which has 

been approved for treatment of breast cancer has due to low 

overexpression rate of Human Epidermal growth factor Receptor-

2 (HER-2/neu) in advanced CRC not shown valuable in the treat-

ment of CRC [45]. Inhibition of the binding to these receptors may 

lead to diminished tumor growth or even shrinkage of established 

tumors.  

   All of these approved monoclonal antibodies for the treat-

ment of CRC have been used in combination with chemotherapy, 

and have resulted in improved time to progression by 3 to 4 

months and overall survival by 4 to 6 months [27]. There is still 

ongoing research trying to identify responding patients and clari-

fying reasons for non-responding patients. An intrinsic and a 

required resistance to anti-angiogenic drugs have been described 

[46], and in addition such treatment modalities may also lead to 

serious side-effects. Toxicity to the VEGF inhibitor Avastin in-

creases the risk of arterial thromboembolic events, increases the 

risk of bleeding, carries a small risk of gastrointestinal perforation, 

and approximately 10% of the patients experienced hypertension 

grade 3 – 4 [47]. The side effects from the antibodies against 

EGFR are acne-like rashes in more than 80% of the patients, nau-

sea, diarrhoea and hypomagnesaemia [27,48].  

   An ongoing concern regarding monoclonal antibodies is 

the excessive rise in the costs of treating patients with metastatic 

CRC. Cost-effectiveness analyses have questioned the recom-

mendation of such antibodies [27]. Prediction of responders and 

non-responders, and competition on the market may limit the 

future costs to a reasonable level. 

 

Adoptive T-cell transfer 

Transfusion of allogeneic or autologous lymphocytes, preferen-

tially T-cells, to patients is called adoptive T-cell therapy. Prelimi-

nary results from murine and some early human studies have 

been promising, but currently there are no FDA-approved thera-

pies for cancer [49]. Trials have included infusion of tumor infil-

trating lymphocytes, cytotoxic T-lymphocytes, T-helper cells, T-

regulatory cells and genetically modified T-cells. Adoptive T-cell 
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therapy is assumed to enhance anti tumor immunity to malignant 

transformed cells [49-51]. In patients with metastatic melanoma 

adoptive cell therapy with autologous tumor-infiltrating lympho-

cytes have shown objective response rates of approximately 50% 

[52,53]. In spite of promising results from preliminary murine CRC 

studies, the effects in human studies have been limited and with 

major variations in achieved results from study to study. Hitherto, 

results from clinical trials with adoptive T-cell transfer in human 

CRC have not been published.  

  Some of the technical difficulties in producing tumor spe-

cific T-cells are still concerns. Apart from the highly specialized 

laboratory facilities, consuming of time, money, and labour re-

quired for the production are still obstacles that need to be dealt 

with before implementation can take place [49,54]. Toxicity, 

which especially has been a problem with the genetically engi-

neered T-cells is also a difficulty that has to be solved [49]. 

Whether adoptive T-cell transfer in the future will play a part in 

treatment of cancer is still unclear, but it may get a role in combi-

nation with other treatment modalities. 

 In patients with leukaemia there has been extensive re-

search in the use of immunotherapeutic modalities. When pa-

tients have received allogeneic stem cell transplantation it is 

evident that a critical step is transfer of donor immunity to the 

treated patient. Adoptive T cell therapy after stem cell transplan-

tation in patients with leukaemia has turned out to be very effec-

tive with response rates of up to 70-80% [55].  

 With immunotherapy there is a constant risk of inducing 

autoimmunity. Cancer immunotherapy is preferentially aimed to 

target tumor cells alone without targeting healthy cells that is 

without inducing autoimmunity. There is a fine balance between 

immunotherapeutic tumor rejection and the harmful and un-

wanted self-directed immunological activities [56]. Since cancer 

cells arise from self-cells these express many of the same antigens 

on the cell surface, even though specific or upregulated antigens 

are expressed on cancer cells (see tumor antigens below). Differ-

ent immune regulators and checkpoints in the induction of im-

mune responses have been described and are thought to be 

important in the prevention of autoimmune responses. It seems 

clear though, that some of these checkpoints need to be blocked 

(e.g. anti-CTLA-4) in order to generate a sufficient immunologic 

response that may lead to cure of cancer [56]. 

 

Active specific immunotherapy 

The aim of active specific immunotherapy is to establish a highly 

selective and potent cellular immune response, specifically di-

rected against the patient’s cancer cells. Thus, responses are 

based on the cellular components of the immune system. The T-

cells are the most prominent effector cells and are those that 

need to be activated and directed against cancer cells. Tumor 

specific Th-cells seem to be most important especially in genera-

tion of CTL activity. The specificity of the T-cells are highly de-

pendent on specific TAAs. The activity of the T-cells is dependent 

on the APCs, which present TAA derived peptides of both HLA 

class I and class II molecules resulting in Th/CTL activation, co-

stimulatory molecules, and the local cytokine environment. The T-

cells are activated in the T-cell zone of the lymph nodes. After 

activation they leave the lymph node via the efferent lymphatic 

vessel and carry out the immunological effects (Figure 2). Of great 

importance in cancer immunotherapy is the activation of tumor 

specific CD8+ CTLs, which are the active cells in Th1 dominant 

 
 

Figure 2  

Immunological mechanisms in the lymph node after intradermal injection of DC’s loaded with TA. The antigen presenting DC migrates 

to the draining lymph nodes, where it on MHC-molecules presents TA for T-lymphocytes, which in the presence of co-stimmulation is 

activated. The activated T-cell leaves the lymph nodes to carry out its immunological effects.  
DC = dendritic cells, TA = tumor-associated antigens. 
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responses [57]. Immunological responses are balanced between 

Th1 and Th2 responses (see below), both in relation to cellular 

and humoral responses [57-64]. Polarisation of T-cells requires 

three distinctive signals. The first signal is the interaction between 

the T-cell receptor and the antigen presented in combination with 

MHC molecules by APCs. The second signal is interaction via co-

stimulatory molecules between the T-cell and the APC (CD28-

CD80/86). The third and final signal is the one directing the po-

larisation of T-cells, including the secretion of cytokines [61]. The 

T-cells are polarised in a Th1 response by primarily IFN-γ, TNF-α, 

IL-2, and IL-12 whereas the cytokines IL-4, IL-5, IL-6 and IL-10 

directs the Th2 response [61].   

 In 2006 the clinical and immunological responses to active 

specific cancer vaccines in human colorectal cancer were re-

ported in a meta-analysis [17], which was based on 527 patients 

in 32 trials. The rate of clinical responses (complete and partial 

responses, graded after WHO criteria) was limited to 0.9%. The 

rate of immunologic responses was also evaluated in some of the 

studies. Of the evaluated patients 59% showed antibody re-

sponses against the vaccine or tumor, and 44% showed cellular 

responses, primarily assessed by lymphoproliferation and ELISPOT 

analyses. Since the immunologic responses are results of different 

tests, these have to be interpreted with caution. When comparing 

the rate of clinical responses with the rate of immunologic re-

sponses it seems clear that many patients achieve immunologic 

responses without influence on the clinical response. Further 

investigation is needed to explain the differences, and if possible 

to direct immunologic responses into clinical responses. 

   Active specific immunotherapy appears to be less toxic 

than radio- and chemotherapy, which also affect proliferating 

normal cells especially in the bone marrow and intestine. This fact 

in combination with promising preliminary results in murine and 

in some human trials encourages further investigation and possi-

ble optimization of the active specific immunotherapy. 

 

Tumor antigens 
A variety of TAs and TAAs have been identified and the list is still 

expanding [65]. The antigens are traditionally divided into four 

distinctive categories: 1) up regulated antigens which are antigens 

that are present in normal cells, but which are up regulated in 

cancer cells. Examples of these are CEA, telomerase and survivin. 

2) Tissue specific antigens, which are present in the tissue from 

which the tumor is derived and in the tumor itself. Examples are 

melanocyte derived GP-100 and MART-1. 3) Tumor specific anti-

gens, which are unique for the specific tumor, as a result of muta-

tions in the tumor cell DNA. Examples are p53 and RAS. 4) Cancer 

testis antigens (CT-antigens), which are expressed on many dif-

ferent cancer cells due to their dedifferentiation, but in the adult 

only expressed by germinal cells in testis and ovary, where cells 

are protected from cellular immune responses by blood barriers. 

Examples of CT-antigens are the melanoma associated antigens 

named MAGE-A, -B and -C groups, GAGE-groups, BAGE-groups 

and others [66].  

 The optimal tumor antigen for immunotherapeutic target-

ing is an antigen that is present and highly expressed on all of the 

patient’s cancer cells and not expressed on normal healthy cells, 

an antigen that is necessary for the cancer cell’s proliferation and 

survival, and an antigen that is well recognized by T-cells [67,68]. 

Using tumor lysates as antigens in vaccines results in a larger 

spectrum of targeted TAs and therefore to a broader T-cell im-

mune-response potentially being directed against proteins neces-

sary for tumor survival, but this might also increase the risk of 

inducing autoimmunity resulting in targeted attacks on normal 

healthy cells [56]. 

 

Dendritic cells 

The dendritic cell is known as the most potent APC. It was first 

described in 1973 [18]. The cell has the unique ability to process 

and present peptide fragments on its MHC class I and II mole-

cules, known as cross presentation [69]. After maturation the 

dendritic cell migrates to the draining lymph node, where it inter-

acts with naïve T-cells, leading to their activation via the three 

distinctive signals previously described (Figure 2).  

   From peripheral blood monocytes immature DCs can be 

generated in vitro in the presence of GM-CSF and IL-4 [70,71]. The 

immature dendritic cell is efficient in capturing and processing 

antigens, but inefficient when it comes to co-stimulation and 

activation of T-cells [72-75]. When the antigen has been captured 

and is being processed, the maturating DC becomes less efficient 

in capturing and processing further antigens. The mature DC is on 

the other hand efficient in T-cell activation and co-stimulation.  

 Migration of activated DCs to lymph nodes is a crucial step 

in activating specific immune responses. It is know that chemoki-

nes play an important role in controlling the DC migration [76]. 

Studies have explored the DC migration with injection of imma-

ture and mature 
111

Indium-labeled DCs and scintigraphic imaging 

[77,78]. Those studies have concluded that mature DCs are more 

efficient in reaching the lymph nodes than immature DCs. 

 
 

Figure 3  

Vaccination schedule. 
i.m. = immune monitoring, QoL = quality of life 
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Administration of vaccines 

Since the interaction between the APC and the T-cell takes place 

in the lymph node it seems obvious, that direct injection of ma-

ture antigen pulsed DCs in the lymph node may be effective. In 

spite of that, studies have shown that intradermal injections may 

be just as effective and more effective than subcutaneous or 

intravenous administration [79]. Vaccinations are administered 

more frequently than anti-viral/toxin vaccines namely every one 

to four weeks, firstly, because TAA compared to antigens derived 

from toxins or virus are only weakly antigenic and secondly since 

studies have shown that the number of TAA-specific CTLs reaches 

a maximum around 7 days after vaccination and returns to pre-

vaccine levels around day 28 [80].  

 

Immune monitoring 

Immune monitoring has become an important part of cancer 

vaccine trials. The monitoring is essential in exploring immu-

nological responses during treatment, explore various responses 

in different patients, enhance knowledge about immune-

competences, being able to identify and predict responders and 

non-responders, and ultimately optimizing treatment. Monitoring 

is often distinguished between humoral and cellular immune 

responses. Humoral responses are recognized by measuring cyto- 

and chemokines in serum and plasma. The methods used for 

these measurements are ELISA and also in Luminex systems with 

multiplex assays. Cellular responses are monitored with DTH, 

tetramer-analyses, lymphoproliferation, FACS and ELISPOT assays 

[17,81].  

 

Dendritic cell vaccination trials in patients with CRC 

 Active specific immune therapy has been tested in patients with 

CRC in many smaller trials [17,23,24,66,79,82-85]. The previous 

mentioned meta-analysis by Nagorsen et al. [17] showed that the 

rate of CR, PR, MR, and SD for patients treated with DC based 

vaccines were 17% in the 70 patients treated with DC vaccines. A 

positive cellular response was observed in 20 of 38 patients (53%) 

treated with DC based vaccines [17].  

 

Aims 

The aim of the present Ph.D.-study was to establish and perform 

a clinical trial, testing a DC based cancer vaccine in patients with 

advanced CRC. The first objective was to perform a phase I trial to 

test toxicity and safety of this DC-vaccination therapy. Secondly, 

the aim was to evaluate the effectiveness assessed in clinical 

responses and quality of life in a phase II trial, and finally study 

the humoral responses following treatment with a cancer vaccine 

based on DCs pulsed with an allogenic tumor cell lysate.  

 

MATERIAL AND METHODS 
Study design 
The study was designed as a classic phase I/II trial. A standard 

schedule was used for vaccinations, observations, and all meas-

urements related to the trial. The treatment regimen consisted of 

a total of 10 vaccines administered as intradermal injections on 

the proximal thighs. Each of the vaccines consisted of 3-5 x 10
6
 

DCs (Figure 3). Since the included patient had no other conven-

tional treatment offers, patients were invited to continue in the 

trial in spite of clinical progression at the evaluations.  

 

Primary and secondary endpoints 

The primary endpoints were safety and toxicity related to the 

treatment monitored with the National Cancer Institute’s com-

mon toxicity criteria, and clinical responses determined by 

changes in sizes of tumors/metastases assessed by CT-scans and 

graded after the RECIST criteria. Secondary endpoints were 

changes in quality of life, changes in cytokines and biomarker 

blood levels during treatment, and overall survival. 

 

Patients, inclusion and exclusion criteria 

Six patients were included in the phase I trial and continued after 

interim analyses in the phase II trial, which included a total of 20 

patients. A total of 36 patients were screened for eligibility and 

the 16 patients, who were not accomplishing the inclusion crite-

ria, were primarily rejected because of low performance status.  

   The inclusion criteria were the following: biopsy verified 

colonic or rectal carcinoma with distant metastases, no indication 

for further conventional oncological or surgical therapies, age at 

inclusion between 25 and 75 years, 6 weeks prior to inclusion no 

radio- or chemotherapy, performance status ≥ 2 (WHO perform-

ance status scale). More than 4 months expected survival at 

inclusion, at inclusion adequate hepatic, renal, haematopoietic 

and blood coagulation function tests verified by blood samples, 

preserved pulmonary function and normal ECG. The exclusion 

criteria were the following: use of immune suppressive treatment 

(e.g. systemic corticosteroid) the last 2 months before inclusion, 

serious uncontrolled infections, participation in other clinical 

trials during the last 6 weeks, pregnancy, or lactation.  

 After inclusion needle biopsies were collected of tumors 

from all patients. Biopsies were placed in RNAlater (Ambion, 

Austin, TX, USA) and samples were analysed for expression of 

MAGE-A1, -A3, -A4, -A6, -A10 and –A12 with reverse transcriptase 

poly chain reaction (RT-PCR). Methods are described in detail in 

paper I. 

 

Preparation of vaccine 

DC cultures, tumor lysate production and lysate pulsing of DC to 

generate the full vaccine, MelCancerVac, were performed at 

DanDrit Biotech, Copenhagen, Denmark. DCs were cultured in 

vitro from 200 ml freshly drawn peripheral blood. By centrifuga-

tion over lymphoprep (Medinord A/S, Roskilde, Danmark) mono-

nuclear cells were isolated and intensively washed in PBS/EDTA 

(Cambrix Bio Science, Versene, Belgium). Mononuclear cells were 

re-suspended in 2 ml RPMI 1640 medium (Cambrix Bio Science) 

and supplemented with 1% of autologoues plasma. Cell suspen-

sions were left in non-treated T75 tissue culture flasks for 1 hour. 

Plastic adherent fractions were further cultured over night. GM-

CSF (100 ng/ml) and IL-4 (50 ng/ml) (CELL Genix, Freiburg, Ger-

many) were added. The same concentrations of GM-CSF and IL-4 

were added on day 3. The melanoma cell lysate (MCL) (see below) 

was added to DCs at day 5 of culture at a final concentration of 

10% (0.3 mg protein).The culture was supplemented with TNF-α 

(20 ng/ml) (CELL Genix) on day 6. Non-adherent and adherent 

fractions were harvested on day 7 and washed in Dulbecco’s PBS 

and the number of cells with diameters > 14 microns was deter-

mined in a coulter counter system. The DC phenotype was con-

firmed by FACS analyses. A total of 3-5 x 10
6
 DCs were re-

suspended in 1 ml saline supplemented with 1% autologous 

plasma. In portions of 3-5 x10
6
 DCs the remaining cells were 

frozen in 10% DMSO, 30% autologous plasma and 60% of RPMI 

1640 medium. Before injection, frozen cells were thawed, washed 

twice in saline supplemented with 1% plasma and re-suspended 

in 1 ml physiological saline supplemented with 1% of autologous 

plasma.  
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Melanoma cell line and lysate 

From an original melanoma cell line, FM3 [86,87] a melanoma cell 

clone DDM-1.13 was established, from which the MCL was pre-

pared. The FM3 cell line originates from a melanoma patient that 

went through surgical removal of the tumor in 1992. The patient 

had a long disease free survival supposedly as a consequence of 

high immunogenicity of the tumor cells. The DDM-1.13 cell clone 

was established by selecting for high expression of MAGE-A anti-

gens and for not expressing melanocyte differentiation antigens. 

Melanoma cells were expanded in RPMI 1640 medium (Cambrix 

Bio Science) with 2% human AB-serum (Cambrix Bio Science). 

Cells were cultured in serum free medium PC-1 (Cambrix Bio 

Science) and analysed for expression of MAGE antigens. Subse-

quent to harvesting by Versene (Cambrix Bio Science) the cells 

were washed twice in RPMI 1640 medium and re-suspended at a 

concentration of 10
7
 cells/ml in RPMI 1640 medium. The suspen-

sion was frozen (liquid nitrogen) and thawed (37
o 

C water bath 

five times). By centrifugation, first 10 minutes at 400 G, then 30 

minutes at 10.000 G, the supernatant from the lysate containing 

approximately 3 mg protein/ml was filtrated through 0.2 μm 

filter. Finally, the lysate was stored in aliquots at -80
o
C until use. 

  Vaccines were administered no more than 3 hours after 

final re-suspension in the process of preparation.  

Monitoring of adverse events and toxicity 

   At every visit the patient were weighed, had temperature, 

pulse-rate, and blood pressure measured, had general blood 

samples taken, had urine analysed for glucose, protein and blood, 

had oxygen saturation measured by pulse oximetry, and finally 

went through a general clinical examination. Adverse events were 

graded according to the National Cancer Institutes common toxic-

ity criteria and monitored throughout the entire study period.  

 

Monitoring of clinical response 

Before start of treatment (baseline values), all patients had a CT-

scan of the chest and abdomen with contrast medium. Evaluation 

CT-scans were performed after five given vaccines, after all ten 

vaccines and finally six months after end of the vaccination 

schedule. CT-scans were evaluated by the same senior radiologist 

and the responses were graded according to the RECIST criteria 

[88].  

 At the baseline CT-scan the number of measurable target 

lesions were counted and target metastasis with a diameter 

above 1 cm were selected. Non-target lesions (lesions with a 

diameter smaller than 1 cm, peritoneal carcinomatosis etc.) were 

also registered. The sum of the longest diameters of all the target 

lesions was calculated (baseline sum of the longest diameters). At 

evaluation CT-scans the sum of the longest diameters of all target 

lesions were calculated again and any new tumors were regis-

tered. Complete response (CR) is disappearance of all target and 

non-target lesions and normalisation of tumor marker levels; 

partial response (PR) is at least 30% reduction in the sum of the 

longest diameters of target lesions and no new lesions; progres-

sive disease (PD) is at least 20% increase in the sum of the longest 

diameters or appearance of new lesions; and stable disease (SD) 

is between 30% decrease and 20% increase of the sum of the 

longest diameter and no new lesions. Reference to all of the 

evaluation measures is the baseline sum of the longest diameters 

[88]. 

 

Monitoring of quality of life 

As an assessment of quality of life and especially development in 

quality of life the SF-36 (”short form” with 36 questions) was used 

in a validated Danish version [89,90]. The patients independently 

filled out the questionnaire at baseline and nine times later 

through the study period (Figure 3), and every time before they 

talked to the investigation physician. The following eight catego-

ries are covered by the SF-36 questionnaire: ‘physical function’, 

‘physical role limitation’, ‘bodily pain’, ‘general health percep-

tions’, ‘vitality’, ‘social function’, ‘emotional role limitation’, and 

‘mental health’. According to the SF-36 manual all answers were 

scored and electronically transformed to a scale ranging from 0 to 

100 with higher scores indicating better status. 

 

Monitoring of humoral and biomarker responses 

Plasma and serum samples were collected by drawing peripheral 

blood into endotoxin-free tubes with EDTA as anticoagulation 

agent (plasma) and tubes with no anticoagulation agent (serum) 

(Becton Dickenson, NJ, USA) before treatment and six times 

throughout the study period. After collection the samples were 

left at room temperature for up to one hour. Separation of 

plasma and serum from blood cells was done by centrifugation at 

2500 x G for 10 minutes at room temperature and the super-

natants were stored in cryo-tubes (Thermo Fischer Scientific, 

Roskilde, Denmark) at -80
o 

C. To avoid intra assay variations all 

samples from a specific patient were analysed on one ELISA plate 

or at the same run in the Luminex. Plasma levels of GM-CSF, IL-2, 

IL-6, TNF-α, IFN-γ, IL-4, IL-8, IL-1β, IL-5, IL-10, IL-12, MIP-1β, IP-10 

and Eotaxin were analysed in a multiplex platform (Luminex 100 

TM). All samples were run in triplicates with human extracellular 

protein buffer reagent kits (Invitrogen corp., CA, USA) set-up 

according to instructions from manufacturer. Serum levels of CEA 

were measured with a commercially available ELISA-platform (IBL, 

Immuno Biological Laboratories, Minneapolis, MN, USA). This 

assay determines concentrations between 0.25 ng/ml and 75.0 

ng/ml. Plasma levels of tissue inhibitor of metalloproteinase-1 

(TIMP-1) were analysed with a validated TIMP-1 ELISA [91]. A 

sheep polyclonal antibody was used to coat microtitre plates. A 

monoclonal antibody (MAC-15) and a secondary alkaline phos-

phatase-coubled antibody (Dako, Glostrup, Denmark) were used 

to detect TIMP-1. 

STATISTICAL CONSIDERATIONS 

In the phase I trial statistics were purely descriptive. In the phase 

II trial changes in quality of life were assessed with Friedman’s 

test. Overall survival time was estimated with Kaplan-Meier test 

and comparison of overall survival between patients with PD and 

SD was tested with Breslow’s (generalized Wilcoxon’s test) test of 

equality. In the third paper about immunologic responses to the 

dendritic cell treatment changes in levels of cyto-

kines/chemokines/proteins were assessed with Friedman’s test. 

Comparisons of pre-vaccine levels were tested with the Mann 

Whitney U-test. Overall, statistical significance was determined at 

the p<0.05 level. Continuous variables were reported as medians 

(range). All statistical calculations were performed using SPSS 

software version 15.0 (SPSS Inc., Chicago, USA). Patients achieving 

SD were tested against patients with PD to show differences in 

survival, cytokine, and biomarker levels. 

ETHICAL CONSIDERATIONS  

Before inclusion all patients received written and oral information 

about the trial. All included patients gave their signed informed 

consent. The study was approved by The Local Ethics Committee 

(KA 04097gs), the Danish Health Authorities (2612-1970), the GCP 

Unit at Copenhagen University Hospital and by The Danish Data 
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Protection Agency (2004-41-4262). The study was performed at 

The Department of Surgical Gastroenterology at Gentofte Univer-

sity Hospital, Hellerup, Denmark according to international con-

ference on harmonisation (ICH) guidelines for good clinical prac-

tice (European Directive on GCP 2001/20/EC). The study was 

registered at www.clinicaltrials.gov with the study identification 

number: NCT 00311272. 

 

Table 1  
Patient characteristics at baseline (n=20) 

 

RESULTS 

Patient characteristics   

Characteristics for all included patients are summarized in Table 

1. Out of the 20 included patients 17 received intervention, two 

were included in violation with the protocol (one had primary 

lung cancer and one used corticosteroids) and one died before 

receiving any vaccines. Fourteen of the 17 treated patients re-

ceived 5 vaccines and went through the first evaluation CT-scan. 

Two patients dropped out because of weakness before the first 

evaluation CT-scan, and one patient died before going through 

the CT-scan. Since these three patients did not go through an 

evaluation CT-scan their responses can not be assessed with the 

RESIST criteria, but it was assumed that they dropped out of the 

study due to disease progression, and therefore these three 

patients are considered progressive in the overall analysis of 

response rate. Eight patients received all ten allocated vaccina-

tions and went through the second evaluation CT-scan. Only one 

patient completed the third evaluation CT-scan six months after 

the last vaccine (Figure 4). 

 

Main results from study I 

The phase I study consisted of six included patients. None of the 

patients had any serious adverse events related to the vaccine. 

There were no significant changes in the performance status, 

general well-being, blood pressure, temperature, BMI or general 

clinical appearance. One of the patients reported a one day tem-

porary mild fatigue after each vaccine, a few times accompanied 

by a feeling of mild fever.  

  Conclusively, all of the patients tolerated the vaccine well 

and the treatment was considered non-toxic and safe. 

 

Main results from study II 

At the first evaluation CT-scan four of the 14 patients had 

achieved stable disease. Two of these remained stable through-

out the rest of the period of treatment. Results from RECIST 

analysis of the CT-scans of these 4 patients are shown in table 2. 

One of the patients experienced a minor decrease in the sum of 

the longest diameters from baseline CT-scan to the first evalua-

tion CT-scan, but was graded as SD since the decrease in the sum 

of the longest diameter was less than 30% (RECIST criteria). Im-

ages from these 2 CT-scans are shown in Figure 5. According to 

the RECIST criteria the best observed response was SD.  

  Kaplan-Meier curves were constructed for overall survival 

both from inclusion and from time of initial diagnosis to death 

(Figure 6 A+B). Median survival from initial diagnosis was 43.1 

month (range 11.6 – 73.0 months, 95% CI 29.9 – 56.3 months). At 

initial diagnosis 50% of the 20 included patients had disseminated 

disease. Median survival from inclusion was 5.3 months (range 

0.2 – 29.2 months 95% CI 4.3 – 6.3 months). Dividing the patients 

into two subgroups one with patients with SD and one with pa-

tients with PD and comparing the overall survival showed that 

patients with SD lived significantly longer (p = 0.038) than pa-

tients with PD (Figure 6C).  

  Variances in the quality of life showed no significant 

changes in the ‘physical function’ (p = 0.872), ‘physical role limita-

tion’ (p = 0.965), ‘bodily pain’ (p = 0.079), ‘social function’ (p = 

0.649), ‘emotional role limitation’ (p = 0.252), ‘and mental health’  

 (p = 0.626). Regarding the categories ‘general  

 
 

Figure 4  

Study profile. 
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health perception’ (p = 0.006) and ‘vitality’ (p = 0.011) there were 

significantly lower scores towards the end of the study. All vari 

ances were tested with Friedman’s test. Variances in the self-

reported quality of life assessed by the SF-36 questionnaire are 

shown in Figures 7A and 7B, respectively physical and mental 

quality of life. 

Main results from study III 

There were significant variances in TNF-α, IFN-γ, IL-2, IL-5, IL-10, 

IL-1β, and CEA for the entire cohort during treatment. These 

results are shown in Table 2.  

  There were no significant differences in pre-vaccine levels 

of cytokines between patients subsequently achieving SD versus 

PD nor between MAGE+ versus MAGE-. However, IL-6 levels 

among the patients achieving PD were significantly higher com 

 
 

Figure 5  

Baseline and first evaluating CT scan of a patient with stable disease. 

Left: Baseline CT scan showing a target lesion measured with a longest diameter of 1.07 cm and two non-target lesions (arrows). 
Right: First evaluation CT scan showing the same target lesion measured with a longest diameter of 0.95 cm and disappearance of one of the non-target lesions (circle). 

   
 

Figure 6  

6A: Kaplan-Meier curve of median survival from inclusion. 

6B:  Kaplan-Meier curve of median survival from initial diagnosis, where 50% of the patients had disseminated disease. 

6C:  Kaplan-Meier curve of median survival from inclusion for patients with progressive disease (PD) and patients with stable disease (SD). 
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pared with patients achieving SD (median 18 vs 10 pg/ml, p = 

0.036). 

  Patients that achieved SD had significant variation in GM-

CSF (Figure 8A), TNF-α (Figure 8B), IFN-γ (Figure 8C), IL-5 (Figure 

8D), and IL-2 (Figure 8E). Patients who were graded as PD had  

significant increases in CEA levels (p<0.001) (Figure 8F), and TIMP- 

1 (p=0.011) (Figure 8G). Patients who were graded as SD had only 

slight increases in CEA levels (p=0.027) (Figure 8F), and no signifi-

cant change in TIMP-1 levels. There was no significant difference 

in CEA levels between patients graded as PD versus SD. Patients  

expressing one or more MAGE antigens (MAGE+) showed signifi-

cant increases in CEA levels (p<0.001), whereas MAGE- patients 

did not show any change in CEA levels throughout the study 

period (figure 9). Pre-vaccine levels of TIMP-1 were not signifi-

cantly different between patients graded as PD or SD. No signifi-

cant variation in TIMP-1 levels was observed in the subgroup of 

MAGE+ and MAGE- patients and there were no significant differ-

ence in pre-vaccine levels.  

DISCUSSION 

Results from the studies in the present Ph.D.-thesis have given 

interesting insights in the field of treating patients with advanced  

CRC with a DC-based cancer vaccine. First of all, the studies have 

proven that it was feasible to establish and run a scheduled vac-

cine therapy regimen to such patients. This was proven unprob-

lematic in spite of different geographic locations for the actual 

treatment of the patients, and the production of the vaccines. 

Secondly, the studies strongly confirmed that the treatment was 

non-toxic and safe. Treatment was well tolerated by all patients. 

Clinical response rates were, according to the RECIST criteria, 

limited. We did not observe any complete or partial responses. A 

total of four patients achieved SD and two of these remained 

stable throughout the entire study period. Thus, a clinical benefit 

rate of 24% (4/17) was achieved. Regarding self-reported quality 

of life assessed by the SF-36 questionnaire analyses regarding 

physical quality of life showed that ‘physical function’, ‘physical 

role limitation’, and ‘bodily pain’ remained high and stable while 

there was a significant decrease in the patients’ ‘vitality’. Regard-

ing mental quality of life, ‘social function’, ‘functional role limita-

tion’, and ‘mental health’ remained high and stable, while there 

was a significant decrease in ‘general health perception’. In addi-

tion to that we found significant changes in TNF-α, IFN-γ, IL-2, IL-

5, IL-10, IL-1β, and CEA for the entire cohort during treatment 

with the vaccine and detailed analyses indicated a polarisation 

towards a Th1 response in patients achieving SD. With respect to 

CEA levels there was a major increase in patients with PD and 

only a slight increase in patients with SD with no difference be-

tween the pre-vaccine levels. Regarding TIMP-1 levels we regis-

tered increasing levels in patients with PD, and no changes in 

patients with SD, with no difference in pre-vaccine levels.  

  
 

Figure 7  

Changes in quality of life during the study period estimated with Friedman’s statistical analysis. The median values are shown in the plots. There were no significant changes in 

the patients’ “physical function” (p=0.872) (fig. 7A), “physical role limitation” (p=0.965) (fig. 7A), “bodily pain” (p= 0.079) (fig. 7A), “social function” (p=0.649) (fig. 7B), “emo-

tional role limitation” (p=0.252) (fig. 7B) and “mental health” (p=0.626) (fig. 7B). There were a significant lower score at the end of the study concerning “general health 

perception” (p=0.006) (fig. 7B) and “vitality” (p=0.011) (fig. 7A). 

Table 2  

 

Results from RECIST analysis of the four patients with stable disease 

SD = stable disease, PD = progressive disease 
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Immune responses versus clinical responses 

As mentioned earlier immune responses are not always followed 

by clinical responses. Nagorsen and Thiel published in 2006 a 

meta-analysis on clinical and immunologic responses in patients 

with CRC during treatment with active specific cancer vaccines 

[17]. A total of 527 patients with advanced CRC were reported in 

32 trials. The proportion of patients treated with a dendritic cell 

based vaccine was 13% (70/527) in 8 different trials. A new term 

called clinical benefit rate was introduced and consisted of com 

  

  

  

 
 

Figure 8  

For patients with SD there were significant changes in GM-CSF (Fig. 8A), TNF-α (Fig. 8B), IFN-γ (Fig. 8C), IL-5 (Fig. 8D), and IL-2 (Fig 8E), 

whereas patients with PD did not show any significant changes during the study period.  

For patients with both PD and SD there were significant changes in the CEA-levels (Fig. 8F), although the levels were numerically higher 

in patients with PD (Fig. 8F). There was not significant difference in pre-vaccine CEA levels between SD and PD. 

For patients with PD TIMP-1 (Fig. 8G) changed significantly, whereas patients with SD did not experience significant changes during the 

study period. 
PD = progressive disease, SD = stable disease, ns = non-significant 
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plete responses, partial responses, mixed responses, and stable 

disease and was introduced to avoid the risk of not detecting 

small clinical benefits that may adapt to relevant responses. The 

clinical benefit rate in patients treated with a dendritic cell based 

cancer vaccine was 17% (12/70). Humoral immune responses 

were not applied to the patients treated with dendritic cells, but 

38 of the patients were monitored for cellular responses and 20 

of these were positive (53%). It is obvious from these results that 

the rate of immunologic responses is higher than the correspond-

ing clinical responses. The reasons for the lack of clinical re-

sponses in spite of supposedly good immunologic responses are 

not fully understood. One explanation could be that the immu-

nologic responses may be directed against the vaccine, but not 

against the tumor, since the cancer cells might express other 

antigens than the ones the vaccine is directed against. Another 

explanation could be that immune competences in patients with 

large disseminated tumor burdens are diminished and therefore 

not sufficient to eradicate enough tumor cells to result in a clinical 

response [92-94]. It has been suggested that patients with end-

stage disease do not present with as effective immunological 

responses as patients with earlier stage disease [85,95,96]. An-

other explanation could also be that large tumors are more het-

erogeneous and as a consequence of that a sub-fraction of the 

tumor cells may not express the antigens the vaccine is directed 

against.   

 

Optimization of treatment 

There is still plenty of room for improvement and optimization of 

immunotherapy, also when it comes to cancer vaccines based on 

DCs. The optimal route of administration and administration 

intervals are steps that already have been considered [79,80]. All 

the crucial steps from selection of targeted TAA (maybe multi-

epitopes), including generation, pulsing, and maturation of DCs, 

and administration of vaccine and homing of DC to lymph nodes 

and interaction with T-cells (with all the necessary co-stimulatory 

molecules and the specific cytokine mircorenvironment), followed 

by homing of effective cytotoxic T-cells to all locations with ma-

lignant cells and finally to destruction of tumor cells, need to be 

clarified and ensured. If somehow the vaccines had proven to be 

efficient and showed good clinical responses in a considerable 

part of the patients, detailed determination of the evolved proc-

ess could for practical reasons be considered less relevant, but 

since clinical responses are limited, thoroughly knowledge about 

all the steps are necessary in order to optimize treatment. This 

may require new methods for monitoring responses at the differ-

ent crucial steps mentioned above. Clarification of the detailed 

processes combined with sufficient knowledge about immu-

nological mechanisms may ultimately lead to interventional pos-

sibilities to overcome the inhibitory or limiting obstacles. For 

instance, lack of polarisation towards a Th1 response may be 

overcome by artificially establishing a favourable cytokine envi-

ronment. Another option is to supply the immunotherapy with an 

adjuvant that either enhances the immunologic response or 

prevents it from being down regulated. 

 Levels of biomarkers in the blood may become a useful 

tool in identifying those patients, who will respond to immuno-

therapeutic treatments. The only recommended biomarker in CRC 

is CEA [97,98]. CEA levels are elevated as a consequence of de-

differentiation of CRC cells (associated with disease activity). It is 

widely used, especially in the follow-up after treatment for CRC, 

in the daily clinical practise [99-103]. We have in the present 

study shown increasing levels of serum CEA in non-responding 

patients during treatment with the DC vaccine. We also saw an 

increase, though much smaller, in patients achieving SD. Since 

CEA measurements have some limitations, many other biological 

markers have been developed and tested, with TIMP-1 being one 

of  interest. TIMP-1 has shown promising perspectives, especially 

in combination with CEA [99,104-113]. We have in the present 

study shown increasing levels of plasma TIMP-1 in patients, who 

did not respond to treatment with the DC vaccine, whereas pa-

tients achieving SD showed stable levels during treatment. These 

observations support the use of TIMP-1 as a biomarker in CRC 

during treatment with DC based cancer vaccines. The pre-vaccine 

levels of both CEA and TIMP-1 were lower (but not significantly) 

in patients subsequently achieving SD than in those with PD. The 

question whether CEA and TIMP-1 can be used as predictors of 

subsequently responding patients needs to be addressed in larger 

clinical trials.  

 In both humoral and cellular immune responses there is a 

balance between Th1 and Th2 responses [57-64]. Depending on 

the type of pathogen a DC encounters and presents, and espe-

cially the cytokine microenvironment determines whether the 

immune response will be Th1 or Th2 dominated, respectively. A 

Th1 dominant immune response directed against the tumor is 

favourable in cancer immune therapy [57]. The Th1 response 

promotes activation of CD8+ CTLs. Activated CTLs are considered 

the effector cells of cellular immunotherapy and are important 

for the specific killing of cancer cells. 

 

Optimization of immune monitoring 

The many new trials with various immunotherapeutic approaches 

to treat different cancer types have resulted in a substantial need 

for monitoring the patients. Effective monitoring is an absolute 

necessity in order to recognize responders early during treat-

ment. Clinical responses, in terms of regression of tumor masses 

determined by CT-scan, may not be the best way of determining 

responders, since it may take some time to establish an effective 

immunological response and through that achieve clinical re-

sponse, especially in patients with large tumor masses. More than 

that, lack of clinical response does not explain the specific immu-

nological reasons for the lacking response. Ultimately, effective 

immune monitoring will be able to detect limiting/inhibitory steps 

in the immunological processes from administration of treatment 

and all the way to killing of the cancer cells. Clarification of the 

problematic steps in the patients might allow for applying a pre-

cise directed immune adjuvant to overcome the obstacle. 

 
 

Figure 9  
For MAGE+ patients there was significant change in CEA, p<0.001, while there was 

no significant change for MAGE- patients. 
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Earlier cancer stages 

There are well-established therapies for most types of cancer, 

including CRC. A main problem concerning immunotherapy in this 

scenario is that so far all trials performed are purely experimental 

and therefore most trials are conducted in patients who have 

gone through various surgical and oncological treatments without 

responding or with subsequent relapse. These patients all have 

end-stage disease when they enter the immunotherapy trials, and 

many of the patients may have impaired immune competence 

due to the advanced disease and as a consequence of the re-

ceived surgical and oncological treatments [92-94]. Studies sug-

gest that a better immunologic response can be mobilized in 

patients with earlier cancer stages than in patients with end-stage 

disease [85,95,96]. More than that, it may, as mentioned earlier, 

take some time to establish a full immunologic response and turn 

this response into a clinical response [114]. Patients with end-

stage disease may not have the time and immunologic capacity to 

generate a full immunologic response. Furthermore, it is most 

likely that the tumor burden in some patients may be so massive 

that even a strong immunologic response directed against the 

tumor cells might not be sufficient enough to kill the billons of 

cancer cells. 

Combinations of treatments 

Much of the research in immunotherapeutic treatment of cancer 

suggests that immunotherapy alone may not be sufficient to 

overcome the disease, especially not in advanced cases. In order 

to gain efficiency from immunotherapy it may be necessary to 

stimulate the immune system with adjuvants.  

 Since chemotherapy and immunotherapy act in very dif-

ferent ways it seems reasonable to assume that these treatment 

modalities cannot be combined. Chemotherapy and immuno-

therapy have often been thought of as merely counteracting, 

since many chemotherapeutics depress the immune compe-

tences, while the whole idea of immunotherapy is to establish 

and maintain a strong immunologic response. In spite of this, 

recent studies have suggested additive effects of combining 

treatments [25,43,49,66,85,115]. A recent review by Zhang and 

Herlyn [115] have suggested some of the beneficial effects of 

combining immunotherapy with chemotherapy in the treatment 

of cancer. Some chemotherapeutics like cyclophosphamide may 

down regulate Tregs [115]. Tregs are also called suppressor T cells 

and are known to suppress activity of the immune system, 

thereby maintaining immune homeostasis and tolerance to self-

antigens. Down regulation of Tregs activity are therefore prefer-

able in active immunotherapy. Chemotherapeutics have also in 

some studies resulted in tumor cells being more sensible to attack 

from CTL [115]. On the other hand some studies have indicated 

that the tumor sensitivity to chemotherapy has been enhanced 

after treatment with immunotherapy [115]. In addition, tumor 

cell death caused by chemotherapy may increase levels of TAA 

presented on APC and thereby stimulating immune cells and 

initiating an active specific immunologic response against the 

remaining tumor cells [115]. Combinational therapies with che-

motherapy and immunotherapy have only been applied in pa-

tients with CRC in very few trials. In a recent phase II trial a viral 

vector encoding a TAA was administered to patients with metas-

tatic CRC before, during, and after treatment with cycles of 5-FU, 

folinic acid, and oxaliplatin [116]. Addition of the vaccine to che-

motherapeutic treatment was not associated with any toxicity, 

and specific cellular and/or antibody responses were detected in 

all evaluable patients. Out of 11 patients, 5 achieved partial and 1 

complete responses and the authors conclude, that the addition 

of this vaccine to chemotherapy may provide additional clinical 

benefit [116]. However, these uncontrolled data must be vali-

dated in randomised studies with sufficient statistical power.  

 

Integrated multi-disciplinary cancer settings 

In many aspects treatment of cancer becomes more and more 

complicated. The armamentarium is expanding, therapies are 

becoming more specific, and treatment regimens existing of 

surgery, chemotherapy, radiotherapy, and maybe immunother-

apy are becoming tailored to individual patients. This requires an 

intensive collaboration between the different specialities. Beyond 

the therapeutic treatments there is also an escalating use of 

symptomatic therapies with anti-emetics, analgesics, etc.. Inte-

grated multi-disciplinary settings, as instituted in most Danish 

hospitals taking care of CRC patients, with teams of oncologists, 

surgeons, radiologists, and pain specialists are probably the pre-

ferred constellation in order to optimize treatment for each indi-

vidual patient. 

 

Limitations of the studies 

Depending on the objectives there are several limitations to the 

studies in this PhD thesis. The main objective of the phase I trial 

was to evaluate safety and toxicity related to treatment with the 

DC based cancer vaccine in patients with advanced CRC. In 2003 

more than 1000 patients had been treated with DC based vac-

cines without severe toxicity [83]. No dose escalation was done in 

this study, since toxicity most likely is not linked to the number of 

DCs administered. It is possible that the efficiency of the vaccine 

is better with more DCs in each vaccine. The limitation in the 

number of DC cells is related to the in vitro generation from 

PBMC; some patients have many PBMCs, while others have a 

limited amount, and there is even variability of the subgroup of 

DCs in such patients. 

 Limitations in the phase II trial are primarily the limited 

number of included patients. The study is well proportioned as a 

“proof-of-principle” trial [117], including tests for toxicity and 

vaccine activity, but far from sufficient to determine efficacy of 

the treatment. Controlled phase III studies are needed to study 

efficacy. The main objective of a “proof-of-principle” trial is, apart 

from safety-analysis, induction of biological activity in terms of 

clinical or immunological responses [117]. We have in our phase II 

study shown a clinical benefit rate of 24% (SD achieved in four out 

of 17 evaluable patients). We have also shown that the DC vac-

cine induced immunologic responses with polarization towards a 

Th1 response. A limiting factor in the analysis of responding pa-

tients is the complete lack of patients achieving PR or CR, even 

though this should not always be expected in “proof-of-principle” 

trials [117], particularly not in patients, who have received all 

known therapy before inclusion in the present protocol. It is 

questionable whether the four patients achieving SD did so as a 

consequence of treatment with the DC based vaccines or merely 

as a fact of slow progressing disease. Three of the four patients 

graded with SD had on the evaluation CT-scans minor increases in 

the sum of the longest diameters of the tumors. Two of these 

patients were at the following CT-scan graded with PD. Theoreti-

cally these two patients are suspected to having slow growing 

disease, but objectively it seems the slow progression in tumor-

size is slower during the first five vaccine cycles than during the 

last five vaccine cycles, where new metastases are diagnosed 

(table 2). One patient had a minor decrease in tumor-size and 

remained with this lower tumor-mass throughout the study pe-

riod. The fact that all of the patients had end-stage disease, had 

relapsed or progressed on previous therapies, and had no further 
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indication for conventional oncological or surgical therapies argue 

for that the SD was induced by the vaccine. It is noteworthy that 

the patients’ quality of life remained high during treatment. Most 

of the patients were able to maintain their daily activities and a 

large proportion of them were still working. 

CONCLUSIONS AND FUTURE PERSPECTIVES 

The objective of this Ph.D.-study was to establish and perform a 

clinical trial, testing a DC based cancer vaccine in patients with 

advanced CRC. In conclusion the results have shown that: 

• Treatment with our DC based cancer vaccine was non-toxic 

and safe. 

• Four patients (24%) achieved SD, and two of these remained 

stable throughout the entire study period. 

• Median survival from inclusion was 5.3 months (range 0.2-

29.2 months). 

• Quality of life remained high and stable for the parameters 

‘physical function’, ‘physical role limitation’, ‘bodily pain’, 

‘social function’, ‘emotional role limitation’, and ‘mental 

health’.  

• The DC based vaccine initiated favourable anti-cancer re-

sponses of the immune system, indicated by increases in 

TNF-α, IFN-γ, and IL-2 (Th1 response) in patients achieving 

SD. 

 Perspectives for DC based cancer vaccines in the future are 

promising, also in patients with CRC. Still, surgery is the most 

effective and the only established curative therapy of CRC. The 

future holds many challenges in treating the 20-60% of the pa-

tients with stage II-III CRC, who subsequently are relapsing  

[3,118]. Immunotherapeutic treatments need to be optimized in 

all involved processes from generation of DCs through elimination 

of cancer cells. Personalised regimens with conventional on-

cological therapy and newer immunotherapeutic agents may 

improve the efficacy of treatments. Earlier detection and predic-

tion of responding and non-responding patients may result in 

reduced rates of relapses, improved overall survival and improved 

quality of life during treatment. These advancements can only be 

achieved through more knowledge about immunological mecha-

nisms and interaction between therapeutic modalities gained 

through larger controlled clinical trials with solid clinical and 

robust immunological monitoring. 

LIST OF ABBREVIATIONS 

5-FU = 5-fluorouracil  

APC = antigen presenting cell  

BCG = Bacille Calmette-Guérin  

CR = complete response 

CRC = colorectal cancer 

CT antigens = cancer testis antigens 

CTL = cytotoxic T-lymphocyte 

DC = dendritic cell 

DMSO = dimethyl sulfoxid 

DTH = delayed type hypersensitivity 

EGFR = epidermal growth factor receptor 

ELISA = enzyme-linked immuno-sorbent assay 

ELISPOT = enzyme-linked immuno-sorbent spot 

FACS = fluorescence-activated cell sorting 

GM-CSF = granulocyte macrophage colony stimulating factor 

IL = interleukin 

IFN = interferon 

LV = leucovorin 

MCL = melanoma cell lysate 

MHC = major histocompatibility complex 

MR =mixed response 

NK = natural killer 

PD = progressive disease 

PR = partial response 

RECIST = response evaluation criteria in solid tumors 

SD = stable disease 

TA = tumor antigens 

TAA = tumor associated antigens 

TGF = transforming growth factor 

TLR = Toll Like Receptor 

TNF = tumor necroses factor 

Treg = regulatory T cell 

VEGF = vascular endothelial growth factor  

 

SUMMARY 

Colorectal cancer is with more than 4000 new cases every year 

the third most common cancer in Denmark. Metastases are most 

often found in the liver, and 20-25% of the patients have syn-

chronous metastases to the liver at time of primary diagnosis. 

Other frequent sites for metastases are lungs and lymph nodes. 

Without treatment the median survival for patients with metas-

tatic colorectal cancer is 7-9 months. Patients receiving systemic 

or regional chemotherapy now have a median survival of ap-

proximately 20 months. Up to 40% of the patients undergoing 

intended curative surgery subsequently relapse with local or 

distant disease, and approximately 80% of the relapses appear 

within the first 3 years. If the cancer metastasises, and the 

chances of radical surgery are eliminated, the prognosis is poor. 

 The aim of the present study was to evaluate the clinical 

and immunological effects of treating patients with disseminated 

colorectal cancer with a dendritic cell based cancer vaccine (Mel-

CancerVac). The vaccine consisted of dendritic cells generated 

from autologous mononuclear cells pulsed with an allogeneic 

tumor cell lysate, selected for its high expression of cancer asso-

ciated antigens. 

 A clinical phase I study evaluating tolerability and toxicity 

of the treatment was established. Six patients with progressive 

disease were included and the analysis revealed that the treat-

ment was well tolerated and not associated with toxicity. 

 A subsequent clinical phase II study evaluating the activity 

of the treatment with CT-scan based measurements of tumors 

(RECIST), self reported quality of life (SF-36), and clinical evalua-

tion was established. Out of twenty included patients with pro-

gressive disease, seventeen received intervention with the vac-

cine. Stable disease was achieved in four patients and two of 

these remained stable throughout the entire study period. Qual-

ity of life remained for most parameters included in the evalua-

tion high and stable. 

 The immunological consequences of the treatment were 

evaluated with plasma- and serum-levels of inflammatory and 

non-inflammatory markers (the following 10 cytokines: GM-CSF, 

INF-γ, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, and TNF-α, and in 

addition the inflammatory chemokines MIP-1β, Eotaxin and IP-10) 

and biomarkers CEA and TIMP-1. These analyses showed that the 

vaccine induced increasing levels of Th1 cytokines such as GM-

CSF, TNF-α, IFN-γ, and IL-2 in patients achieving stable disease. 

Patients with progressive disease had increasing levels of CEA and 

TIMP-1, while patients achieving stable disease maintained rela-

tively stable levels. 

 Conclusively, treatment with this dendritic cell based can-

cer vaccine was non-toxic and safe, clinical response in terms of 

stable disease was achieved in 24% of the patients, and the pa-
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tients maintained a high quality of life during treatment. The 

immunological analyses indicated that the treatment resulted in 

favourable anticancer responses in the patients’ immune system 

in terms of polarisation towards a Th1 dominated response po-

tentially directed against tumor cells. Since no partial or complete 

responses were observed and since the number of patients was 

relatively low these results have to be interpreted with caution. 

Moreover, phase II study designs do not lead to final conclusions 

regarding clinical efficacy, which must be validated in larger pro-

spective, randomised and controlled studies. 
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