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CD40-CD40L interaction activates DCs to become highly efficient APCs and skews the
adaptive immune response towards a Th I phenotype driving cytotoxic T cells, M1 macrophages
and natural killer cells. Furthermore, engagement of CD40L to CD40 positive cancer cells can
have direct anti-proliferative effects, induce apoptosis and increase expression of MHC and
other co-stimulatory molecules, thereby enhancing cancer cell recognition. Hence, activating
the CD40-CD40L pathway may lead to several potential anti-tumoral effects.

In this thesis we evaluated activation of the CD40-CD40L pathway in patients with solid
cancer by investigating three medicinal products administered mainly through intratumoral
injection: ADC1013 - an agonistic CD40 antibody, AdCD40L - a replication deficient
adenovirus carrying the gene for CD40L and LOAd703 - an oncolytic adenovirus carrying two
immunostimulatory genes: TMZ-CD40L and 4-1BBL.

In paper I, ADC-1013 was investigated in patients with metastatic cancer (n=23) in a phase
I trial. ADC-1013 was injected intratumorally (n=18) or intravenously (n=5).

AdCD40L was investigated in  a phase I/II study reported in paper II and III, respectively.
In one cohort (paper II), patients with metastatic malignant melanoma (n=9) were treated with
four weekly intratumoral injections with AdCD40L preceded by radiotherapy (single fraction
8 Gy) of the metastasis to subsequently be injected. Concomitant low dose cyclophosphamide
was administered before the first and fourth intratumoral injection. In another cohort (paper III),
patients with metastatic non melanoma solid cancer (n=6) were treated with the same schedule
except from radiotherapy. Paper III also reports the results of the first-ever patient treated with
AdCD40L.

In paper IV, the preliminary results of phase I of a phase I/II study investigating LOAd703
administered intratumorally at a two-week interval are presented. LOAd703 was given as an
add-on to standard-of-care chemotherapy, or with gemcitabine conditioning in patients having
received established treatments. Patients (n=9) had locally advanced or metastatic pancreatic
cancer, metastatic ovarian cancer or colorectal cancer.

We conclude that treatment with all three medicinal products was safe and tolerable. For
ADC-1013, the therapeutic ratio seemed to be more favorable for intratumoral injections into
superficial metastases compared to deep metastases. We demonstrated that AdCD40L can be
combined with radiotherapy without increasing toxicity although radiotherapy did not enhance
treatment efficacy. Further, LOAd703 was safe to combine with chemotherapy. Although the
number of patients treated in each trial was limited, and almost all patients were considered
refractory to standard treatment at inclusion, some patients seemed to benefit from treatment
which is encouraging.
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Ab Antibody 
ACT Adoptive cell transfer 
ADCC Antibody-dependent cellular cytotoxicity 
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APC Antigen presenting cell 
CD Cluster of differentiation 
CD40-L CD40 ligand 
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CRPs Complement regulatory proteins 
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FcγR Fc-gamma receptor 
FDA U.S. Food and Drug Administration 
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HR Hazard ratio 
GM-CSF Granulocyte macrophage colony-stimulating factor 
Gy Gray 
HER2 Human epidermal growth factor receptor 2 
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HMGB1 High-mobility-group box 1 
ICI Immune checkpoint inhibitor 
IDO Indoleamine dioxygenase 
IFN-β Interferon beta 
IFN-γ Interferon gamma 
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IL Interleukin 
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mAb Monoclonal antibody 
MDSC Myeloid derived suppressor cell 
MEK Mitogen-activated protein kinase 
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MIP-3β Macrophage inflammatory protein 3 beta 
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MSI Microsatellite instability 
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NKG2D Natural-killer group 2, member D 
NO Nitric oxide 
NK Natural killer cell 
OS Overall survival 
RECIST 1.1 Response Evaluation Criteria in Solid Tumours version 1.1 
PARP Poly (adenosine diphosphate-ribose) polymerase  
PD-1 Programmed cell death protein 1 
PDAC Pancreatic ductal adenocarcinoma 
PD-L1 Programmed death ligand 1 
PD-L2 Programmed death ligand 2 
PFS Progression free survival 
RCC Renal cell cancer 
ROS Reactive oxygen species 
PR Partial response 
SUVmax Maximum standardized uptake value 
TAM Tumour associated macrophage 
TBI Total body irradiation 
TCR T cell receptor 
TEAE Treatment emergent adverse event 
TGF-β Transforming growth factor beta 
Th1 T helper 1 
Th2 T helper 2 
TIL Tumour infiltrating lymphocyte 
TKI Tyrosine kinase inhibitor 
TLR Toll like receptor 
TME Tumour microenvironment 
TNF Tumour necrosis factor 
TNFR Tumour necrosis factor receptor  
TRAILR2 TNF-related apoptosis inducing ligand receptor 2 
Tregs T regulatory cells 
T-VEC Talimogene laherparepvec 
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VEGF Vascular endothelial growth factor 
VP Virus particle 
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Introduction 

In the last decade, the breakthrough for cancer immunotherapy has broadened 
the treatment landscape and improved the prognosis for many cancers. Unfor-
tunately though, so far, immunotherapy has not shown benefit for the majority 
of cancers. In addition, the majority of patients with cancers where immuno-
therapy has shown impressive results, such as melanoma, do not respond to 
this treatment. Hence, there is a great need to further develop cancer immuno-
therapies so that, hopefully in the future, more patients will benefit. This thesis 
investigated intratumoural delivery of medicinal products activating the 
CD40-CD40L pathway which has several potential anti-tumour immunologi-
cal effects.  
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Cancer immunology 

Cancer immunosurveillance and cancer immunoediting 
During the 1950s Burnet and Thomas proposed the concept of cancer immu-
nosurveillance: that the immune system can recognize and kill nascent trans-
formed cells. However, despite the presence of cancer immunosurveillance, 
tumours do develop in immunocompetent hosts [1].  

In 2002, Dunn et al launched the concept of cancer immunoediting which 
is a broader concept than cancer immunosurveillance. Cancer immunoediting 
incorporates both the host-protecting and tumour-sculpting action of the im-
mune system, that not only protects us from cancer, but also shapes the cancer 
disease. The concept of cancer immunoediting comprises three processes: 
elimination, equilibrium and escape. The elimination process embodies the 
cancer immunosurveillance concept and, if successful, may eradicate a devel-
oping tumour. In that case, the immunoediting will stop there and not proceed 
to the next phase. The equilibrium process describes the state when those can-
cer cells that have survived the elimination process enter a dynamic equilib-
rium with the immune system, a process that is thought to extend over many 
years. These cancer cells are genetically unstable and mutate frequently. The 
process results in the selective survival of tumour cells that carry mutations 
that make them less immunogenic, and therefore, more resistant to elimination 
by the immune system. The escape process leads to clinically detectable can-
cer as those cancer cells that are less sensitive to detection and/or deletion by 
the immune system begin to proliferate uncontrollably [1].  

Evading immune destruction was proposed as an emerging hallmark of 
cancer in 2011 [2].  

The cancer-immunity cycle 
The cancer-immunity cycle (Figure 1) was proposed by Chen and Mellman in 
2013 and has since gained wide recognition. It is the description of seven step-
wise events that are necessary for an anticancer immune response to cause 
effective killing of cancer cells. Step 1 is the release of neoantigens that have 
been produced by oncogenesis and the uptake of these neoantigens by den-
dritic cells (DCs). In step 2 the neoantigens taken up are presented by the DCs 
to T cells on major histocompatibility complex (MHC) class I and class II 
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molecules. Step 3 is the resulting priming and activation of effector T cell 
responses against the cancer-specific antigens in lymph nodes. At this step the 
nature of the immune response is decided by the ratio of T effector cells to T 
regulatory cells (Tregs). In step 4 activated T effector cells migrate to the tu-
mour and in step 5 these effector T cells infiltrate the tumour. In step 6 the T 
cell receptor (TCR) on the T effector cells recognize and bind to cancer cells 
that display their cognate antigen on MHC class I and finally, in step 7, the 
effector T cell kills the cancer cell that it has bound to. Each step of the cycle 
is associated with both stimulatory and inhibitory factors which are central for 
the outcome of each step; promotion of immunity versus reduction of immune 
activity and/or prevention of autoimmunity. One of the key principles of the 
cancer immunity cycle is the assumption that step 7, the killing of cancer cells, 
causes the release of more cancer-associated antigens that will broaden and 
increase the response in subsequent cycles thereby making it self-propagating 
[3].  

The cancer immunity cycle may be dysfunctional at any stage in cancer 
patients; e.g. cancer antigens may not be detected, the cancer antigens may be 
treated as self-antigens by DCs and T cells leading to a dominant T regulatory 
response instead of a T effector response. Moreover, T effector cells may not 
traffic to the tumour and may have difficulties entering the tumour or may be 
suppressed by factors in the tumour microenvironment (TME) [3].  

Chen and Mellman suggest that initiating or reinitiating a self-sustaining 
cycle of cancer immunity should be the goal of immunotherapy in a cancer 
patient while still avoiding uncontrolled autoimmunity. Hence, optimally the 
rate-limiting step of the cancer immunity cycle should be identified in each 
cancer patient and then targeted [3].  
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Figure 1. The cancer-immunity cycle with its seven stepwise events illustrated. Ab-
breviations: APCs = antigen presenting cells, CTLs = cytotoxic T lymphocytes. Re-
printed from the article “Oncology meets Immunology: The Cancer-Immunity Cy-
cle” [3] with kind permission from publisher.  

Immune inflammatory cells in the tumour 
microenvironment 
Tumours can be seen as incredibly complex organs comprised of several indi-
vidual specialized cell types in addition to the malignant cells. The interaction 
between the malignant and nonmalignant cells (cells from the immune system, 
tumour vasculature and lymphatics, fibroblasts, pericytes and sometimes adi-
pocytes) comprise the TME [2, 4].  

Leucocytes in the TME can be both tumour-antagonizing and tumour-pro-
moting [2]. The presence of antigen-experienced cluster of differentiation 
(CD) 8+ memory T cells that can kill cancer cells have been shown to strongly 
correlate to a favorable prognosis as do the presence of CD4+ T helper 1 (Th1) 
cells that produce the cytokines interleukin-2 (IL-2) and interferon gamma 
(IFN-γ) [4].  

Two other types of CD4+ T cells are thought to encourage tumour growth: 
T helper 2 (Th2) cells that produce IL-4, IL5 and IL-13 supporting B-cell re-
sponses and Th17 cells that produce IL-17A, IL-17F, IL-21 and IL-22 and 
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support antimicrobial tissue inflammation. However, in certain cancers these 
cells have conversely been associated with better outcome [4].  

Another CD4+ T cell is the Treg that also express CD25 and forkhead box 
P3 (FoxP3) [4]. T regulatory cells suppress many physiological and patholog-
ical immune responses and are essential to maintain tolerance to self-antigens, 
thereby avoiding autoimmunity [5]. They can produce IL-10 and transforming 
growth factor beta (TGF-β) which are immunosuppressive, and they directly 
promote tumour growth by inhibiting recognition and killing of cancer cells 
by other leukocytes by direct cell-to-cell contact through cytotoxic T-lympho-
cyte antigen 4 (CTLA-4) [4]. Hence, it is not surprising that there is a positive 
correlation between high numbers of Tregs in the TME and worse prognosis 
for many, but not all, cancers [4].  

Natural killer (NK) cells and natural killer T cells are innate cytotoxic lym-
phocytes found in the tumour stroma but not in direct contact with cancer cells. 
Some studies have reported that NK cells in the TME can have an anergic 
phenotype induced by TGF-β produced by cancer cells. Regardless of this ob-
servation, their presence appear to predict good prognosis for many cancers 
[4].  

Macrophages have a functional plasticity and can be both immunostimula-
tory and immunosuppressive. This concept can be simplified by describing 
two extreme phenotypes with functionally distinct features; M1 and M2 mac-
rophages. Toll-like receptor (TLR) ligands, such as bacterial products, and 
Th1 cytokines, such as IFN-γ, stimulate the differentiation of M1 macro-
phages whereas Th2 cytokines, such as IL-4 and IL-13, stimulates M2 differ-
entiation. M1 macrophages activate the adaptive immune response by produc-
ing inflammatory and immunostimulating cytokines, by secreting reactive ox-
ygen species (ROS) and may have cytotoxic activity to transformed cells. M2 
macrophages, on the other hand, have a high activity of scavenging of dam-
aged tissue, suppress adaptive immune responses and promote angiogenesis. 
Tumour-associated macrophages (TAMs) present in the TME of established 
tumours resemble the M2 phenotype where they produce growth factors and 
cytokines such as epithelial growth factor (EGF) and IL-6 that promote the 
proliferation of cancer cells and increase their resistance to apoptotic stimuli. 
Moreover, TAMs degrade the extracellular matrix with proteolytic enzymes 
and this is used by the cancer cells for local invasion, vessel penetration and 
distant spread. Tumour-associated macrophages also promote tumour angio-
genesis via angiogenic factors such as vascular endothelial growth factor 
(VEGF), suppress the adaptive immune response against tumour cells by pro-
duction of IL-10 and TGF-β and recruit Tregs by secretion of certain chemo-
kines. In most cancers TAMs are associated with poor prognosis [6].  

Myeloid-derived suppressor cells (MDSCs) are a heterogeneous group of 
immature myeloid cells. These cells are immune inhibitory and suppress both 
innate and adaptive immunity through several mechanisms. One mechanism 
is mediated though depleting the local environment of amino acids necessary 
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for T cell activation and/or proliferation. Other mechanisms are to induce 
apoptosis of T cells, inhibit peptide recognition by T cells and inhibiting acti-
vation of T cells by secretion of nitric oxide (NO), peroxynitrite and ROS. 
Myeloid-derived suppressor cells also induce Tregs and impair the trafficking 
of T cells to draining lymph nodes. In addition, MDSC interact with other cells 
in the TME such as macrophages and subvert them towards a M2 profile [7]. 

Intratumoural DCs in the TME are thought be dysfunctional and unable to 
process and present antigens and thereby initiate an immune response to tu-
mour-associated antigens. The environment in the TME, which is hypoxic and 
inflammatory, contributes to the dysfunction of DCs [4].  

In summary, Tregs, macrophages and MDSCs are key sources to many of 
the inhibitory factors in the cancer-immunity cycle and it has been suggested 
that immunosuppression in the TME is a common rate-limiting step in the 
cancer-immunity cycle [3].  
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Aspects of cancer immunotherapy of 
importance to this thesis 

Intratumoural immunotherapy 
The first documented successful immunotherapy was carried out by the Amer-
ican surgeon Dr Coley. It was carried out by intratumoural injections of cancer 
tumours with live bacteria and bacterial products and was reported by Dr 
Coley as early as 1893. Although intratumoural immunotherapy is delivered 
locally, its aim is to generate a systemic anti-tumour effect, and there are many 
compelling advantages of this approach.  

Intratumoural immunotherapy utilizes the injected tumour as its own vac-
cine by causing an immune mediated anti-tumour response against cancer cell 
antigens. This approach allows generation of an antitumour immune response 
against all cancer cell sub-clones within the injected lesion. Injecting several 
lesions within the same patient may also overcome heterogeneity between dif-
ferent cancer lesions. Intratumoural immunotherapy can generate both a T-
cell and B-cell anti-tumour response. Moreover, intratumoural administration 
allows high concentration of the immune-stimulatory drug injected locally, 
while exposure to the drug systemically is low, thereby reducing the risk of 
side-effects. As a consequence, this approach may also facilitate combining 
multiple immune-stimulating drugs which are not possible to combine sys-
temically due to toxicity. Combining different immune-stimulatory drugs may 
convert patients who are non-responders to single immune-stimulating drug 
treatment to responders [8]. 

Antibody treatment of cancer 
Antibodies (Abs) have been established as an important strategy in the treat-
ment of solid cancers as well as of hematological malignancies. The first suc-
cessful Abs in the treatment of cancer patients were the CD20 antibody ritux-
imab (Mabthera®) and the human epidermal growth factor receptor 2 (HER2) 
targeting antibody trastuzumab (Herceptin®) [9].  

Several mechanisms can cause monoclonal antibody (mAb) mediated tu-
mour cell killing [10]. Direct action of a mAb can kill a cancer cell through 
for example receptor blockage or agonist activity and for conjugate Abs 
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through the delivery of a payload such as a cytotoxic drug or radioisotope to 
the cancer cell. Cetuximab (Erbitux®), which binds to epidermal growth factor 
receptor (EGFR), and trastuzumab, which binds to HER2, are examples of 
Abs that kill cancer cells through direct action by abrogating tumour cell sig-
naling [10]. Conjugate Abs may also cause killing of neighboring antigen-
negative cells by bystander killing [11]. Another way in which mAbs can 
cause cancer cell death is through immune-mediated cell killing mechanisms. 
These mechanisms include induction of antibody-dependent phagocytosis 
(ADP), complement-dependent cytotoxicity (CDC) and antibody-dependent 
cellular cytotoxicity (ADCC). For ADP, CDC and ADCC the fragment crys-
tallizable (Fc) function of the antibody is of particular importance as it binds 
to Fc receptors on NK cells, macrophages and neutrophils [9]. The antibodies 
most effective in mediating ADP, CDC and ADCC are of the immunoglobulin 
(Ig) G1 subclass [9, 10]. The main mechanism of rituximab is through binding 
to CD20 and inducing ADCC. Cetuximab and trastuzumab can also mediate 
ADCC in addition to receptor blockage mentioned above. An Ab can also 
cause tumour cell killing by targeting the vascular and stromal cells of the 
tumour. An example of an Ab using this mechanism is bevacizumab (Avas-
tin®) targeting VEGF-A which supports the formation of new microvascula-
ture [10]. Other mAbs can cause immune modulation of T cell function. Cross-
presentation is the ability of DCs to present exogenous antigens on MHC class 
I which is essential for activation of CD8+ T cells against these antigens. An 
Ab can mediate cross-presentation of antigen to DCs thereby causing T cell 
activation. Another mechanism is through blockage of inhibitory receptors on 
T-cells, such as ipilimumab (Yervoy®), that blocks cytotoxic T lymphocyte-
associated antigen 4 (CTLA4) [10] as well as mAbs blocking the interaction 
between programmed cell death protein 1 (PD-1) receptor and its ligands [9]. 
Treatment with immune checkpoint inhibitors (ICIs) has revolutionized the 
treatment for some malignancies and the ICIs approved in Sweden to date, 
their respective target and indications are listed in Table 1. The table also lists 
some of the clinical trials with ICIs referred to later in this thesis.  
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Table 1. Checkpoint inhibitors approved to date in Sweden and their respective tar-
get and indications. The table also lists clinical trials with ICIs referred to in this 
thesis. 

ICI Target 
Approved in-

dications 
Clinical trials referred to in 

thesis 
Clinical trial 

setting 

Ipilimumab  

(Yervoy®) 
CTLA-4 

MM1 

 

NCT00094653 [12]  
NCT 00324155 [13] 
NCT01866319 , Keynote 006 
[14, 15] 
NCT018444505, CheckMate 067 
[16-18] 
NCT02714218, CheckMate 511 
[19] 

Advanced 

NCT00636168 [20] Adjuvant 

NCT02977052 [21, 22] Neoadjuvant 

RCC1 NCT02231749, CheckMate 214 
[23] 

Advanced 

Lung cancer, 
pleural meso-

thelioma1 
- 

Cemiplimab 

(Libtayo®) 
PD-1 

Squamous cell 
skin cancer1 - 

Nivolumab 

(Opdivo®) 

 
 

PD-1 

MM2 

NCT01721746, CheckMate 037 
[24, 25] 
NCT01721772, CheckMate 066 
[26, 27] 
NCT018444505, CheckMate 067 
[16-18] 
NCT02714218, CheckMate 511 
[19] 

Advanced 

NCT02388906, CheckMate 238 
[28, 29] 

Adjuvant 

NCT02977052 [21, 22] Neoadjuvant 

RCC1 

NCT01668784, CheckMate 025 
[30] 
NCT02231749, CheckMate 214 
[23] 
NCT03141177, CheckMate 9ER 
[31] 

Advanced 

Urothelial can-
cer, Hodgkin’s 

lymphoma, 
lung cancer, 

squamous cell 
carcinoma of 
the head and 
neck, pleural 

mesothelioma, 
squamous cell 
oesophageal 

cancer1 

- 
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Pembrolizumab 

(Keytruda®) 

 
 

PD-1 

MM2 

NCT01704287, KEYNOTE-002 
[32] 
NCT01866319 , KEYNOTE-006 
[14, 15] 

Advanced 

NCT02362594, Keynote 054 [33, 
34] 

Adjuvant 

RCC1 NTC02853331, Keynote 426 [35] Advanced 

CRC1 NCT02563002, Keynote 177 [36] Advanced 

Urothelial can-
cer, Hodgkin’s 

lymphoma, 
lung cancer, 

squamous cell 
carcinoma of 
the head and 

neck1 

- 

Atezolizumab 

(Tecentriq®) 
 

PD-L1 

Urothelial can-
cer, lung can-

cer, triple-nega-
tive breast can-

cer1 

- 

Avelumab 

(Bavencio®) 
PD-L1 

RCC1 NCT02684006, JAVELIN Renal 
101 [37] 

Advanced 

Merkel cell car-
cinoma, urothe-

lial cancer1 
- 

Durvalumab 

(Imfinzi®) 
PD-L1 Lung cancer1 - 

1Approved for treatment of advanced disease 
2Approved for both adjuvant treatment and for treatment of advanced disease. 
Abbreviations: CRC = colorectal cancer, CTLA-4 = cytotoxic T-lymphocyte antigen 4, MM = malignant melanoma, 
PD-L1 = programmed death ligand 1, RCC = renal cell cancer. 

Oncolytic viruses 
Oncolytic viruses selectively infect and kill cancer cells. There are many vi-
ruses used for developing oncolytic virus therapeutics. Adenovirus serotype 5 
is a commonly used backbone for oncolytic viruses as adenoviruses can infect 
cells regardless of division status and does not integrate its genome into the 
host cell genome. Infection of tumour cells is mediated through attachment of 
the virus to receptors on the cell surface. Which receptor the virus interacts 
with depends on the serotype of the virus. After being internalized, transcrip-
tion of viral DNA starts in the nucleus leading to the production of thousands 
of viral progeny and eventually disruption of the cell membrane. The newly 
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formed released viruses then go on to infect new cells and this cycle continues 
until the immune system clears the virus. This process leads to immunologic 
cell death of cancer cells with release of danger-associated molecular patterns 
(DAMPs) and pathogen-associated molecular patterns (PAMPs) which acti-
vate nearby DCs and upregulate their costimulatory molecules such as CD80 
and CD86. The ongoing viral infection will attract T cells to the tumour and 
the mature DCs will process debris from dead tumour cells and present both 
tumour-associated and viral antigens to local and distant T cells. Moreover, B 
cells become activated by CD4+ T cells or by interaction between the B-cell 
receptor and virus. The activated B cells release neutralizing antibodies which 
can mark infected cells for destruction by NK cells through ADCC or by phag-
ocytosis by M1 macrophages. The viral infection also leads to upregulation of 
MHC-class I in cancer cells, thus increasing their recognition by CD8+ T cells 
[38].  

Clinical trials with oncolytic viruses have shown that they have modest ac-
tivity on their own. One approach for enhancing the efficacy of oncolytic vi-
ruses is insertion of immunostimulatory transgenes into the genome. To date, 
one oncolytic virus has been approved by the FDA (U.S. Food & Drug Ad-
ministration) and European Medicines Agency (EMA): Talimogene la-
herparepvec (Imlygic®) which is further described later in this thesis [38].  

Immunological effects of radiotherapy 
Radiotherapy has the capacity to elicit a systemic immune response against 
cancer cells, and evidence shows that this can be augmented if radiotherapy is 
combined with immunotherapies. The abscopal effect is the ability of radia-
tion-induced tumour-specific T cells to reject metastatic lesions outside the 
field irradiated. This phenomenon is rare in patients treated with radiation only 
but has been seen more frequently when combining radiation with immuno-
therapy [39].  

The possible mechanisms behind a tumour specific systemic immune re-
sponse through radiotherapy are multiple. The direct effects on cancer cells 
include release of tumour specific antigens which can be taken up by DCs and 
presented to T cells leading to a T cell-mediated immune response [40]. Radi-
otherapy can also cause increased expression of MHC class I molecules on 
cancer cells, thus counteracting the downregulation of MHC class I often uti-
lized by cancer cells to remain undetected by the immune system [39, 40]. 
Radiation may also activate the production of proteins synthesized in response 
to DNA damage and as a consequence novel peptides within the cancer cell 
are generated which can be presented on MHC class I [39]. Another plausible 
mechanism by which radiation can enhance tumour cell killing is by activation 
of cross-presentation. Animal studies have shown that radiation can trigger 
cancer cell production of interferon beta (IFN-β), which in turn increases 
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cross-presentation by tumour-infiltrating DCs [41]. Cross-presentation can 
also be increased by release of the soluble danger signal high-mobility-group 
box 1 (HMGB1) alarmin protein from dying tumour cells [42]. Furthermore, 
radiation can activate other cell surface receptors often downregulated by can-
cer cells such as Fas, which is a receptor for T cell-mediated killing [40]. Ra-
diation has also been shown to cause upregulation of natural-killer group 2, 
member D (NKG2D) ligands in cancer cells, thus facilitating NK cell-medi-
ated death [39]. In addition, radiation may enhance the effect of granzyme-
induced apoptosis of cancer cells by NK cells by inducing mitochondrial re-
lease of second mitochondria-derived activator of caspases (Smac) in cancer 
cells. Smac neutralize cytosolic X-linked inhibitor of apoptosis protein 
(XIAP), which hinders the cancer cell from escaping apoptosis by binding 
XIAP to caspase-3 [39, 43]. Furthermore, radiotherapy can also affect the 
TME by inducing expression of adhesion molecules on vascular endothelial 
cells. Adhesion and migration of leukocytes through the endothelium, as well 
as infiltration of T cells into the TME by increased expression of chemokines 
and increased vascular permeability, are thereby facilitated [40].  

However, it is important to note that radiation also can have immunosup-
pressive effects. These include upregulation of growth factors and chemokines 
that induce MDSCs and M2 macrophages. Moreover, radiation may promote 
tumour infiltration of MDSCs and Tregs through upregulation of hypoxia-in-
ducible factor 1 (HIF1) and as a consequence VEGF. T regulatory cells have 
also been shown to be less sensitive to radiotherapy compared to other T cells 
and hence the ratio of Tregs to other T cells may increase after radiation. Ra-
diation may also cause the release of TGF-β which inhibits activation of DCs.  
Cancer cells has also been shown to upregulate the expression of programmed 
death ligand 1 (PD-L1) to protect themselves as a response to IFN-γ produced 
by radiation induced tumour-specific T cells [39].  

In a given tumour model, different radiation dose and fractionation regi-
mens are not equally effective in eliciting an anti-tumour immune response. 
However, studies have not shown a consistency as to which regimen is optimal 
[39, 40]. The answer to the optimal radiation regimen combined with immu-
notherapy has to be explored in site-and tumour type-specific clinical trials 
[40].  

Conditioning chemotherapy 
The aim of conditioning chemotherapy during treatment with immunotherapy 
is to decrease immune inhibitory cells that may otherwise hamper the intended 
immune activation [44].  

Cyclophosphamide is a nitrogen mustard alkylating agent. In 1986, a study 
including 19 patients with metastatic MM in which the patients were treated 
with autologous melanoma cell vaccine alone or after preconditioning with 
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low dose cyclophosphamide (300 mg/m2 intravenously) showed increased de-
layed hypersensitivity reactions after preconditioning [5, 45]. Another study 
in which nine patients with metastatic solid cancer resistant to established 
therapies were treated with metronomic cyclophosphamide (50 mg orally 
twice daily every other week) showed that this regimen selectively reduced 
the number of Tregs while other lymphocyte subtypes were preserved both in 
number and function. In addition, T cell and NK cell functions were enhanced 
when the suppressing activity of Tregs was diminished leading to restoration 
of peripheral T cell proliferation and innate killing. This effect, however, 
seems to be highly dose-dependent as another similar trial where cyclophos-
phamide was given at 200 mg/day showed a profound reduction of all lym-
phocyte subpopulations and decreased T cell and NK cell function [5, 46].   

Gemcitabine is a nucleoside analogue chemotherapeutic agent which re-
places cytidine during DNA replication leading to growth arrest and apoptosis. 
Gemcitabine has been shown to reduce immunosuppressive cell populations 
and decrease TGFβ while leaving the function of T effector cells intact [47].  
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Immunotherapy in the different solid cancer 
types investigated in this thesis  

Malignant melanoma 
Cutaneous melanoma 
Malignant melanoma (MM) only represents 1% of all skin cancers but is by 
far the one responsible for most deaths [48]. In its early stage MM is often 
cured by surgery, but once the disease has metastasized the prognosis is poor. 
However, survival has improved considerably with more recently introduced 
treatments, i.e. BRAF and mitogen-activated protein kinase (MEK) inhibitors 
and CTLA-4, PD-1 and PD-L1 checkpoint blockage antibodies. BRAFv600 mu-
tation can be found in approximately 40-50% of all MM and only patients with 
this mutation have benefit from treatment with BRAF and MEK inhibitors. 
However, immunotherapies are an option for all patients regardless of 
BRAFv600 mutational status [49].  

Malignant melanoma is for several reasons considered a model for under-
standing immunity to cancer. Tumour-associated antigens are antigens that 
can be expressed in low levels by non-malignant cells but are over-expressed 
in malignant cells [50]. Tumour-associated antigens were early identified and 
classified in MM. They can be subdivided into differentiation antigens: e.g. 
gp100 that is present on both normal and malignant cells derived from mela-
nocytes, and cancer testis antigens: e.g. melanoma antigen-1 (MAGE-1) and 
NYO-ESO-1 that are found on different tumours but not on normal cells ex-
cept the testis and placenta [51]. Tumour-associated neoantigens are antigens 
encoded by tumour-specific mutated genes and these have predominantly 
been found in MM patients, which is probably explained by the high muta-
tional burden in MM [50]. The median numbers of somatic mutations in dif-
ferent cancer types are illustrated in Figure 2. Moreover, in patients with MM 
there are numerous melanoma-specific antibodies and functional lymphocytes 
present systemically [5]. It is also known that primary MMs occasionally re-
gress spontaneously and this is thought to occur secondary to effective im-
mune activation against melanoma cells as infiltrating CD8+ and CD4+ lym-
phocytes have been seen in regressing melanomas. In addition, the autoim-
mune skin disorder vitiligo, which is associated with antibodies against mela-
nocyte differentiation antigens, has been associated with an anti-tumour 
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response when observed in patients with MM. In patients receiving immuno-
therapy for MM, vitiligo is not uncommonly seen and seems to be correspond-
ing to a better response to treatment and longer survival [51]. Tumour infil-
trating lymphocytes (TILs) are associated with improved survival in patients 
with MM [48]. Compared to age-matched healthy controls, patients with met-
astatic MM have a higher number of peripheral Tregs. T regulatory lympho-
cytes are also present in high numbers in the TME in both primary and meta-
static lesions. These Tregs can recognize a wide range of melanoma-associ-
ated antigens and inhibit T cell responses at the tumour site in an antigen non-
specific manner, hence being able to suppress immune responses against a 
range of tumour antigens [5].  

Different immunotherapies have been and are currently used in the treat-
ment of metastatic MM. 

 
Figure 2. The prevalence of somatic mutations across different cancer types where 
every dot represents a sample and the horizontal lines the median number of muta-
tions in each cancer type respectively. Abbreviations: ALL = acute lymphocytic leu-
kemia, AML = acute myeloid leukemia, CLL = chronic lymphocytic leukemia. Re-
printed from the article “Signatures of mutational processes in human cancer” [52] 
with kind permission from publisher.   

Interleukin-2 
Treatment with the cytokine IL-2 was approved by the FDA in 1998 for met-
astatic MM [48]. A meta-analysis was published in 2017 which included 34 
studies with IL-2 alone and in combination with other agents. For all IL-2 
treatment modalities collectively, complete response (CR) was reported in 4% 
of patients, partial response (PR) in 12.5% and overall response in 19.7%. The 
highest CR rate reported was 5% when IL-2 was combined with vaccine. 
There was no difference in CR rates between intermediate and high dosing of 
IL-2 [53]. Today, IL-2 treatment is still used in clinical trials in combination 
with other agents [48]. 
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Glycoprotein gp100 – a cancer vaccine 
The glycoprotein gp100 is expressed by cells derived of melanocytic lineage 
which include melanoma cells, normal melanocytes and pigmented retinal 
cells, but is not expressed in other tissues [54]. Vaccination with gp100 has 
been shown to result in high levels of circulating T cells with the ability to kill 
melanoma cells in vitro. The rationale behind combined treatment with gp100 
and IL-2 is that IL-2 can activate these T-cells and act synergistically together. 
An important limitation of gp100 is that patients need to be human leukocyte 
antigen (HLA)*A0201-positive to allow presentation of the peptide vaccine 
to T cells, and hence this treatment is not eligible to all. The results of a ran-
domized phase III trial, in which IL-2 alone was tested against gp100 peptide 
vaccine in combination with IL-2, was reported in 2011. Almost 500 patients 
had to undergo HLA testing to enroll 185 patients who were HLA*A0201-
positive. Overall clinical response was significantly higher in the combination 
group (16%) compared to the IL-2 only group (6%). Median overall survival 
(OS) was longer in the combination group, but failed to be statistically signif-
icant (17.8 months vs 11.1 months, p = 0.06) [55]. However, gp100 failed to 
improve survival in a much larger randomized trial in which patients were 
assigned to ipilimumab + MHC class I peptides of gp100, ipilimumab alone 
and gp100 alone (this study is further commented in the section immune 
checkpoint inhibitors) [12]. There are ongoing clinical trials with gp100 alone 
and in combination with other therapies [48].  

Adoptive T-cell transfer  
Adoptive cell transfer (ACT) is the ex-vivo isolation of tumour-reactive lym-
phocytes and the activation and expansion of these cells before re-infusion in 
the autologous tumour-bearing host [44]. The most established form of ACT 
therapy in patients with metastatic MM is with TILs [56]. Tumour  infiltrating 
lymphocytes from a MM metastatic lesion are an enriched source of tumour-
antigen reactive cells [57]. Previous experience has shown that the anti-tu-
mour effect of this treatment can be enhanced by prior nonmyeloablative lym-
phodepleting chemotherapy by increasing the persistence of infused cells. 
Moreover, studies in mice demonstrated that the effect of adoptive cell trans-
fer was in direct relation to the magnitude of lymphodepletion, and lym-
phodepletion can be further enhanced by the addition of total body irradiation 
(TBI) to the lymphodepleting regimen [58]. Ninety-three patients with meta-
static MM where threated in three sequential trials with adoptive transfer of 
autologous TILs together with high dose IL-2 after preconditioning with a 
lymphodepleting regimen with chemotherapy (cyclophosphamide and fludar-
abine) only (n = 43) or with the addition of TBI (n = 50). Total body irradiation 
was either given with 2 gray (Gy) (n = 25) or 12 Gy (n = 25) before cell infu-
sion. Patients receiving TBI were infused with autologous CD34+ hematopoi-
etic stem cells 1-2 days after TIL infusion. The objective response rate for 
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lymphodepleting chemotherapy alone was 49% which increased to 52% with 
2 Gy TBI and 72% with 12 Gy TBI and the CR rate was 12%, 20% and 40 % 
respectively. Twenty patients (22%) experienced a CR, and 19 of these pa-
tients had ongoing CR beyond 3 years. The difference in overall response rate 
failed to be statistically significant (p = 0.08) but a statistically significant cor-
relation could be seen between CR and increasing dose of TBI [58].  

When taking several individual studies into account, 40-50% objective re-
sponses and 10-25% of CRs were reported. Moreover, CRs are often reported 
as durable which is indicative of possible cure in these patients. The treatment 
has been associated with severe adverse events (AEs) that are in large second-
ary to the preconditioning lymphodepleting regimens and the IL-2 treatment, 
and not due to the transferred cells themselves. Despite the very encouraging 
results, the use of ACT has so far been limited due to the complicated and 
costly process [51] in addition to the associated severe side-effects. Recently, 
research into new strategies for ACT therapy in MM includes isolation of 
genes encoding TCRs against neoantigens followed by transduction of these 
genes into T cells for therapy, and chimeric antigen receptor T cells (CAR T 
cells). Moreover, studies combining TIL-ACT with PD-1 antibodies are on-
going [56]. One example of such a study is NCT02652455 which is a pilot 
clinical trial combining PD-1 blockage (nivolumab), CD137 agonism (to ac-
celerate the growth of TILs in the laboratory) and ACT with TILs in patients 
with metastatic MM (clinicaltrials.gov).  

Oncolytic virus therapy 
Talimogene laherparepvec (T-VEC) is an oncolytic virus [48]. It is a genet-
ically modified herpes simplex virus type 1 which upon injection enters both 
normal and malignant cells, but selectively replicate in malignant cells [48, 
59, 60]. Local tumour cell death upon injection is thought to release tumour-
derived antigens [61]. The genetic modification includes insertion of the gene 
encoding human granulocyte macrophage colony-stimulating factor (GM-
CSF) which promotes DC activity and tumour antigen presentation, resulting 
in potentially greater tumour-specific T cell responses [60]. A phase III trial 
with T-VEC included over 400 patients with stage IIIb and IV MM and in-
jectable, but not operable, metastases and limited visceral disease. Patients 
were randomized 2:1 to receive intralesional T-VEC or subcutaneous GM-
CSF [59]. The primary endpoint for this study was durable response rate 
which was defined as an objective response (CR or PR) for ≥ 6 months starting 
within 12 months of therapy initiation. The durable response rate was signifi-
cantly higher in patients receiving T-VEC (16.3%) compared to GM-CSF 
(2.1%). Overall response rate was also significantly higher in the T-VEC 
group (26.4% vs 5.7%). Complete responses were seen in 10.8% of patients 
receiving T-VEC, compared to <1% of patients receiving GM-CSF [59]. 
Sixty-four percent of injected lesions, 34% of non-injected non-visceral le-
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sions and 15% of visceral lesions decreased in size by ≥ 50%. Complete re-
sponse were reached in 47% of injected lesions, 22% of non-injected non-
visceral lesions and 9% of visceral lesions. Interestingly, 48% of patients with 
durable response experienced progression prior to response [61]. Median OS 
was higher in the T-VEC group (23.3 months vs 18.9 months), but failed to 
be statistically significant (p = 0.051). Median OS for patients with stage IIIB, 
IIIC and IVM1a was 41.1 months with T-VEC compared to 21.5 months with 
GM-CSF. However, for patients with stage IVM1b and IVM1c disease, me-
dian OS was 13.4 months for T-VEC and 15.9 months with GM-CSF [60]. 
Adverse events were not severe [59]. This trial led to the approval of T-VEC 
for the treatment of MM in 2015 for patients with unresectable cutaneous, 
subcutaneous and nodal metastases only as it has not shown to improve sur-
vival in patients with visceral disease [60]. T-VEC is being further investi-
gated in clinical trials both alone and in combination with other therapies. 
Other oncolytic viruses are currently assessed in clinical trials too [48].   

Immune checkpoint inhibitors 
As mentioned, ipilimumab is a human mAb (IgG1) that antagonizes the inhib-
itory immune checkpoint receptor CTLA-4. CTLA-4 is expressed on activated 
T lymphocytes and has two ligands: CD80 and CD86 present on antigen pre-
senting cells (APCs). Binding of CTLA-4 to CD80 or CD86 causes inhibition 
of T cell activation at the T cell priming phase [49].  

No treatment for metastatic MM had previously shown to improve OS be-
fore the results of a randomized phase III clinical trial with ipilimumab were 
presented [12]. In 2010, Hodi et al. reported the results of this trial 
(NCT00094653) in which almost 700 patients with metastatic MM were en-
rolled and assigned to receive ipilimumab (3 mg/kg) + MHC class I peptides 
of gp100 (n=403), ipilimumab (3 mg/kg) alone (n=137) or peptides of gp100 
alone (n=136) in second line. Median OS was 10 months for patients receiving 
ipilimumab + gp100 peptides, 10.1 months for ipilimumab alone and 6.4 
months for patients receiving MHC class I peptides of gp100 alone. The study 
showed a significant effect on OS, and of special interest was the observation 
that a small group of patients seemed to obtain long-term survival. It also 
showed that treatment with ipilimumab can be associated with severe AEs: 
10-15% of patients treated with ipilimumab had a grade 3 or 4 immune-related 
AE and 14 deaths related to the study drug (2.1%), seven of which were im-
mune-related, were reported [12].  

The results of the next phase III clinical trial with ipilimumab were pub-
lished in 2011 by Robert et al (NCT00324155). This study included over 500 
patients with previously untreated metastatic MM assigned in a 1:1 ratio to 
treatment with either ipilimumab (10 mg/kg) + dacarbazine or dacarbazine + 
placebo. Overall survival was 11.2 months for patients receiving ipilimumab 
+ dacarbazine compared to 9.1 months for patients receiving only dacarbazine. 
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Long-term survivals were also significantly better for patients receiving ipili-
mumab + dacarbazine (1-year: 47.3% vs 36.3%, 2-year: 28.5% vs 17.9% and 
3-year: 20.8% vs 12.2%). Severe AEs were seen also in this study which used 
a higher dose ipilimumab compared to the previous study (10 mg/kg compared 
to 3 mg/kg): 56.3% of patients treated with ipilimumab + dacarbazine had a 
grade 3 or 4 AE compared to 27.5% of patients treated with only dacarbazine 
[13]. Ipilimumab was approved by FDA and EMA for the treatment of meta-
static MM in 2011 [51].  

As mentioned, an anti-PD-1 mAb blocks the interaction between the PD-1 
receptor and its ligands PD-L1 and programmed death ligand 2 (PD-L2). PD-
1 is expressed on activated T cells, B cells, monocytes and NK cells. PD-
L1/L2 is expressed on APCs, but also on many tumours and cells within the 
TME in response to inflammation. Binding of PD-1 by its ligands causes T 
cell inhibition. Hence, PD-1 blocking agents have an effect on the T cell ef-
fector phase [49]. The first mAb blocking PD-1 to be approved by the FDA 
was nivolumab (Opdivo®) in 2014, and shortly thereafter pembrolizumab 
(Keytruda®) was approved in 2015.  

Nivolumab was investigated in a phase III trial which included over 400 
patients with metastatic MM who had progressed on treatment with ipili-
mumab, or ipilimumab and a BRAF inhibitor if their tumours were positive 
for the BRAFv600 mutation (NCT01721746, CheckMate 037). Patients were 
randomized in a 2:1 assignment to receive either nivolumab or investigator’s 
choice of chemotherapy (dacarbazine or paclitaxel combined with car-
boplatin). The interim analysis was reported in 2015 and showed an objective 
response rate of 31.7% for nivolumab compared to 10.6% for chemotherapy 
[24]. These findings led to FDA approval of nivolumab for treatment of met-
astatic MM after progression with ipilimumab, or ipilimumab and a BRAF 
inhibitor. Updated results from this trial showed a higher overall response rate 
for nivolumab compared to chemotherapy (27% vs 10%), and longer median 
duration of response (32 months vs 13 months). However, no statistically sig-
nificant difference in OS was seen between the two groups, although this 
should be interpreted with caution as a large proportion of patients in the 
chemotherapy group received anti-PD1 agents after randomly assigned treat-
ment. In addition, a larger proportion of patient in the nivolumab group had 
poor prognostic factors such as brain metastases and increased lactate dehy-
drogenase levels at baseline compared to the chemotherapy group [25].  

Another phase III trial randomized over 400 patients with previously un-
treated metastatic MM without BRAF mutation to receive either nivolumab 
or dacarbazine (NCT01721772, CheckMate 066). The 1-year OS was 72.9% 
for patients treated with nivolumab compared to 42.1% for patients treated 
with dacarbazine and the objective response rate 40% compared to 13.9% re-
spectively [26]. Updated results showed a 3-year OS rate of 51.2% compared 
to 21.6% and a median OS of 37.5 months compared to 11.2 months for 
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nivolumab and dacarbazine respectively. Complete and partial responses were 
reported in 19% and 23.5% of patients respectively in the nivolumab group, 
compared to 1.4% and 13% of patients respectively in the dacarbazine group 
[27].  

A randomized phase II trial investigating pembrolizumab included over 
500 patients with metastatic MM who had previously received treatment with 
ipilimumab, and if BRAF mutated prior treatment with a BRAF and/or MEK 
inhibitor (NCT01704287, Keynote 002). Patients were randomized between 
low dose pembrolizumab (2 mg/kg), high dose pembrolizumab (10 mg/kg) or 
investigator-choice chemotherapy. Progression free survival was significantly 
improved in both groups receiving pembrolizumab compared to chemother-
apy [32] as was the overall response rate. This trial failed to show a statisti-
cally significant improvement in OS (median OS was 13.4 months in the pem-
brolizumab low dose group, 14.7 in the pembrolizumab high dose group and 
11 months for the chemotherapy group) which could be explained by the high 
crossover rate (58% of patients in the chemotherapy group crossed over to 
pembrolizumab) [62].  

A randomized phase III trial with pembrolizumab included over 800 pa-
tients that were ipilimumab naïve and had received up to one prior systemic 
treatment. Patients were randomized to receive pembrolizumab every 2 
weeks, pembrolizumab every 3 weeks or four doses of ipilimumab every 3 
weeks (NCT01866319, Keynote 006). The 2-year OS rate was 55% in both 
groups receiving pembrolizumab, compared to 43% in the ipilimumab group 
[14]. Median OS was 32.7 months in the combined pembrolizumab group 
compared to 15.9 months in the ipilimumab group [15].  

There is no comparing study between nivolumab and pembrolizumab, but 
the two agents are considered to be equal in their efficacy and safety profile 
(The New Therapies Council, Sweden). Nivolumab is a human mAb whereas 
pembrolizumab is a humanized mAb. Both are of the IgG4 subclass and, 
hence, uncapable of inducing ADCC. Theoretically, pembrolizumab should 
have a shorter terminal half-life since it has a higher immunogenicity being a 
humanized Ab, compared to nivolumab. However, the terminal half-life has 
been found to be very similar (22 days for pembrolizumab and 25 days for 
nivolumab). As monotherapy, the recommended dosage of nivolumab is 240 
mg every 2-weeks or 480 mg every 4-weeks, and the recommended dosage 
for pembrolizumab 200 mg every 3-weeks or 400 mg every-6 weeks. Moreo-
ver, the risk for infusion reactions is higher for chimeric and humanized Abs 
compared to fully human Abs, although this has not been the case for pem-
brolizumab compared to nivolumab.        

The results of a phase III trial combining treatment with nivolumab and ipili-
mumab were reported in 2015 (NCT018444505, CheckMate 067). This study 
randomized over 900 previously untreated patients with metastatic MM to 
nivolumab (3 mg/kg every two weeks) alone, ipilimumab (3 mg/kg every three 
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weeks for four doses) alone, or the combination (nivolumab 1 mg/kg + ipili-
mumab 3 mg/kg every three weeks for four doses followed by nivolumab 3 
mg/kg every two weeks). Median progression free survival (PFS) was 11.5 
months for combination treatment, 2.9 months for ipilimumab alone and 6.9 
months for nivolumab alone. Progression free survival was similar for patients 
with PD-L1 positive tumours treated with the combination treatment or 
nivolumab alone (14 months), but in patients with PD-L1 negative tumours 
PFS was longer with combined treatment (11.2 months) compared to 
nivolumab alone (5.3 months) [16]. The OS rate at 3 years was 58% for pa-
tients with combined treatment, 52% for nivolumab alone and 34% for ipili-
mumab alone. The rate of grade 3 and 4 treatment-related AEs was 59% for 
the combined treatment, 21% for nivolumab alone, and 28% for ipilimumab 
alone [17]. 5-year survival outcomes were reported in 2019. Median OS was 
over 60 months (median not reached) for combined treatment, 36.9 months 
for nivolumab alone and 19.9 months for ipilimumab alone. Overall survival 
at 5 years was 52% for combined treatment, 44% for nivolumab alone, and 
26% for ipilimumab alone [18].  

A later study has provided evidence that nivolumab 3 mg/kg + ipilimumab 
1 mg/kg significantly reduced the incidence of grade 3-5 treatment-related AE 
with no change in treatment efficacy compared to nivolumab 1 mg/kg + ipili-
mumab 3 mg/kg (NCT02714218, CheckMate 511) [19]. 

The effect of treatment with ICIs in the adjuvant and neoadjuvant setting has 
also been investigated.  

One phase III trial included almost 1000 patients with complete resection 
of stage III cutaneous MM (NCT00636168). Patients were randomized to re-
ceive ipilimumab 10 mg/kg (every 3 weeks for 4 doses and then every 3 
months for up to 3 years) or placebo. The results showed a higher rate of re-
currence-free survival at 5 years (40.8% compared to 30.3%), improvement in 
OS at 5 years (65.4% compared to 54.4%) and improvement in distant metas-
tasis-free survival at 5 years (48.8% compared to 38.9%) in patients treated 
with ipilimumab compared to placebo. However, the incidence of grade 3 and 
4 AE was 41.6% in patients receiving ipilimumab, and five patients died sec-
ondary to immune-related AEs [20].  

Another adjuvant trial included around 900 patients with resected stage III 
or IV MM. Patients were randomized to receive nivolumab (every 2 weeks for 
up to 1 year) or ipilimumab 10 mg/kg (every 3 weeks for 4 doses and then 
every 3 months for up to 1 year) (NCT02388906, CheckMate 238). Results 
were reported in 2017 and at a minimum of 18 months follow-up the 12-month 
rate of recurrence-free survival was 70.5% nivolumab compared to 60.8% for 
ipilimumab. The rate of grade 3 and 4 treatment-related AE was 45.9% for 
ipilimumab compared to 14.4% for nivolumab [28]. Updated results from this 
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study have shown a significant difference in the 4-year recurrence free-sur-
vival (51.7% in the nivolumab group compared to 41.2% in the ipilimumab 
group), but no significant difference between the groups in 4-year OS [29]. 

Pembrolizumab has also been investigated in a phase III trial in the adju-
vant setting (NCT02362594, Keynote 054). This trial randomized around 
1000 patients with completely resected high risk stage III MM (at least one 
lymph node metastasis >1 mm) to receive either pembrolizumab (every 3 
weeks for a total of 18 doses) or placebo. The 1-year recurrence-free survival 
was significantly higher for pembrolizumab (75.4%) compared to placebo 
(61%) [33]. At 3.5-years the distant metastasis-free survival was significantly 
higher in the pembrolizumab group (65.3%) compared to the placebo group 
(49.4%) [34]. Overall survival results have not yet been reported for this trial.  

A phase II neoadjuvant trial included 89 patients with resectable stage III MM 
involving lymph nodes only and measurable disease according to Response 
Evaluation Criteria in Solid Tumours version 1.1 (RECIST 1.1) 
(NCT02977052). Patients were randomized 1:1:1 to receive two doses of ipili-
mumab at 3 mg/kg combined with nivolumab at 1 mg/kg every 3 weeks (arm 
A), two doses of ipilimumab at 1 mg/kg combined with nivolumab 3 mg/kg 
every 3 weeks (arm B), or two doses of ipilimumab 3 mg/kg every 3 weeks 
followed by two doses of nivolumab 3 mg/kg every 2 weeks (arm C). Patients 
were planned for lymph node resection at week 6. At a median follow-up of 
7.7 months, early closure of arm C was recommended by the Data Safety 
Monitoring Board due to toxicity. Grade ≥3 immune related AEs were 40% 
in arm A, 20% in arm B and 50% in arm C within the first 12 weeks. Radio-
logical objective response rates were 63% in arm A, 57% in arm B and 35% 
in arm C. Pathological response rate (<50% of tumour cells viable) was 80%, 
77% and 65% in arm A, B and C respectively and complete pathological re-
sponses were reached in 47%, 57% and 23% of patients respectively. One 
death due to immune-related AE occurred in arm A. The conclusion from 
these results was that arm B was less toxic than arm A, that has been consid-
ered as standard from a previous phase I trial, while preserving the response 
rate and that this dosing regimen should be further evaluated in a phase III 
trial [21, 22].      

Mucosal melanoma 
0.8-3.7% of all MMs are mucosal in origin and arise on mucosal membranes 
lining the respiratory, gastrointestinal and genitourinary tract [63]. Mucosal 
melanomas have a less favorable prognosis compared to cutaneous and uveal 
melanomas [64]. There are several possible reasons for the worse prognosis: 
late diagnosis due to patient delay and the anatomic site of origin, and the fact 
that the mucosa has a rich lymphatic and vascular supply. As mucosal mela-
noma is so rare, most literature that is available regarding this disease consists 
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of case reports and case series [63]. Immunologically, it seems that mucosal 
melanomas have a less frequent expression of PD-L1 and one hypothesis is 
that they may be less immunogenic secondary to a lower mutational burden 
[63].  

In 2013, a multicenter retrospective analysis of 30 patients with mucosal mel-
anoma treated with ipilimumab concluded that the overall response rate was 
low [63]. In 2016, a case report described a patient with CR on nivolumab 
[63]. A multicenter retrospective cohort analysis including 35 patients pub-
lished in 2016 studied the efficacy of nivolumab and pembrolizumab and 
found a response rate of 23% and median PFS 3.9 months. These results are 
not as good as observed in studies in cutaneous melanoma patients [63]. A 
pooled analysis of data from clinical studies was done in 2017 to evaluate the 
efficacy of nivolumab alone, ipilimumab alone and the combination of the two 
drugs. The analysis included almost 900 patients, of which approximately 
10% had mucosal melanoma. Median PFS for patients with mucosal mela-
noma was 3.0 months for nivolumab only treatment, 5.9 months for combina-
tion treatment and 2.7 months for ipilimumab only treatment (compared to 6.2 
months, 11.7 months and 3.9 months respectively for patients with cutaneous 
melanoma). Overall response rate for patients with mucosal melanoma was 
23.3% for nivolumab only treatment, 37.1% for combination treatment and 
8.3 % for ipilimumab only treatment compared to 40.9%, 60.4% and 21.2% 
respectively for patients with cutaneous melanoma. Hence, the most efficient 
treatment was combined treatment with ipilimumab and nivolumab, but this 
combination was associated with grade 3 or 4 treatment-related AEs in about 
40% of patients [64].  

Uveal melanoma  
Uveal melanoma only represents 3-5% of all cases of MM. However, in adults 
uveal melanoma is the most common primary intraocular tumour. Uveal mel-
anoma originates from melanocytes in the choroid (85%), iris (3-5%) or the 
ciliary body (5-8%). Treatment options of a localized primary tumour include 
radiation, laser therapy or enucleation. However, approximately 50% of pa-
tients will eventually develop metastatic disease despite successful treatment 
of the primary tumour [65]. The most common site for metastatic spread is the 
liver and liver metastases are present in 95% of patients who die of the disease 
[66].  

The eye is an immune privileged site which was made evident already in 
1905 when the first successful corneal transplant was performed, long before 
anti-rejection drugs for organ transplant recipients were developed [67]. The 
immune privileged site is thought to have developed as a response to the fact 
that tissue of the eye has a very limited capacity of regeneration, and therefore, 
the risk of immune-mediated inflammation has to be reduced [66]. Several 
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mechanisms explain the immune privilege of the eye. Macromolecules and 
leukocytes are restricted to enter the eye due to a blood:ocular barrier caused 
by its unique vasculature [67]. The aqueous humor of the eye contains anti-
inflammatory and immunosuppressive cytokines such as macrophage migra-
tion inhibitory factor (MIF) and TGF-β [65, 66]. Complement regulatory pro-
teins (CRPs) that minimize injury caused by complement activation are also 
present both in the aqueous humour as well as on the membranes of cells lining 
the anterior chamber of the eye [66]. On endothelial cells inside the eye MHC 
class I is downregulated or absent, thereby protecting them from killing by 
cytotoxic T lymphocytes (CTLs) [65, 66]. The downregulation or absence of 
MCH class I makes the cells susceptible to killing by NK cells, however, this 
is inhibited by MIF and TGF-β [66] as well as the presence of MHC class Ib 
molecules on corneal endothelial cells and retinal cells that bind to an inhibi-
tory receptor on NK cells (CD94-NKG2) [66, 67]. Moreover, endothelial cells 
in the eye express several membrane bound molecules that induce T cell apop-
tosis or inhibit their proliferation: Fas ligand , PD-L1 and TNF-related apop-
tosis-inducing ligand (TRAIL) [66]. Moreover, the endothelial cells also se-
crete the enzyme indoleamine dioxygenase (IDO) which catabolizes trypto-
phan, an amino acid needed for T cell survival [65, 66]. T-regulatory activity 
is also induced by the iris and ciliary body in the eye, thereby suppressing T 
cell proliferation [65]. Tumour infiltrating lymphocytes and TAMs in primary 
uveal melanoma have both been found to be associated with decreased sur-
vival. M2 macrophages, associated with pro-angiogenic and tumour-promot-
ing properties as mentioned previously, where predominant in an analysis of 
43 primary uveal melanomas [65]. Although uveal melanoma cells which 
have metastasized are no longer in an immune privileged site, it is thought that 
these cells use many of the same strategies, often in an enhanced way, that are 
present in the eye to escape immune rejection outside the eye. It has been 
found that liver metastases of uveal melanoma produce about twice as much 
MIF compared to primary uveal melanoma cells and that they express TGF-
β2 (the isoform of TGF-β). In addition, the expression of MHC class I in one 
patient was found to be 10 times as high in liver metastases compared to the 
primary tumour. Furthermore, MIC A/B, a ligand binding to the activating 
receptor NKG2D on NK cells, was detected on 50% of primary uveal mela-
noma tumours but undetectable on the metastases tested. All these changes 
help uveal melanoma cells which have metastasized to escape NK-cell medi-
ated killing. The cytokine IFN-γ is produced by T cells and NK cells and it 
has been reported that uveal melanoma cells upregulate IDO when exposed to 
IFN-γ, thereby starving T cells of tryptophan. IFN-γ has also been shown to 
upregulate the expression of PD-L1 in uveal melanoma cell lines. Moreover, 
uveal melanoma cells express CRPs which protect them from complement-
mediated killing and it has been shown that the proinflammatory cytokine 
TNFα can upregulate the expression of CRPs on uveal melanoma cells [66].  
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As to date, no clinical trial has proven survival benefit of immunotherapy in 
adjuvant treatment of uveal melanoma. However, several trials evaluating dif-
ferent immunotherapies in the adjuvant setting are currently ongoing [65]. 

There is no standard treatment for metastatic uveal melanoma. Dacarbazine 
has showed limited efficacy, but remains a standard control arm in clinical 
trials [68]. Checkpoint inhibitors targeting CTLA-4 have been investigated in 
patients with metastatic uveal melanoma in smaller prospective studies and 
retrospective series which have shown that the activity is limited with only 
rare responses seen [65]. Similarly, anti-PD-1 and anti-PD-L1 antibodies in 
the treatment of metastatic uveal melanoma have also shown a low overall 
response rate compared to cutaneous melanoma, although occasional re-
sponses have been observed in retrospective case series [65]. A single arm 
phase II study investigated combined treatment with ipilimumab and 
nivolumab in 52 systemic treatment-naïve patients with metastatic uveal mel-
anoma. This study showed a 1-year OS of 51.9%. This result is encouraging 
although a modest increase compared to historical benchmarks of chemother-
apy (1-year OS 38.4%) [68, 69].  

An immunotherapy that has demonstrated early promising results is teben-
tafusp, which is a bispecific fusion protein comprising a high affinity TCR 
binding domain and an anti-CD3 T-cell engaging domain. Tebentafusp redi-
rects T cells, regardless of their natural specificity, to kill gp100-expressing 
cells by recognizing the gp100 peptide on HLA-A*02:01. A phase I/II trial 
with tebentafusp enrolled 84 patients with metastatic melanoma (uveal mela-
noma, n=19) resistant to standard treatment or for whom no standard treatment 
existed. A similar 1-year OS of 65% was seen in both patients with cutaneous 
melanoma and patients with uveal melanoma. Six patients in total had a PR 
and three of these patients had uveal melanoma [70]. This drug is currently 
being further investigated in patients with treatment-naïve metastatic uveal 
melanoma in a phase III trial. Eligibility criteria included HLA-A*02 status. 
The trial includes almost 400 patients randomized 2:1 to tebentafusp or inves-
tigators choice of either dacarbazine, ipilimumab or pembrolizumab. The pri-
mary endpoint is OS. The first interim analysis of this study showed that te-
bentafusp significantly prolonged OS compared to investigator’s choice, with 
a hazard ratio (HR) of 0.51 with estimated 1-year OS rate of 73.2% versus 
57.5% respectively [71]. 

Renal cell cancer 
The 2016 World Health Organization classification defines 16 different types 
of renal cell tumours. The most common subtypes are clear cell (approxi-
mately 75%) and papillary (approximately 15%). Surgery cures the majority 
of patients with localized disease, although 20% - 40% of these patients even-
tually relapse [72]. Approximately 30% of patients with renal cell cancer 
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(RCC) have metastatic disease at diagnosis [30]. Patients with advanced RCC 
are currently categorized into three different risk groups by using five prog-
nostic factors associated with shorter survival: low Karnofsky performance 
status, high serum lactate dehydrogenase, low hemoglobin, high serum cal-
cium and absence of nephrectomy. The study that established this categoriza-
tion found that patients with favorable-risk (no risk factors) had a median sur-
vival of 20 months, patients with intermediate-risk (1-2 risk factors) had a 
median OS of 10 months and patients with poor-risk (3 or more risk factors) 
had a median OS of 4 months [73].  

Renal cell cancer is resistant to chemotherapy, instead, immunotherapy has 
been more successful and used for decades. Clear-cell RCC has been seen as 
especially immunogenic and regression of metastatic lesions after nephrec-
tomy has been described [74]. Moreover, PD-L1 expression has been associ-
ated with poor prognosis in RCC patients [30]. Von Hippel-Lindau gene inac-
tivation and downstream upregulation of hypoxia-inducible factors, leading to 
overexpression of VEGF and platelet-derived growth factor (PDGF) promot-
ing angiogenesis and proliferation, is often found in clear-cell RCC. The prog-
nosis of RCC has improved with the introduction of antiangiogenic drugs, 
such as tyrosine kinase inhibitors (TKIs) targeting vascular endothelial growth 
factor receptor (VEGFR). Proangiogenic factors can have several immune 
suppressive effects. Vascular endothelial growth factor can inhibit differenti-
ation of monocytes to mature DCs and hamper differentiation of progenitor 
cells into CD8+ and CD4+ T cells. Moreover, VEGF increases the levels of 
MDSCs and Tregs and cause increased expression of PD-1 and CTLA-4 on 
immune cells. Proangiogenic factors can also limit the infiltration of immune 
cells into the tumor by inducing changes in protein expression on endothelial 
cells. They also contribute to an hypoxic environment in the tumor and one 
consequence of the hypoxic environment is polarization of macrophages to 
the M2 phenotype. Hence, antiangiogenic drugs have several potential posi-
tive immunological effects in RCC [75].  

Activity of IL-2 and IFN-α was reported in the 1980s, and IL-2 was approved 
for treatment of metastatic RCC by the FDA in 1992 [76]. High-dose IL-2 
therapy cures 5-7% of patients with metastatic RCC. However, this treatment 
is not uncommonly associated with severe side effects secondary to release of 
pro-inflammatory cytokines, and up to 4% of patients with metastatic RCC 
die as a consequence of IL-2 therapy [39].  

Treatment with IFN-α alone has an overall response rate of approximately 
7-10% and median survival of approximately 11-13 months. However, cur-
rently IFN-α is not used as monotherapy for metastatic RCC as the efficacy is 
improved when combined with bevacizumab (a mAb which targets VEGF-A 
as previously mentioned). Results from a phase III trial which included over 
700 patients with previously untreated metastatic RCC were reported in 2008 
and 2010. Patients were randomized between IFN-α alone or in combination 
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with bevacizumab. The overall response rate was 25.5% in patients receiving 
the combined treatment compared to 13.1% in patients receiving IFN-α alone, 
and median PFS was 8.5 months and 5.2 months respectively. Overall survival 
was 18.3 months and 17.4 months respectively and this difference was not 
statistically significant. Another phase III trial was reported in 2007 and 2010 
which randomized over 600 previously untreated patients with metastatic 
RCC between IFN-α + placebo and IFN-α + bevacizumab. Results were sim-
ilar to the previous trial. Median PFS was 10.2 months with IFN-α + bevaci-
zumab and 5.4 months with IFN-α + placebo. Again, the difference in OS was 
small (23.3 and 21.3 months respectively) and not statistically significant [39]. 
Combined treatment with IFN-α and bevacizumab was approved by EMA in 
2007 and by FDA in 2009 [76]. However, the combination is today used more 
and more infrequently.  

Several phase III trials have evaluated the effect of ICIs in RCC.  
The results of a phase III trial comparing nivolumab with everolimus (Af-

initor®) in patients with metastatic clear cell RCC, who had previously re-
ceived treatment with antiangiogenic therapy, was reported in 2015 
(NCT01668784, CheckMate 025). Over 800 patients were randomized 1:1. 
Overall survival was 25 months with nivolumab compared to 19.6 months 
with everolimus. The objective response rate was 25% with nivolumab com-
pared to 5% with everolimus. Grade 3 or 4 treatment-related AEs occurred in 
19% of patients treated with nivolumab compared to 37% of patients treated 
with everolimus. Benefit of treatment with nivolumab was observed irrespec-
tive of PD-L1 expression of the tumour [30]. Nivolumab was approved by the 
FDA in 2015 for the treatment of metastatic RCC after treatment with antian-
giogenetic therapy [74] and for the same indication by the EMA in 2016.  

In 2018, the results of a phase III trial comparing nivolumab + ipilimumab to 
sunitinib (Sutent®) were reported (NCT02231749, CheckMate 214). Over 
1000 patients with advanced, previously untreated, clear-cell RCC were ran-
domized 1:1. For patients with intermediate- and poor-risk, the median OS 
was not yet reached at the time the results were reported in the nivolumab + 
ipilimumab cohort and was 26 months for sunitinib. Objective response rate 
was 42% for nivolumab + ipilimumab and 27% for sunitinib and CR rate was 
9% and 1% respectively. Grade 3 or 4 AEs occurred in 46% of patients treated 
with nivolumab + ipilimumab and 63% of patients treated with sunitinib [23]. 
Updated results from this study, at a minimum of 42 months follow-up, 
showed benefit for the ipilimumab + nivolumab cohort for intermediate- and 
poor-risk patients regarding OS (HR 0.66) and PFS (HR 0.75). For favorable-
risk patients, the HR for death in the ipilimumab + nivolumab cohort was 1.19 
and the objective response rate favored sunitinib (54% compared to 28.8%). 
Duration of response was, however, longer for ipilimumab + nivolumab for 
all risk groups and CR was achieved for more patients across all risk groups 
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with ipilimumab + nivolumab [77]. The combination of nivolumab + ipili-
mumab was approved by the FDA in 2018 and EMA in 2019 as first-line treat-
ment in patients with intermediate- and poor-risk advanced RCC.  

Combining ICI with TKIs has also been investigated in several phase III clin-
ical trials.  

A phase III trial reported in 2019 randomized over 800 treatment-naïve pa-
tients with clear cell RCC to receive either pembrolizumab + axitinib (Inlyta®) 
or sunitinib (NTC02853331, Keynote 426). The first interim analysis of this 
trial showed a 1-year OS of 89.9% for pembrolizumab + axitinib compared to 
78.3% for sunitinib, a median PSF of 15.1 months compared to 11.1 months, 
and an objective response rate of 59.3% compared to 35.7% respectively. The 
benefit of pembrolizumab + axitinib treatment was independent of PD-L1 ex-
pression and observed in all risk groups [35].  

The first results of a phase III trial comparing alevumab (Bavencio®) + ax-
itinib against sunitinib only were also presented in 2019	 (NCT02684006, 
JAVELIN Renal 101). Over 800 treatment-naïve patients with advanced RCC 
were randomized 1:1. For patients with PD-L1 positive tumours (PD-L1 ≥ 1%, 
63.2%) median PFS was 13.8 months for avelumab + axitinib compared to 7.2 
months for sunitinib. For the overall study population median PFS was 13.8 
months compared to 8.4 months respectively. The objective response rate in 
PD-L1 positive patients receiving alevumab + axitinib was 55.2% compared 
to 25.2% for those receiving sunitinib [37].  

The combination of nivolumab + cabozantinib (Cabometyx®) compared to 
sunitinib has been investigated in a phase III trial including over 600 patients 
with previously untreated, advanced clear-cell RCC (NCT03141177, Check-
Mate 9ER). Median PFS was 16.6 months for nivolumab + cabozantinib com-
pared to 8.3 months for sunitinib. The objective response rate (55.7% com-
pared to 27.1%) and 1-year OS (85.7% compared to 75.6%) were both signif-
icantly better in the nivolumab + cabozantinib group. The benefit of 
nivolumab + cabozantinib was independent of risk groups and PD-L1 expres-
sion. Adverse events of any cause ≥ grade 3 were reported in 75.2% of patients 
receiving nivolumab + cabozantinib compared to 70.6% of patients receiving 
sunitinib [31].  

Ongoing phase III clinical trials combining ICIs with TKIs include 
NCT03937219 (COSMIC-313), comparing the combination of nivolumab, 
ipilimumab and cabozantinib against nivolumab and ipilimumab in previously 
untreated patients with intermediate- or poor-risk advanced RCC, and 
NCT03793166 (PDIGREE), comparing nivolumab and ipilimumab followed 
by nivolumab or followed by nivolumab in combination with cabozantinib in 
patients with previously untreated advanced RCC (clinicaltrials.gov).  
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Colorectal cancer 
The strength of the adaptive in situ immune reaction in a colon cancer tumour 
and its invasive margin has been shown to correlate strongly with time to re-
lapse and OS [78]. Immunoscore is a scoring system to summarize the density 
of CD3+ and CD8+ T cells in the tumour and at the invasive tumour margin, 
and has been validated in clinical practice for patients with stage I-III colon 
cancer. The relation between Immunoscore in the primary tumour and prog-
nosis was examined and comparison made between Immunoscore and prog-
nostic risk parameters used in the clinic today. Tissue samples from 2681 pa-
tients were included in the analyses. Risk of recurrence at 5 years was 8% for 
patients with high Immunoscore, 19% with intermediate Immunoscore and 
32% with low Immunoscore. The association between Immunoscore and time 
to relapse was independent of age, sex, T stage, N stage, microsatellite insta-
bility (MSI) and existing prognostic factors [78].  

Extensive MSI (MSI-H) is seen in approximately 15% of early-stage spo-
radic CRCs, most cases of familial CRC [39, 79] and in 5% of advanced CRC 
[39]. Cells develop MSI due to deficient DNA mismatch repair (MMR) lead-
ing to accumulation of DNA replication errors and creation of novel microsat-
ellite lengths [79]. There are several mismatch repair proteins. The most com-
mon inciting event in sporadic MSI CRC is hypermethylation of the promoter 
of the MMR protein MLH1. In Lynch syndrome (hereditary nonpolyposis co-
lon cancer (HNPCC)) there are germline mutations in non-MLH1 genes [39]. 
Microsatellite instability CRC is more frequent in females and tumours are 
most often right-sided. Moreover, the prognosis is more favorable for patients 
with MSI CRC in early-stage tumours, with decreased risk of developing met-
astatic disease. This is in contrast to metastatic MSI CRC, where data have 
shown worse median PFS and OS, compared to patients with metastatic mi-
crosatellite stable (MSS) CRC [39]. In addition, MSI CRC has been shown to 
not benefit from adjuvant fluorouracil-based chemotherapy [80]. Microsatel-
lite instability CRC is regarded as more immunogenic compared to MSS CRC. 
A consequence of the high mutational load in MSI tumours is the creation of 
many neoantigens. Compared to MSS tumours, the number of neoantigens is 
typically 10-50 times higher in MSI tumours. Studies have shown that MSI 
tumours are associated with high numbers of TILs and this may partly be due 
to the high level of neoantigens. [79]. Several immune checkpoints are upreg-
ulated in MSI-H CRC such as PD-1, PD-L1, CTLA-4, lymphocyte activation 
gene 3 (LAG-3) and metabolic immune inhibitors such as IDO and hence pro-
vide possible targets for immunotherapy [39].  

Studies with ICIs have shown responses in patients with MSI/MMR-deficient 
CRC.  

A phase II study of pembrolizumab which included 41 patients with MMR-
deficient CCR (n=11), MMR-proficient CRC (n=21) and MMR-deficient 
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non-CRC (n=9) was reported in 2015. Objective response rate was 40% for 
MMR-deficient CRC patients and 0% in MMR-proficient CRC patients and 
the rate of PFS 78% and 11% respectively [81]. Several other non-randomized 
phase II trials with ICIs in second line or later lines have shown impressive 
results in patients with MSI and/or MMR-deficient CRC with overall response 
rates of 28% - 69% and 2-year PFS rates of 37% - 60%. Treatment with pem-
brolizumab and nivolumab alone, or in combination with ipilimumab, is ap-
proved in the United States for chemotherapy resistant MSI/MMR-deficient 
metastatic CRC [82].  

A phase III trial randomized (1:1) over 300 treatment-naïve patients with 
MSI-high - MMR-deficient metastatic CRC to receive either pembrolizumab 
or chemotherapy (5-fluoruracil-based chemotherapy +/- bevacizumab or ce-
tuximab) (NCT02563002, Keynote 177). Cross-over for patients receiving 
chemotherapy to pembrolizumab was allowed. Primary end-points were PFS 
and OS. An interim analysis of this study showed a longer median PFS for 
pembrolizumab compared to chemotherapy (16.5 months compared to 8.2 
months). The safety profile also favored pembrolizumab, with fewer treat-
ment-related AE in this group compared to the chemotherapy group. Overall 
response rate was 43.8% for pembrolizumab and 33.1% for chemotherapy. 
Complete responses were 11% and 4% for pembrolizumab and chemotherapy 
respectively. Median duration of response was 10.6 months in the chemother-
apy group and not reached in the pembrolizumab group [36]. Pembrolizumab 
has been approved for first-line treatment for unresectable or metastatic MSI-
H or MMR-deficient CRC in both Europe and USA.  

Other phase III trials are currently ongoing and include investigating com-
bining PD-1 and CTLA-4 inhibition and PD-1 inhibition with chemotherapy 
[82].  

Pancreatic cancer 
Pancreatic ductal adenocarcinoma (PDAC) has a poor prognosis with a 5-year 
survival of 10% [83]. Most patients have advanced disease at diagnosis and 
less than 20% of patients are eligible for attempt at curative surgical resection 
[84]. The majority (approximately 80%-85%) of patients who undergo sur-
gery unfortunately has recurrence of the disease [6, 85], and the 5-year sur-
vival after surgical resection is only 10-20% [84].  

Up to 80% of a pancreatic tumour may comprise of desmoplastic stroma 
[84]. Activated fibroblasts, also known as stellate cells, are only found in very 
small numbers in an inactivated form in healthy pancreas. In PDAC, however, 
stellate cells become activated and produce extracellular matrix, growth fac-
tors and immune modulatory signals which promote tumor growth, invasion 
and an immunosuppressive TME. In addition, stellate cells receive stimulatory 
signals from cancer cells which generate a positive feedback loop that further 
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promotes cancer progression [86]. CD4+ T cells are prominent in the TME of 
PDAC and they are mostly Tregs. The Tregs release immunosuppressive cy-
tokines (such as TGF-β, IL-10 and IL-35) and may interact with DCs to inhibit 
the expression of costimulatory ligands vital for activation of CD8+ T cells. 
Moreover, another CD4+ subset, the T helper cells, are skewn to a Th2 profile 
in PDAC which can promote tumour tolerance. In PDAC most myeloid cells 
in the TME are TAMs and MDSCs. The infiltration of myeloid cells in PDAC 
tumours correlates to worse patient outcome. Cytokines such as IL-4, IL-10 
and IL-13 are secreted by pancreatic cancer cells and drives polarization of 
TAMs to the tumour promoting M2 phenotype. In addition, PDAC is charac-
terized by a low mutational burden and, as a consequence, few neoantigens 
[84].  

Treatment with ICIs has not had encouraging results in PDAC.  
Ipilimumab was investigated in a phase II trial which included 27 patients 

with locally advanced (n=7) and metastatic (n=20) PDAC. Only one patient 
benefitted with delayed response to treatment [87]. A phase I trial of a PD-L1 
antibody included 14 patients with PDAC with no objective responses seen in 
this patient group [88].  

Checkpoint combination therapy in PDAC has also been investigated. A 
phase II trial randomized patients with metastatic PDAC between treatment 
with the PD-L1 antibody durvalumab (Imfinzi®) only (n=32) or in combina-
tion with the CTLA-4 antibody tremelimumab (n=32). Objective response rate 
was 3.1% for combination treatment and 0% for single treatment [89].  

Nevertheless, checkpoint immunotherapy may be beneficial in a small sub-
set of patients with MMR-deficient tumours. A phase II trial investigating 
pembrolizumab in 86 patients with mixed MMR-deficient solid malignancies 
included 8 patients with PDAC. The objective response rate was 62% (CR 
n=2, PR n=3) in this patient group [81]. However, MMR-deficiency is rare in 
PDAC: one study including 883 patients found a frequency of 0.8%, and all 
patients with MMR-deficiency (n=7) had Lynch syndrome [85].  

Biliary tract cancer 
Biliary tract cancers arise in the gallbladder and bile ducts and comprise a 
heterogenous group of tumours. Bile duct cancers are also known as cholan-
giocarcinomas and can be further subdivided into extra- and intrahepatic chol-
angiocarcinoma. Biliary tract tumours are rare and represent approximately 
3% of all gastrointestinal cancers. Most patients have unresectable disease at 
diagnosis. Curative surgical resection is feasible in about 20% of patients, but 
most patients develop recurrent disease after surgery [90, 91]. The current 
standard first-line treatment for these patients is cisplatin/gemcitabine chem-
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otherapy, with a median OS of 11.7 months compared to 8.2 months for gem-
citabine alone [91]. There is no established standard second-line therapy. In 
summary, biliary tract cancer has a poor prognosis with a 5-year survival rate 
of 10% [92].  

Seventy percent of biliary tract cancers seem to be rich in immune cells and 
10-30% of these cancers also express PD-L1 on tumour cells. Presence of 
CD8+ TILs, NK cells and MHC class I expression has been associated with 
prolonged survival whereas M2 macrophages and neutrophils are associated 
with poor survival [93].  

A phase II study investigating pembrolizumab in patients with MMR-deficient 
tumours included 22 patients with cholangiocarcinoma. The overall response 
rate for these patients was 40.9% (CR n = 2, PR n = 7), median PFS 4.2 months 
and median OS 24.3 months [8, 94]. However, MMR-deficiency is rare and 
only found in 2-3% of biliary tract cancers [90].  

Nivolumab was investigated in a phase II study including 54 patients with 
biliary tract cancer who had previously received at least one line of systemic 
therapy. Forty-six patients were evaluated for radiological objective response 
and the investigator-assessed objective response rate was 22% whereas a cen-
tral independent review found an objective response rate of 11%. All patients 
who responded to treatment had MMR-proficient tumours. Median PFS was 
3.7 months and median OS 14.2 months. Tumour expression of PD-L1 ≥ 1% 
was associated with prolonged PFS [92].  

Several trials are ongoing to investigate ICIs in combination with chemo-
therapy and other agents both in the first-line setting and in latter treatment 
lines [91].  

Ovarian cancer 
When including all subtypes of epithelial ovarian cancer the 5-year survival 
rate is 47%. Cytoreductive surgery and taxane/platinum-based chemotherapy 
is the standard first-line treatment. Patients that are refractory or resistant to 
platinum-based chemotherapy has a life expectancy that does not exceed one 
year, and most patients that are sensitive to platinum-based chemotherapy (re-
lapse > 6 months after first-line treatment) will eventually relapse despite CR 
[95]. The last decade, targeted treatment with VEGF- and poly (adenosine di-
phosphate-ribose) polymerase (PARP) inhibitors has improved the prognosis 
[96].   

The presence of TILs has been shown to correlate to improved clinical out-
comes in patients with epithelial ovarian cancer. However, TILs in ovarian 
cancer tumours express multiple inhibitory receptors such as PD-1 and CTLA-
4 and seem to have impaired effector function. Moreover, when CD8+ TILs 
in ovarian cancer tumours produce the effector cytokine IFN-γ, cancer cells 
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and macrophages counteract this by upregulating the expression of PD-L1 
which leads to inhibition of PD-1 positive TILs. Immunosuppressing factors 
present in the TME of ovarian cancer tumours include VEGF, IL-6, IL-10 and 
prostaglandin E2. Moreover, increased presence of Tregs, immature myeloid 
cells and polarization of macrophages towards a M2 phenotype all contribute 
to the immunosuppressive TME [95].  

Treatment with single agent PD-1 inhibitors in ovarian cancer has been disap-
pointing. A phase II trial investigating pembrolizumab in almost 400 patients 
with advanced recurrent disease showed an overall response rate of only 8%, 
although the response rate improved to 17.1% in patients with higher PD-L1 
expression [95, 96].  

The effect of combining ICIs was investigated in 100 patients with ad-
vanced disease who had received prior treatment. Patients were randomized 
between nivolumab only or nivolumab + ipilimumab. The combined treatment 
yielded an improvement in response rate which was 31.4% for the combined 
treatment compared to 12.2% for single treatment [95, 97].  

Combining nivolumab with bevacizumab was investigated in a phase II 
trial including 38 women with relapsed disease. The overall response rate was 
28.9%, but the rate was higher (40%) among the women with platinum-sensi-
tive disease compared to the women with platinum-resistant disease (16.7%) 
and, in contrast to other studies, a better response rate was seen among patients 
with PD-L1 negative tumours [98].  

Two randomized phase III trials have investigated combining avelumab 
(Bavencio®) with chemotherapy. JAVELIN 100 included almost 1000 treat-
ment naïve women who were randomized between avelumab + platinum-
based chemotherapy and as maintenance therapy vs chemotherapy only. This 
trial was prematurely ended for futility based on the results of the interim anal-
yses [96]. JAVELIN 200 included over 500 platinum resistant patients ran-
domized between pegylated liposomal doxorubicin (Caelyx®) alone or in 
combination with avelumab. No significant differences in either PFS nor OS 
were seen [96]. Another phase III trial investigated carboplatin-paclitaxel-
bevacizumab +/- atezolizumab in 1300 women with newly diagnosed stage 
III-IV ovarian cancer. No significant difference in PFS was found, although a 
trend favoring atezolizumab was observed among patients with PL-L1 im-
mune cells ≥ 5% in a post-hoc analysis.  

Several trials investigating the combination of PARP inhibitors with ICIs 
are currently ongoing [95].  

Other immunotherapies investigated in ovarian carcinoma include cyto-
kines, cancer vaccines, TIL-ACT and engineered T cells [95]. 
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Activating the CD40 pathway as a cancer 
treatment  

CD40-CD40L 
CD40 is a type I membrane glycoprotein belonging to the tumour necrosis 
factor receptor (TNFR) superfamily and was first discovered in 1985 [99]. 
This receptor is constitutively expressed on APCs, such as DCs, B cells, mac-
rophages and monocytes, as well as platelets and non-hematopoietic cells, 
such as myofibroblasts, fibroblasts, epithelial and endothelial cells [100, 101].  

CD40 ligand (CD40L/CD154) is a type II transmembrane protein that was 
identified in 1992 [99]. CD40L is expressed on activated T cells, activated B 
cells and activated platelets. However, essential CD40L expression and func-
tion is dependent mainly on CD4+ T cells [102]. In addition, expression of 
CD40L can be induced by inflammation onto monocytic cells, NK cells, mast 
cells and basophils. A soluble form of CD40L also exists with similar, but 
weaker, activity than the transmembrane form [100] and is mainly derived 
from platelets [101].  

The intracellular signaling of CD40 upon binding its ligand leads to trimer-
ization of CD40 receptors on the cell membrane which initiate activation of 
complex intracellular signaling pathways by one of two mechanisms; either 
through Janus kinase 3 (JAK3) which in turn activates signal transducer and 
activator of transcription 5 (STAT5) mediated transcription or through TNF 
receptor-associated factors (TRAFs) that can initiate nuclear factor-kappa β, 
(NF-Kβ), mitogen-activated protein kinase (MAPK) and phosphoinositide 3-
kinase (PI3K) pathways [101]. Which intracellular pathway that is activated 
upon CD40/CD40L binding is cell-type dependent [101] and CD40/CD40L 
binding has pleiotropic effects depending on which cells that are involved [99, 
103].  

Binding of CD40/CD40L on DCs promotes increased MHC expression and 
cytokine production, upregulation of costimulatory molecules (such as CD80 
and CD86) on their surface facilitating cross-presentation of antigen and acti-
vation of CD8+ T cells [39, 100, 101, 104]. CD40/CD40L binding on mono-
cytes induces transcription of TNFα, IFN-γ, IL-1B, IL-6, IL-8 and IL-11 
which in turn influences DC maturation. CD40/CD40L interaction induces 
production of IL-12 in mature DCs and macrophages which is important for 
activating CD8+ T cells, skewing the adaptive immune response toward a Th 
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type 1 phenotype and may generate a T cell independent anti-tumour response 
by activation of NK-cells [101, 104]. Moreover, CD40/CD40L interaction on 
macrophages promotes anti-tumour effects through the production of TNFα 
and NO and by ADCC [101]. B cells are also fundamentally dependent on 
CD40/CD40L binding which increases their antigen-presenting capacity by 
upregulation of MHC expression and increased expression of costimulatory 
molecules CD80 and CD86 [101, 104], promotes the formation of germinal 
center (GC), Ig isotype switching, somatic hypermutation, formation of long-
lived plasma cells and memory B cells [100]. Hence, the possible anti-tumour 
effects of CD40 activated B cells include supporting already existing T cell 
immunity, to generate effector T cell activity by acting as efficient APC cells 
and by plasma cells producing antibodies directed against tumour antigens that 
may induce ADCC [101].  

CD40 is also expressed on a wide range of both hematological and non-
hematological cancer cells. Among the cancers that have been shown to ex-
press CD40 is melanoma, prostate, lung, nasopharynx, bladder, cervix and 
ovary [100] as well as all B cell malignancies [105]. Low-level constitutive 
engagement of CD40 promote cancer pathogenesis, in contrary to high level 
transient engagement of CD40 which can cause a direct anti-proliferative ef-
fect as well as apoptosis of CD40 positive cancer cells [99]. Apoptosis is me-
diated at least partly through upregulation of pro-apoptotic proteins such as 
Bcl-2-associated X protein (BAX) [106]. In addition to apoptosis, CD40 en-
gagement to CD40 positive cancer cells have been found to induce cell cycle 
arrest as well as increase the expression of MHC and other co-stimulatory 
molecules, thereby enhancing cancer cell recognition [105].  

Hence, activation of the CD40/CD40L pathway may lead to several poten-
tial anti-tumoural effects. Clinical trials investigating medicinal products ac-
tivating the CD40 pathway in cancer patients has so far used three major dif-
ferent approaches; recombinant CD40L molecules administered intrave-
nously, intratumoural administration of adenoviral vectors carrying the 
CD40L gene and agonistic CD40 antibodies delivered intravenously [107].  

Recombinant CD40L molecules and adenoviral vectors 
carrying CD40L 
The results of a trial using a trimeric form of a recombinant human CD40-
ligand (rhuCD40L) administered subcutaneously was reported in 2001. 
Thirty-two patients with Non-Hodgkin lymphoma or solid metastatic cancer 
were included. The maximum tolerated dose (MTD) was defined by transient 
elevations in transaminases. Objective PR was observed in one patient, and in 
yet another patient the treatment resulted in CR [108, 109]. Despite the prom-
ising results, rhuCD40L does not seem to have been developed further [102].  
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A replication-defective adenovirus vector carrying a gene encoding murine 
CD40L (Ad-CD154) was investigated in a phase I clinical trial which was 
reported in 2000. In this study a single intravenous infusion of autologous Ad-
CD154 transduced chronic lymphocytic leukemia (Ad-CD154-CLL) cells was 
administered to eleven patients with B-cell chronic lymphocytic leukemia 
(CLL). Preclinical studies with Ad-CD154 had shown that transduced CLL 
cells became highly efficient APCs and capable of inducing autologous T cell 
responses leading to the generation of CLL specific CTLs. Results showed an 
increase or de novo expression of immune accessory molecules on bystander, 
noninfected CLL cells in patients and high plasma levels of IL-12 and IFN-γ. 
Moreover, an increase in absolute T cell counts (on average >240%) was seen 
within 1-4 weeks after infusion and the number of leukemia-specific T cells 
increased. These immunological changes were accompanied by reductions in 
leukemia cell counts and lymph node size [110].   

In 2010 another phase I clinical study in CLL patients investigated a repli-
cation deficient adenovirus carrying a recombinant human-murine chimeric 
CD40-binding protein (Ad-ISF35). Ad-ISF35 was developed to improve 
membrane stability and mitigate generation of immunity against mouse-
CD154 [111]. Nine patients received autologous CLL cells that had been 
transduced ex vivo to express ISF35. Results showed reductions in lympho-
cyte counts in blood as well as reduction in lymph node size. Immunological 
results included an increased or de novo expression of receptors such as Fas 
and TNF-related apoptosis inducing ligand receptor 2 (TRAILR2) on circu-
lating CLL cells that increased their susceptibility for death-receptor mediated 
apoptosis [112]. Ad-ISF35 was then further investigated in a dose-escalating 
phase I study in which Ad-ISF35 was administered by injection into a patho-
logically enlarged lymph node in 15 patients with CLL. Again, an increased 
expression of death receptors and immune co-stimulatory molecules was seen 
in circulating CLL cells. Clinical observations included reductions in leuke-
mia counts, lymphadenopathy and splenomegaly and PR was achieved in 
three patients. Most AEs were transient and low-grade flu-like symptoms and 
injection site pain. However, some patients in the highest dose cohort devel-
oped transient asymptomatic grade 3-4 hypophosphatemia, neutropenia or 
transaminitis [111]. A preclinical study with intratumourally injected Ad-
ISF35 in mice with established melanoma showed that Ad-ISF35 alone was 
able to achieve tumour suppression. Analysis of tumour associated lympho-
cytes showed that about 70% of CD8+ T cells had upregulation of PD-1 after 
treatment with Ad-ISF35 and combining Ad-ISF35 with anti-PD1 blockage 
had synergistic treatment effects. After Ad-ISF35 + anti-PD1 dual treatment, 
an upregulation of CTLA-4 on CD8+ T cells was noted and the treatment ef-
ficacy could be further enhanced by the addition of anti-CTLA4 blockage. 
Triple therapy led to CR in about 40% of mice, as well as generating protective 
antitumour immunity demonstrated by the fact that cured mice resisted tumour 
rechallenge. Triple therapy was able to cure mice with more than one tumour, 
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including melanoma tumours in the brain, and increased tumour specific 
CD8+ T cells systemically compared to Ad-ISF35 monotherapy or anti-PD1 
plus anti-CTLA-4 double therapy [113]. A clinical study investigating treat-
ment with intratumoural Ad-ISF35 together with pembrolizumab was regis-
tered (NTC02719015) but has been withdrawn [107]. 

AdCD40L is another immunostimulatory gene therapy that has been inves-
tigated in phase I-II trials against cancer. AdCD40L is one of the medicinal 
products investigated in this thesis and is described in detail in a later chapter. 

Agonistic CD40-antibodies 
The main anti-tumour effect caused by agonistic CD40 antibodies is activa-
tion, or ‘licensing’, of APCs, including DCs, B cells and macrophages, with 
subsequent increase in the production of cytokines, expression of co-stimula-
tory molecules and induction of T cell activation so they can promote cyto-
toxicity against both CD40+ and CD40- cancer cells. Licensing of DCs is nor-
mally accomplished by antigen-specific CD4+ T helper cells through the 
crosslinking of CD40L on these cells and CD40 on the DCs, thus enabling 
them to activate potent CTLs. It has been shown that agonistic CD40 antibod-
ies can substitute the T cell help by binding to CD40 on antigen loaded DCs, 
thereby causing upregulation of co-stimulatory molecules and release of IL-
12 enabling them to activate CTLs. Another mechanism that may contribute 
to the anti-tumour effect of agonistic CD40 antibodies is activation of macro-
phages in the TME to become tumouricidal [102] and direct tumouricidal ef-
fects on CD40+ cancer cells through ADCC for example [114]. Immunologi-
cally, a transient reduction in circulating B cells and increased expression of 
CD80 and CD86 and MHC molecules, consistent with increased antigen pre-
senting capacity, have been reported for several agonistic CD40 mAbs. In-
creases in Th1 cytokines, such as macrophage inflammatory protein 1 beta 
(MIP-1β) and TNFα, has also been observed, and significant raises in IL-12 
has been observed 1 day post-treatment for some antibodies which could rep-
resent DC activation [104]. 

Several agonistic CD40 mAbs have been developed during the last 20 years 
and results of several early phase clinical trials has been published. Currently, 
six different agonistic CD40 mAbs are in clinical testing: selicrelumab (also 
known as CP-870,893, RG-7876 and RO7009789), APX005M (also known 
as sotigalimab), ChiLob 7/4, ADC-1013 (also known as JNJ-64457107 and 
mitazalimab), SEA-CD40 (also known as dacetuzumab) and CDX-1140 [101, 
104]. Selicrelumab and CDX-1140 are both human IgG2 Ab whereas the re-
maining four are of the IgG1 subclass: APX005M is a humanized rabbit IgG1 
Ab, ChiLob7/4 is a chimeric IgG1 Ab, SEA-CD40 is a humanized IgG1 Ab 
and ADC-1013 is a human IgG1 Ab. Clustering of CD40 molecules is neces-
sary to activate CD40-CD40L downstream intracellular signaling and this is 
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accomplished by agonistic CD40 mAbs through one of two mechanisms. The 
IgG2 mAbs achieves the clustering required through a hinge region whereas 
the IgG1 mAbs require crosslinking of the IgG1 mAb Fc region through in-
teraction with Fc gamma receptors (FcγRs) [101]. For APX005M and SEA-
CD40 Fc engineering has been done to enhance the potential crosslinking 
[104]. APX005 has been engineered to increase the binding affinity to FcγRIIb 
and hence minimize its capacity to induce ADCC. In mouse models, the anti-
tumour efficacy of anti-mouse CD40 mAbs were improved for Fc variants that 
were engineered for enhanced binding to FcγRIIb. One plausible mechanism 
explaining the improvement in efficacy is through inhibition of ADCC of 
CD40 expressing APCs due to the lack of binding of these mAbs to FcγRIIIa. 
Moreover, it has been suggested that agonistic CD40 mAbs that depend on 
crosslinking via FcγRIIb have a better safety profile as cells expressing 
FcγRIIb are most prevalent in the tumour and tumour draining lymphnodes 
which may lead to less systemic APC activation and release of cytokines 
[115]. Moreover, some agonistic CD40 mAb, such as APX005M, block the 
CD40L binding site and hence block the natural CD40-CD40L interaction, 
whereas others, such as selicrelumab and CDX-1140, do not. There are also 
differences in activation potency between the different Abs. To date, consen-
sus is yet to be reached on which formulation of agonistic mAbs is best [104]. 
Selicrelumab, which by design do not mediate CDC or ADCC [116], is the 
agonistic CD40 mAb that so far has been most extensively tested clinically 
[101]. 

The objective tumour response rates in early clinical trials have been very 
low for single-agent CD40 mAbs in general [104]. One exception was the 
first-in-human clinical trial with selicrelumab in which 29 patients with ad-
vanced solid cancer were given a single intravenous dose. This study reported 
an objective PR rate of 27% among the patients with advanced MM that were 
included in the trial. One of these patients continued to respond to the treat-
ment and received seven additional doses every 6-8 week. This patient re-
mained in CR 15 years later without having received additional therapy [104, 
117]. However, a follow-up trial in which selicrelumab was administered 
weekly did not observe any objective responses. Immunological findings in 
this study showed chronic B cell activation and some patients had T cell de-
pletion [104] and it is possible that the short-interval dosing caused chronic 
immune stimulation which may be counterproductive [118]. The most fre-
quently reported toxicities for single-agent CD40 mAbs have been mild to 
moderate cytokine release syndrome (CRS) with symptoms such as fever, ri-
gors, chills, headache and backpain. Symptoms often manifest within 
minutes-hours and are almost always manageable with supportive care, para-
cetamol, non-steroidal anti-inflammatory drugs and antihistamines. Cortico-
steroids can prevent CRS but are thought to interfere with the desired immune 
activation and have often been reserved for emergency situations. The likely 
mediator of CRS is IL-6. A transient mild to moderate raise in liver function 
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tests have also frequently been reported, but have so far not been clinically 
meaningful or required medical intervention. Furthermore, transient decreases 
in platelet counts have been observed. Only very rare cases of autoimmune 
events have been reported. Several cases of arterial or venous thromboses have 
been reported for selicrelumab, however, as thromboses are common in cancer 
patients it is unclear if treatment with selicrelumab contributed to these events 
[104].  
Agonistic CD40 mAbs have also been tested in combination with chemother-
apy in clinical trials. Selicrelumab in combination with carboplatin and 
paclitaxel was tested in a phase I trial which included 32 patients with meta-
static solid cancer (78% MM) which reported an objective response rate of 
20% [119]. In another phase I trial, 22 chemotherapy-naïve patients with ad-
vanced PDAC were treated with the combination of selicrelumab and gem-
citabine. The vast majority of patients (n=20) had metastatic disease and the 
overall response rate was 19% [104, 120]. Surprising and interestingly, tu-
mour biopsies from two patients with PR revealed absence of TILs and instead 
showed an infiltrate dominated by macrophages. This was then further studied 
in a preclinical mouse model of spontaneous PDAC to understand the mech-
anism of tumour regression in these patients. Studies of the mouse model in-
dicated that the mechanism of anti-tumour response of selicrelumab in PDAC 
was dependent on monocytes leaving the circulation to infiltrate the tumour 
and degrade the stromal TME [121]. Selicrelumab in combination with cis-
platin and pemetrexed was evaluated in 15 patients with malignant pleural 
mesothelioma in another phase I trial. The objective response rate was 40%, 
which was considered similar to expected with chemotherapy alone [122]. 
Combination treatment was considered feasible and tolerable in all three trials, 
and no new severe or unexpected side effects were seen beyond what had al-
ready been observed for either treatment alone [104]. 

The first trial to investigate combined treatment with an agonistic CD40 
mAb and an ICI was reported in 2018 in which selicrelumab was combined 
with the anti-CTLA-4 human IgG2 mAb tremelimumab. This phase 1 trial 
enrolled 24 patients with metastatic MM. Fifteen patients had previously re-
ceived treatment for metastatic disease, but all patients were treatment-naïve 
to anti-CTLA-4 or anti-PD-1/PD-L1 agents. The combination treatment did 
not exacerbate the toxicity of the single agents respectively or give rise to un-
expected AEs. The objective response rate was 27.3%. Complete response 
was seen in two patients and nine patients lived > 3 years. One of these patients 
developed CR on treatment and remained disease-free at 4 years without ad-
ditional treatment. The remaining eight patients received additional therapy 
including PD-1 mAb, surgery and radiotherapy. The combination treatment 
was associated with evidence of T cell activation and an increase in T cell 
infiltration into tumour [123].  

The triple combination of agonistic CD40 mAb, chemotherapy and ICIs 
has also been reported. In a phase Ib study 30 patients with metastatic PDAC 
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received chemotherapy with nab-paclitaxel and gemcitabine combined with 
either APX005M 0.1 mg/kg or 0.3 mg/kg alone or combined with nivolumab 
as first-line treatment for metastatic disease. The combined treatment was fea-
sible and tolerable. Among the group of patients that were evaluable for dose-
limiting toxicity (DLT) (n=24) the objective response rate was 54%, which is 
encouraging when comparing to the overall response rate of gemcitabine +/- 
nivolumab in a similar patient population which ranges between 18-23% 
[104]. A phase II part of this study is currently investigating this combination 
further by randomizing between nab-paclitaxel and gemcitabine in combina-
tion with either APX005M, nivolumab or both [124].    

Today several CD40 agonistic Abs are being tested in clinical trials in com-
bination with other agents[101]. Clinical trials with the six CD40 agonistic 
Abs currently investigated are listed in Table 2.  
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Table 2. List of clinical trials with CD40 mAbs1. 

Refer-
ence/Clin-

icalTri-
als.gov Id 

CD40 agonist Phase Status Cancer type 
No 
of 
pts 

Response 

[117] Selicrelumab (IV) 1 Completed Solid tumours 29 
14% PR 
24% SD 

[118] Selicrelumab (IV) 1 Completed Solid tumours 27 26% SD 

[119] 
selicrelumab (IV) + 

paclitaxel/car-
boplatin 

1 Completed Solid tumours 32 
20% PR 
40% SD 

[120, 121] 
selicrelumab (IV) + 

gemcitabine 
1 Completed PDAC1 22 

19% PR 
52% SD 

[122] 
selicrelumab (IV) + 

cisplatin/pemet-
rexed 

1b Completed 
Pleural meso-

thelioma1 
15 

40% PR 
53% SD 

[123] 
selicrelumab (IV) + 

tremelimumab 
1 Completed MM2 24 

18% PR 
9% CR 

[125] 
selicrelumab (IV) + 

emactuzumab 
1b Completed Solid tumors 37 41% SD 

NCT03892
525 

selicrelumab (IT) + 
atezolizumab 

1b Suspended 
B cell lym-

phoma 
43 NR 

NCT02304
393 

selicrelumab 
(IV/SC) + atezoli-

zumab 
1b Completed Solid tumours 140 NR 

NCT02665
416 

selicrelumab (SC) + 
vanucizumab or 

bevacizumab 
1b Completed Solid tumours 94 NR 

NCT03193
190 

selicrelumab (SC) + 
nab-paclitazel and 
gemcitabine + ate-

zolizumab 

1b/II Recruiting PDAC4 2905 NR 

NCT03424
005 

Selicrelumab (SC) + 
atezolizumab + 
bevacizumab 

1b/II Recruiting 
Tripple nega-

tive BC6 2805 NR 

NCT03555
149 

selicrelumab (SC) + 
atezolizumab + 
bevacizumab 

1b/II Recruiting CRC7 3825 NR 

NCT04364
230 

Peptide vaccine + 
CDX-1140 (SC) + 

TLR 3 agonist 
I-II Recruiting MM8 445 NR 

NCT03329
950 

CDX-1140 alone or 
with CDX-301 or 
pembrolizumab or 

chemotherapy 

I Recruiting 
Advanced 

malignancies 
2605 NR 

NCT04536
077 

CDX-1140 (IV) 
alone or with CDX-

301 
II Recruiting PDAC9 245 NR 
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NCT04616
248 

CDX-1140 (IT) + 
CDX-301 + poly 
ICLC + radiother-

apy 

I 
Not yet re-

cruiting 
BC 365 NR 

NCT04491
084 

CDX-1140 + CDX-
301 + SBRT 

I/II Recruiting NSCLC 465 NR 

NCT04520
711 

CDX-1140 + pem-
brolizumab + TCR-
transduced T cells 

I/Ib 
Not yet re-

cruiting 
Epithelial 

cancer 
245 NR 

NCT02482
168 

APX005M (IV) I Completed Solid tumours 43 NR 

[124] 
APX005M + nab-
paclitaxel/gemcita-
bine +/- nivolumab 

Ib/II 
Active, not 
recruiting 

PDAC10 129 

Phase Ib 
(24 evalua-

ble pts: 
PR 33%-
67% in all 
cohorts) 

NCT03123
783 

APX005M (IV) + 
nivolumab 

I/II Completed 
NSCLC and 

MM 
400 NR 

NCT03502
330 

APX005M (IV) + 
nivolumab + cabi-

ralizumab11 
I/Ib Recruiting 

MM, NSCLC 
and RCC 

1205 NR 

NCT03719
430 

APX005M (IV) + 
doxorubicin 

II Recruiting 
Soft tissue 
sarcoma 

275 NR 

NCT03165
994 

APX005M (IV) + 
neoadjuvant chemo-

radiation (car-
boplatin + 
paclitaxel) 

II Recruiting 
Resectable 
esophageal 

cancer 
265 NR 

NCT02706
353 

APX005M (IT) + 
pembrolizumab 

I/II Recruiting MM 415 NR 

NCT03389
802 

APX005M I Recruiting 
Paediatric 

CNS tumours 
455 NR 

NCT04337
931 

APX005M (IV) II Recruiting MM 365 NR 

NCT04130
854 

Neoadjuvant short-
course radiotherapy 
followed by FOL-

FOX +/- APX005M 
(IV) 

II Recruiting 
Locally ad-

vanced rectal 
cancer 

585 NR 

NCT04495
257 

APX005M (IV) + 
nivolumab + ipili-

mumab 
I Recruiting MM, RCC 365 NR 

[126] 
ADC-1013 (IT and 

IV) 
I Completed Solid tumours 23 SD 

[127] ADC-1013 (IV) I 
Active, not 
recruiting 

Solid tumours 95 

1% PR 
14% SD ≥ 
3 months 

11% SD≥ 6 
months 
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1Table adapted from Table 2 in the article “Agonistic CD40 Antibodies in Cancer Treatment” 
[101]. 

NCT02376
699 

SEA-CD40 alone 
(IV or SC) +/- pem-
brolizumab +/- nab-
paxlitaxel/gemcita-

bine 

I 
Active, not 
recruiting 

Advanced 
malignancies 

159 NR 

[128] ChiLob 7/4 I Completed 
Advanced 

malignancies 
29 SD  

1Chemotherapy naive patients 
2ICI naive patients 
3Actual enrolment 
4No prior systemic treatment allowed for patients in the selicrelumab cohort 
5Estimated enrolment for entire trial 
6Patients that have progressed on one line of chemotherapy but not received prior immunotherapy 
7Patients that have progressed on 1-2 previous treatment lines but not received prior ICI 
8Patients rendered clinically free of disease by surgery, other therapy or spontaneous remission within 6 months prior to 
registration 
9Patients with resectable disease planned for surgery 
10Treatment naïve patients 
11Humanized Immunoglobulin G (IgG) 4 monoclonal antibody directed against Colony stimulating factor 1 receptor 
(CSF1R) 
Abbreviations: BC = breast cancer, CNS = central nervous system, CR = complete response, IT = intratumorally ad-
ministered, IV = intravenously administered, MM = malignant melanoma, NCSLC = non-small cell lung cancer, NR = 
not reported, PDAC = pancreatic ductal adenocarcinoma, PR = partial response, pts = patients, RCC = renal cell cancer, 
SBRT = stereotactic radiotherapy, SC = subcutaneously administered, SD = stable disease, TLR = toll-like receptor 
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The medicinal products investigated 

ADC-1013 
ADC-1013 (also known as JNJ-64457107 and mitazalimab) is a human IgG1 
agonistic CD40 Ab whose agonistic properties are dependent on FcγR cross-
linking. In vitro experiments have shown that ADC-1013 can activate human 
DCs to become efficient APCs and to directly kill CD40+ cancer cells by di-
rect antitumoural effects such as apoptosis and ADCC [114].  

ADC-1013 was first studied in vivo in a xenograft model using a CD40+ 
human bladder cancer cell line in immunodeficient NSG mice. Treatment with 
ADC-1013 injected peritumourally was able to induce significant antitumour 
responses both in mice repopulated with human monocytic DCs and T cells 
and in the absence of human DCs and T cells, the latter demonstrating the 
Ab’s capacity to cause direct cell killing [114]. ADC-1013 was then further 
studied in a human CD40 transgene mouse model which allowed studying the 
in vivo antitumour effects of ADC-1013 in an immunocompetent host using a 
syngeneic murine bladder cancer model negative for human CD40. Estab-
lished tumours were injected peritumourally with ADC-1013 and the result 
showed dose-dependent antitumour effects. In addition, peritumoural injec-
tions with ADC-1013 of an established tumour on one flank could cure mice 
with a non-injected second established tumour on the other flank at the highest 
dose level tested. Cured mice rechallenged with the same tumour cells re-
mained tumour free and this tumour immunity seemed to be T cell dependent. 
Preclinical studies have also demonstrated that the high affinity of ADC-1013 
to CD40 result in a slower systemic release of the antibody after local injection 
which is important if administered intratumourally and the slower release 
could potentially minimize systemic side-effects [114].  

AdCD40L 
AdCD40L is an experimental immunostimulatory gene therapy against cancer 
in which a replication incompetent adenovirus serotype 5 carries the CD40L 
gene driven by an RSV promoter [103]. AdCD40L infects tumour cells, DCs 
and other cells present at the injection site by binding to the coxsackie adeno-
viral receptor and thereafter being internalized through receptor-mediated en-
docytosis. The CD40L transgene will then be transcribed and translated into 
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the CD40L protein inside the cell and incorporated into the cell surface. The 
main mode-of-action of direct administration of AdCD40L into a tumour is 
activation of DCs by CD40L-expressing tumour cells. The CD40-CD40L in-
teraction on tumour antigen-loaded DCs at the tumour site will cause them to 
become effective APCs; increasing their ability to present antigens to T cells 
and producing Th1 stimulating cytokines such as IL12 and TNFα which in the 
end facilitates the production of tumour antigen-specific CTLs. However, sev-
eral additional mechanisms can also contribute to the anti-tumour effect. The 
adenoviral backbone of the vector will contribute to the activation of DCs by 
stimulating TLRs on their surfaces and CD40L ligation can also induce apop-
tosis of CD40 positive tumour cells [103].  

In the first-in-human trial (phase I/IIa) using AdCD40L, the construct was 
directly administered into the tumour area in eight patients with urothelial cell 
carcinoma of the bladder (NCT00891748) and the results were reported in 
2010 [103, 129]. Five patients suffered from invasive cancer and were planned 
for cystectomy, whereas three patients had superficial tumours. All patients 
received 3 cycles of AdCD40L administered by instillation into the bladder 
once weekly. The first three patients received a lower dose (1 x 1011 virus 
particles (VP)) than subsequent patients (1 x 1012 VP) of AdCD40L. No AEs 
or DLTs considered related to AdCD40L were reported. Patients with invasive 
tumours underwent cystectomy 3-5 days after the last AdCD40L instillation, 
except one patient who refused surgery. Patients with superficial tumours had 
all tumour removed at baseline, except one lesion that was removed by tran-
surethral resection 14 days after the last instillation with AdCD40L. Results 
from the study were encouraging with bladders heavily infiltrated with T cells 
and biopsies detected gene transfer and increased IFN-γ. Moreover, circulat-
ing Treg levels were reduced. Histological evaluation indicated that 
AdCD40L treatment reduced the burden of malignant cells. Loskog et al. re-
ported in 2016 the results of the first two cohorts of a phase I/IIa study 
(NCT01455259) in which patients with metastatic MM refractory to standard 
treatment received intratumoural injections of AdCD40L in one selected le-
sion. The primary melanoma tumour amongst patients were ocular melanoma 
(n=8), cutaneous melanoma (n=5), mucosal melanoma (n=1) and unknown 
(lymph node) (n=1). Six patients were treated with four ultrasound-guided in-
tratumoural injections of AdCD40L (2.5 x 1011 VP) administered weekly in 
the first cohort. The second cohort enrolled nine patients that, in addition to 
the ultrasound-guided intratumoural injections of AdCD40L, were precondi-
tioned with intravenous low-dose cyclophosphamide (300 mg/m2) 1-2 days 
before the first and fourth intratumoural injection. The authors concluded that 
the treatment was safe and that side effects were mild and transient. Local and 
distant responses were seen radiologically on Fluorodeoxyglucose (18F)-posi-
tron emission tomography (FDG-PET) scans, although no patient experienced 
an objective response according to magnetic resonance imaging (MRI) assess-



 58 

ments. A significant survival benefit was seen at 6 months in the cohort pre-
conditioned with cyclophosphamide, with the median survival almost doubled 
in this cohort, compared to the other patients. Immunologically, the patients 
with the longest survival developed the highest levels of activated T cells and 
had a pronounced decrease of intratumoural IL-8 [130]. The results of further 
immune profiling to investigate the systemic effects of the localized 
AdCD40L treatment in these fifteen patients were reported by Schiza et al. in 
2017. The Teffector/Treg cell ratio was increased in all patients post-treatment 
and death receptors used by T cells to kill tumour cells (TNFR1 and 
TRAILR2) were up-regulated [131].  

LOAd703 
LOAd703 (delolimogene mupadenorepvec) is an oncolytic adenovirus sero-
type 5. The infectivity of the virus has been enhanced by adding a fiber (shaft 
and knob) from serotype 35 (Ad5/35) to increase its binding to tumour cells 
as the serotype 35 fiber binds to CD46 which is often overexpressed by tumour 
cells.  

LOAd703 has a transgene cassette with two immunostimulatory genes: tri-
merized, membrane-bound CD40L (TMZ-CD40L) and 4-1BBL. The 
transgene cassette is driven by a CMV promoter which is not tissue restrictive. 
The immunostimulatory genes can be expressed by all cells infected with 
LOAd703, both tumour and stroma cells, whereas viral replication and oncol-
ysis is restricted to cells with a dysfunctional retinoblastoma pathway, i.e. can-
cer cells. The TMZ-CD40L transgene is a modified human CD40L which 
lacks the intracellular signaling domain. Instead, TMZ-CD40L fuses the ex-
tracellular and transmembrane domains to an isoleucine zipper domain creat-
ing a membrane-bound trimerized CD40L molecule. This membrane bound 
trimerized CD40L molecule is incapable of intracellular signaling in the TMZ-
CD40L-expressing cell, but still binds and transmits signals to other cells that 
express its receptor CD40. The 4-1BBL transgene is the full-length human 4-
1BBL gene.  

Preclinical studies with LOAd703 have demonstrated its capacity to induce 
oncolysis in human cancer cell lines and mice. Restriction of oncolysis to ma-
lignant cells while sparing normal cells has also been demonstrated in vitro 
[132]. Repeated intratumoural injections of LOAd703 induced tumour regres-
sion in xenografted mice with established pancreatic tumours, and the effect 
was increased when combining LOAd703 with gemcitabine. However, the 
anti-tumour effect of LOAd703 in these animal experiments could solely be 
due to oncolysis as xenograft models utilize immunodeficient mice [132]. Mu-
rine cells lack the receptor for viral uptake (CD46) [133] and human CD40L 
does not cross-react with murine CD40 [134] which means that the im-
munostimulatory effect of LOAd703 cannot be investigated in animal mouse 
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models. In addition, as LOAd703 poorly infects and replicates in mice, poten-
tial harmful effects of viral replication in normal cells and toxicity due to 
transgene expression cannot be evaluated in mice. Human in vitro experiments 
with human immature DCs have shown that LOAd703 infected cells ex-
pressed both CD40L and 4-1BBL. LOAd703 induced expression of matura-
tion markers CD83 and CD70 and a Th1-type cytokine profile. Moreover, 
LOAd703 induced chemokines and stimulated proliferation of not only anti-
gen specific T cells, but also NK cells, which was probably due to expression 
of 4-1BBL. Interestingly, LOAd703 also increased the expression of PD-L1 
on infected DCs [132]. Moreover, in vitro studies have shown that melanoma 
cells infected with LOAd703 can release exosomes that cargo the transgenes, 
most likely in the form of mRNA and proteins, and that these exosomes were 
able to activate DCs in a dose-dependent manner. Consequently, LOAd703 
may be able to activate DCs at distant sites as exosomes travel in vessels, alt-
hough this needs to be confirmed in vivo [135]. 

LOAd703 is currently being tested in three different clinical trials in Swe-
den and USA.  
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Aims of the thesis 

Overall aim 
The overall aim of this doctoral project was to evaluate activation of the 
CD40-CD40L pathway as a treatment for patients with solid cancer. 

Specific aims 
Paper I 
We have recruited and treated patients with metastatic solid cancer in a first-
in-human, multicenter, phase I study with the agonistic CD40 antibody ADC-
1013. The specific objectives were: 

 The primary objectives of the study were to assess safety and 
tolerability of ADC-1013, defining the DLTs, the MTD and 
the recommended Phase II dose. 

 Secondary objectives were to determine the pharmacokinet-
ics, immunogenicity and clinical efficacy of ADC-1013.  

 The exploratory objective was to investigate the mechanism 
of action of ADC-1013. 

Paper II  
We have recruited and treated patients with metastatic MM in a third cohort 
of a Phase I/IIa trial in which intratumoural injections of AdCD40L was com-
bined with low dose cyclophosphamide and local irradiation. The specific ob-
jectives were: 

 To evaluate the toxicity and anti-tumoural effects (both local 
and systemic) of local AdCD40L immunostimulatory gene 
therapy in combination with low dose cyclophosphamide and 
local irradiation. 

 To explore potential biomarkers in plasma which might be of 
biologic, prognostic and/or therapeutic significance.  
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Paper III 
We have recruited and treated patients with metastatic non melanoma solid 
cancer in a fourth cohort of a Phase I/IIa trial in which intratumoural injections 
of AdCD40L was combined with low dose cyclophosphamide. The specific 
objectives were: 

 To evaluate the toxicity and anti-tumoural effects (both local 
and systemic) of local AdCD40L immunostimulatory gene 
therapy in combination with low dose cyclophosphamide. 

 To explore potential biomarkers in plasma which might be of 
biologic, prognostic and/or therapeutic significance.  

Paper IV 
We have recruited and treated patients with locally advanced or metastatic 
PDAC, metastatic CRC and metastatic ovarian cancer in phase I of a phase 
I/II trial in which intratumoural injections of LOAd703 was combined with 
chemotherapy. The specific objectives were:  

 To evaluate the safety, toxicity and anti-tumoural effects of re-
peated intratumoural injections with LOAd703 in combination with 
chemotherapy. 

 To determine the MTD and the recommended Phase II dose of 
LOAd703. 

 To investigate changes in IgG antibody titers against adenovirus in 
response to treatment with LOAd703.  
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Patients and methods  

Paper I 
This paper report the results of the first-in-human study with ADC-1013 
(NCT02379741) as well as results of preclinical studies of ADC-1013. The 
trial was a multicenter (Herlev-Gentofte Hospital in Denmark, Uppsala Uni-
versity Hospital and Karolinska University Hospital in Sweden and the Clat-
terbridge Cancer Centre and Queen Elizabeth Medical Centre in the UK), open 
label, non-randomized Phase I study.  

The clinical study enrolled 24 patients with metastatic solid cancer refrac-
tory to, or with intolerable side-effects to, established treatments. However, 
only 23 patients received the study drug as one patient withdrew consent. 
ADC-1013 was either administered intratumourally (n=18) or intravenously 
(n=5).  

This was a dose-escalating study with a modified 3 + 3 design in which 3-
6 patients were monitored for DLTs at each dose level. A DLT was defined as 
a study drug-related ≥ grade 3 AE (excluding influenza-like symptoms, nau-
sea/vomiting and diarrhea that returned to a < grade 3 AE within 4 hours of 
onset, either spontaneously or after administration of supportive medication 
(e.g. paracetamol, anti-emetics, loperamide), and elevation of AST/ALT ex-
ceeding 5 x upper limit of normal (ULN) but not exceeding baseline AST/ALT 
value + 4 x ULN for patients with liver metastasis or primary hepatobiliary 
disease). The definition of the MTD was the dose level below the dose level 
where a DLT occurred in two or more patients.  

The schedule for intratumourally administered treatment was two cycles of 
treatment, with each cycle lasting 28 ± 2 days and comprising of two intra-
tumoural injections of ADC-1013 with a two-week interval. The first two 
treatment cycles were then followed by a four-week treatment-free period. 
Continued treatment could be offered until immune-related CR, confirmed 
immune-related PD, unacceptable toxicity or clinical deterioration, as incre-
ments of one treatment cycle followed by a four-week treatment-free period. 
Patients receiving intravenous treatment followed the same schedule with the 
exception of treatment free periods.  

Radiological evaluation with computed tomography (CT) was done eight 
weeks after administration of the first dose. The CT scans were evaluated ac-
cording to RECIST 1.1 and immune-related RECIST (irRECIST).  
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Tumour core needle biopsies were taken before start of treatment and four 
weeks after the first dose. Patients who continued on treatment beyond two 
treatment cycles also had a biopsy taken at week 15. Biopsies were taken both 
from injected as well as from one non-injected lesion. 

Paper II  
This paper report the results of cohort III of the phase I/II study 
NCT01455259, as well as additional results for patients treated in cohort I and 
II. In cohort I, six patients with metastatic MM were planned to receive four 
weekly ultrasound-guided intratumoural injections of AdCD40L. In cohort II, 
comprising nine patients with metastatic MM, low dose cyclophosphamide 
was administered before the first and fourth intratumoural AdCD40L injec-
tion.  

In cohort III, nine patients with metastatic MM refractory to standard treat-
ment were enrolled. The primary melanoma tumor amongst patients was cu-
taneous melanoma (n=3), ocular melanoma (n=3), mucosal melanoma (n=2) 
and unknown primary site (n=1). All patients had at least two radiologically 
detectable lesions.  

The patients were planned to receive four weekly intratumoural injections 
with AdCD40L (2.5 x 1011 VP). The first intratumoural injection was preceded 
by radiotherapy delivered to the metastasis to subsequently be injected with 
AdCD40L. The radiation was delivered as a single fraction of 8 Gy, one week 
prior to the first intratumoural injection. Low dose cyclophosphamide (300 
mg/m2) was given 1-2 days before the first and fourth intratumoural injection 
of AdCD40L.  

All patients were monitored for 10 weeks, and during this time sampled at 
multiple times for blood chemistry, hematology and immunology evaluation. 

Radiological evaluation was done by FDG-PET/CT and whole-body MRI 
(WB-MRI) scans or integrated FDG-PET/MRI. Post-treatment scans were 
performed at two weeks (week 5) and six weeks (week 9) after the last 
AdCD40L injection and compared to the pre-treatment scan. Morphological 
tumour response was assessed by MRI using RECIST 1.1 criteria and meta-
bolic tumour response was evaluated by FDG-PET by measuring the maxi-
mum standardized uptake value (SUVmax) at one hour after tracer injection. 
A ≥15% decrease in SUVmax was defined as metabolic response and ≥25% 
increase in SUVmax was considered metabolic progression.  

Paper III 
Paper III report the results of a fourth cohort of the study NCT01455259. In 
cohort IV, six patients with metastatic non melanoma solid cancer refractory 
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to standard treatment were enrolled. The primary tumour was RCC (n=2), 
cholangiocarcinoma (n=1), rectal- (n=1), ovarian- (n=1), and breast cancer 
(n=1).  

The same scheme as for cohort II was applied: patients were planned for 
treatment with four weekly intratumoural injections of AdCD40L (2.5 x 1011 
VP) and low dose cyclophosphamide (300 mg/m2) was administered 1-2 days 
before the first and fourth intratumoural injection. Radiological evaluation and 
monitoring were identical to the previous cohorts.  

This paper also report the results of the first ever patient treated with intra-
tumoural injections of AdCD40L. The patient received the treatment as part 
of the study “Malignancies in renal transplanted patients” (MALTX, 
NCT02241564). This patient was renal transplanted twice and developed met-
astatic urothelial carcinoma derived from the first transplant. Treatment with 
standard palliative chemotherapy was not possible due to impaired renal func-
tion. Instead, this patient was treated with discontinuation of immunosuppres-
sive medication (except a low dose of corticosteroids) and the main intracap-
sular tumour was removed by transplantectomy. On the hypothesis that intra-
tumoural injections of AdCD40L could be effective in this patient as 
AdCD40L may stimulate anti-tumour responses, and additionally, amplify the 
allogenic reaction against the transplant-derived tumour, this patient subse-
quently received repeated intratumoural injections of AdCD40L (2.5 x 1011 
VP) alone.  

Paper IV 
Paper IV report the preliminary results from the phase I part of the phase I/II 
trial NTC03225989 investigating intratumoural injections of LOAd703 com-
bined with chemotherapy. Injections with LOAd703 were administered every 
two weeks, with a maximum of eight injections, as an add-on to standard-of-
care chemotherapy in first or latter lines of treatment, or with gemcitabine 
conditioning. Chemotherapy was given after virus injection when given the 
same week, and preferably initiated within six hours post LOAd703 injection. 
Phase I had a standard 3 + 3 design and the planned LOAd703 dose escalation 
was: 5x1010 VP, 1x1011 VP and 5x1011 VP. Dose-limiting toxicity was defined 
according to Common Terminology Criteria for Adverse Events (CTCAE) 
Version 4.03 as an AE grade 3 or higher that could be attributed (definitely, 
probably or possibly) to LOAd703. 

This phase I part of the study included in total nine patients with metastatic 
CRC (n=4), locally advanced (n=1) or metastatic (n=2) PDAC and metastatic 
epithelial ovarian carcinoma (n=2). Radiological examination with CT scan 
was performed every two months and tumor response was evaluated accord-
ing to RECIST 1.1. Patients were sampled for blood chemistry, hematology 
and immunology evaluation at multiple time points during the study.  
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Results and discussion 

Paper I 
Intratumoural treatment with ADC-1013 was administered to 18 patients in 
total. The dose levels for intratumoural treatment were: 22.5 (n = 3), 75 (n= 
4), 200 (n = 3) and 400 µg/kg (n = 8). Five patients received intravenous ADC-
1013 75 µg/kg.  

Two patients receiving intratumourally administered treatment into liver 
lesions with 400 µg/kg experienced DLTs: cholecystitis (grade 3) and ab-
dominal pain (grade 3). Grade 2 CRS was observed in one patient treated with 
intratumoural injections of a liver metastasis at the dose 400 µg/kg. An interim 
analysis revealed a high incidence of reported treatment emergent adverse 
events (TEAEs) related to cytokine release occurring in the first 24 hours after 
first exposure to ADC-1013 in patients receiving ADC-1013 by intratumoural 
injections into a liver metastasis, compared to no such TEAEs reported for 
patients receiving intratumoural injections into superficial lesions (subcutane-
ously or lymph node). With further support from pharmacokinetical assess-
ments, we conclude that intratumoural administration of ADC-1013 into liver 
metastases led to a higher immediate systemic exposure of the study medica-
tion compared to when injecting a superficial lesion. Hence, an amendment in 
the protocol was made whereby intratumoural injections into deep well vas-
cularized organs were no longer allowed. The dose escalation was stopped at 
400 µg/kg. No DLT was reported for the intravenously treated patients. No 
dose escalation was performed for intravenous treatment as it was decided that 
this route of administration should be further explored in a new trial 
(NCT02829099).  

Two patients in total experienced SD radiologically; one patient had SD 
and immune-related SD (irSD) and one patient SD. The patient with both SD 
and irSD was treated with ADC-1013 in a superficial lesion and received 
seven treatment cycles in total. The first five treatments were administered at 
the dose of 400 µg/kg. Subsequently the dose was escalated to 600 µg/kg 
given twice and thereafter 900 µg/kg for seven doses. The dose escalation was 
well tolerated. It is possible that the MTD for intratumoural injections of 
ADC-1013 is much higher for injections into superficial lesions compared to 
lesions in deep organs. Radiological SD and irSD were seen throughout the 
seven treatment cycles and treatment was discontinued on the investigator’s 
decision. The second patient who experienced SD received the injections in a 
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superficial metastasis and experienced radiological SD at evaluation after the 
initial two treatment cycles, but was excluded from further treatment due to 
abnormal activated partial thromboplastin time.  

Pharmacokinetically, serum concentrations of ADC-1013 were detected in 
some patients receiving dose levels of 75 µg/kg and above intratumourally. In 
patients receiving 400 µg/kg intratumourally, ADC-1013 was only detectable 
in blood in patients receiving the injection into a liver lesion. Elevations of the 
cytokines monocyte chemoattractant protein-1 (MCP-1), IL-6 and TNFα were 
mainly seen in patients receiving 200 µg/kg or 400 µg/kg. Moreover, the ki-
netics of cytokine release appeared to differ between patients receiving intra-
tumoural administration in subcutaneous lesions versus liver lesions at the 
dose of 400 µg/kg, with a delayed release following administration into a su-
perficial lesion. This could be explained by a difference in the biodistribution 
of ADC-1013 depending on injection site.  

Immunologically, there was a marked decrease at all dose levels in periph-
eral CD19+ B-cells at 24 hours which recovered after 8-15 days. The expres-
sion of CD86, a cell surface activation marker, was increased at 24 hours after 
treatment on the remaining peripheral B-cells. This is in line with previous 
observations of agonistic CD40 Abs and it has been hypothesized that these B 
cells marginate and/or extravasate from the blood upon activation and may 
function as APCs. Only two patients had a relevant CD40 expression on the 
tumour cells and no correlation could be seen between CD40 expression and 
pharmacodynamical effects.  

Paper II  
Intratumoural injections of AdCD40L in combination with low dose cyclo-
phosphamide and local radiotherapy were considered safe and well tolerated.  

Two patients in cohort III received only three intratumoural injections due 
to clinical deterioration and rapid PD. Four patients in cohort I-III received 
additional cycles of treatment. In cohort III, one patient was considered to 
have clinical benefit from the treatment and was accepted for retreatment six 
months later and received eight intratumoural injections in total. Another pa-
tient, who had previously received treatment in cohort I with considered good 
clinical effect, was re-included in cohort III about two years after the first 
treatment cycle was finished and received four additional intratumoural injec-
tions.  

Almost all patients experienced grade 1-2 AEs considered secondary to the 
study medication. Only a few grade 3 and no grade 4 AEs related to AdCD40L 
were reported. Two patients in cohort III developed liver enzyme elevations. 
Both these patients had liver metastases and raised liver enzymes at enroll-
ment.  
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Best response in cohort III at evaluation with WB-MRI was SD in three 
patients six weeks after the last intratumoural injection. Three patients in co-
hort III experienced partial metabolic response in the injected metastasis; how-
ever, this could at least partly be secondary to the local radiotherapy. None of 
the patients in cohort III had a metabolic PR or CR on PET when considering 
all metastases.  

There were no significant differences in OS between the three cohorts. 
However, patients who received low dose cyclophosphamide (cohort II and 
III) had a significantly better 6 months OS compared to cohort I. Hence, pre-
conditioning with cyclophosphamide seems to add benefit to treatment with 
intratumoural injections of AdCD40L, whereas local radiotherapy does not.  

Immunologically, three serum cytokines correlated significantly to OS 
when including all evaluable patients in all three cohorts: IL12, macrophage 
inflammatory protein 3 beta (MIP-3β) and IL8. IL12 is an immune stimulating 
cytokine mainly produced by DCs which can have many potential anti-tumour 
effects. MIP-3β is also an immune stimulating cytokine. The levels of both 
IL12 and MIP-3β pre-treatment correlated positively with survival. Hence, 
these cytokines may be able to predict response to AdCD40L. Most patients 
had a higher level of IL12 post-treatment which might be indicative of a pos-
itive immune effect of AdCD40L treatment, although IL-12 post-treatment 
did not correlate to OS. IL-8 is an immune modulating cytokine which has a 
tumour promoting effect in the TME. The levels of IL8 at week 5 were found 
to correlate negatively to OS.  

Paper III 
Intratumoural injections of AdCD40L in combination with low dose cyclo-
phosphamide in patients treated as part of the study NCT01455259 was con-
sidered safe and well tolerated. No patient had to discontinue treatment due to 
side-effects.  

All patients except one received all planned intratumoural injections. This 
patient only received three intratumoural injections due to clinical deteriora-
tion. One patient was considered to have a positive clinical effect of the treat-
ment and was therefore accepted for retreatment five months after the first 
treatment cycle. Interestingly, this patient had clear cell RCC which is consid-
ered especially immunogenic.  

Best response at evaluation with MRI was SD in two patients six weeks 
after the last intratumoural injection. PET imaging revealed no clear trend dur-
ing the follow-up for the injected or non-injected metastases, with both in-
creases and decreases in SUVmax between examinations.  

Desirable immunological effects were noted. After treatment, MIP-3β, 
TNFα, IL12 and IFN trended to increase and at week 5 the fold change of 
TNFα correlated significantly to OS. IFN and IL12 levels were also highest 
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at week 5 in the patients with longer OS, but no significant correlation with 
survival was seen. An increase in anti-adenovirus antibodies was observed in 
all patients tested, but there was no correlation with survival.  

The patient treated as part of the study NCT02241564 clinically improved 
during the course of treatment and received in total 24 treatments with 
AdCD40L. Radiological effect was seen on CT scan with shrinkage of some 
treated metastases. Tumour biopsies showed some infiltration of inflamma-
tory cells in a treated metastasis, in contrast to an untreated where only sparse 
infiltration was seen. The serum levels of the immunosuppressive cytokines 
TGFβ and IL8 decreased after start of treatment. The transplantectomy and 
discontinuation of immunosuppressive medication could have caused an in-
creased allogenic immune reaction to the transplant derived tumour in this 
patient and this may have contributed to the antitumour effect. However, the 
increased inflammatory cell infiltration in the treated metastasis indicates that 
intratumoural AdCD40L injections achieved desirable immunological effects. 
Importantly, the treatment with AdCD40L did not result in an immunological 
rejection of the second transplant with HLA antigens not equally well matched 
as for the first renal transplant. 

Paper IV 
Nine patients received LOAd703 in combination with chemotherapy. One pa-
tient with locally advanced PDAC received LOAd703 as an add-on to first-
line treatment with nab-paclitaxel/gemcitabine chemotherapy. The remaining 
eight patients had previously received several lines of treatment and received 
LOAd703 with gemcitabine only.  

Intratumoural injections of LOAd703 in combination with chemotherapy 
were considered safe and feasible. Three patients received LOAd703 at each 
dose level tested and the MTD was determined to the highest dose tested: 
5x1011 VP/injection. No DLT was reported. The majority of patients (n=5) 
received LOAd703 through injection in a liver metastasis. The number of in-
jections that each patient received varied between three and eight. All patients 
had dose-reductions or omissions of concomitant chemotherapy during the 
study.  

The most commonly reported AEs considered related to LOAd703 were 
fever, headache, fatigue and chills, which were commonly of low grade (grade 
1-2) and transient in proximity to the injection day. A total of seven serious 
adverse events assessed as definitely, probably or possibly related to 
LOAd703 or the injection procedure were reported and included fever, CRS, 
abdominal pain, ileus and infection. Distinguishing between AEs secondary 
to LOAd703, the injection procedure, chemotherapy or the combination can 
be difficult and a substantial proportion of the reported AEs were assessed as 
related to both LOAd703 and chemotherapy. One patient developed CRS 
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grade 2 after the third intratumoural injection with LOAd703 and received 
tocilizumab after which the symptoms subsided. This patient could receive 
subsequent treatment with LOAd703 without complications after premedica-
tion with betamethasone.  

Median OS was 36 weeks. Four patients experienced SD as best radiolog-
ical response during study participation and one patient PR. The remaining 
patients had PD at the first radiological evaluation. The patient with PR had 
locally advanced pancreatic cancer and received treatment in first line. This 
patient’s tumour marker, Ca 19-9, normalized during treatment and he contin-
ued with chemotherapy for three months after receiving the last intratumoural 
injection with LOAd703. At data cut-off, this patient still had PR despite re-
maining treatment free for nine months. Two other patients also seemed to 
benefit from the treatment. One patient with metastatic ovarian cancer had SD 
for 6 months after the final LOAd703 injection, had declining levels of the 
tumour marker CA125 during treatment, and was still alive 24 months from 
treatment start. This patient had to stop concomitant gemcitabine chemother-
apy due to liver toxicity and received the majority of intratumoural injections 
of LOAd703 without concomitant chemotherapy. Another patient with meta-
static pancreatic cancer remained treatment-free for 7 months after the last 
intratumoural injection with LOAd703 and survived for a year from treatment 
start despite having PD according to radiological evaluation after week 17.  

All patients tested (n=8) for IgG antibody titers against adenovirus had in-
creased high levels after treatment initiation, and the levels remained high 
throughout treatment and follow-up. The levels did not seem to correspond to 
injection site. In addition, the level of antibodies did not seem to correlate 
negatively to treatment response as one of the patients that developed the high-
est levels was the patient with PR. The effect of anti-adenoviral antibodies 
may decrease treatment efficacy by clearing the virus. However, conversely 
these antibodies may contribute to treatment efficacy as neutralizing antibod-
ies can mark cells infected with the adenoviral vector for destruction through 
antibody dependent cellular cytotoxicity by NK cells or phagocytosis by M1 
macrophages.  
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Conclusions 

In this thesis we evaluated activation of the CD40-CD40L pathway as a treat-
ment for patients with solid cancer by investigating three different medicinal 
products administered through intratumoural injection: (1) ADC1013 - an ag-
onistic CD40 antibody, (2) AdCD40L - immune stimulating intratumoural 
gene therapy with a replication deficient adenovirus carrying the gene for 
CD40L and (3) LOAd703 - an oncolytic adenovirus carrying two im-
munostimulatory genes: trimerized, membrane-bound CD40L (TMZ-CD40L) 
and 4-1BBL. The results of the early phase clinical trials described in this 
thesis show that activation of the CD40-CD40L pathway is possible through 
intratumoural injections of the investigated medicinal products. Moreover, 
treatment with the medicinal products investigated was considered safe and 
tolerable. We demonstrated that AdCD40L can be combined with radiother-
apy without increasing toxicity and that LOAd703 is safe to combine with 
chemotherapy. Although the number of patients treated in each trial was lim-
ited, and almost all patients were considered refractory to standard treatment 
at inclusion, some patients seemed to benefit from the treatment which is en-
couraging.  
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Future perspectives 

The introduction of ICIs has changed the treatment landscape for many can-
cers. However, the majority of patients does not respond to ICIs and for many 
cancer types ICIs have not shown any effect. Activating the CD40-CD40L 
pathway can lead to several immune mediated antitumoural effects and sev-
eral medicinal products aiming to activate this pathway are currently being 
investigated. It seems that activating this pathway alone is not enough as stud-
ies indicate only few objective tumour responses. Instead, focus today is to 
combine activation of the CD40-CD40L pathway with other treatment modal-
ities, such as chemotherapy and ICIs, trying to achieve additive or synergistic 
effects.  

This thesis focused on activating the CD40-CD40L pathway in patients 
with solid cancer through intratumourally delivered medicinal products with 
the aim of achieving a systemic antitumour immune response. This approach 
may reduce the risk of systemic side-effects and may enable combining treat-
ments that are otherwise considered too toxic. It also enables the injected tu-
mour to function as a vaccine and has the potential to generate an immune 
response against all the tumour antigens present in the injected lesion inde-
pendent of HLA-status.  

ADC-1013 has been further investigated in a phase I trial in which 95 pa-
tients with advanced solid tumours received the Ab intravenously in escalating 
doses (NCT02829099). Doses up to 2000 µg/kg with pre-infusion of steroids 
and up to 1200 µg/kg without pre-infusion of steroids were administered. In-
fusion related reactions could significantly be reduced by cetirizine and mon-
telukast in patients not receiving steroids. One patient with RCC had a PR 
lasting 9 months and 14% had SD lasting ≥ 3 months and 11% SD lasting ≥ 6 
months [127]. ADC-1013 is planned to be further investigated in a phase II 
trial in which patients with metastatic PDAC will receive the antibody to-
gether with FOLFORINOX chemotherapy.  

LOAd703 is currently being further investigated in Sweden in the phase II 
part of the study presented in this thesis, and in a second study in which pa-
tients with metastatic MM refractory to standard treatment receive intra-
tumoural injections with LOAd703 in combination with atezolizumab 
(NCT04123470). Moreover, yet another phase I/II trial in the USA is currently 
investigating LOAd703 in patients with locally advanced or metastatic pan-
creatic cancer in combination with nab-paclitaxel and gemcitabine 
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(NCT02705196). An interim report of this trial reported that 6/10 patients re-
ceiving higher LOAd703 doses (1x1011 and 5x1011 VP) experienced PR [136]. 
This trial will also investigate the effect of adding atezolizumab to the combi-
nation.  

Ideally, the rate-limiting step/steps in the cancer immunity cycle could be 
identified and targeted. Such a personalized cancer immunotherapy may be 
possible in the future and pave the way for personalized combinations of im-
munotherapies targeting the limiting step/steps in each patient. For patients 
with low infiltration of TILs, the limiting step may be priming and activation 
of CTLs and these patients might benefit from the combination of activating 
the CD40 pathway and inhibiting CTLA-4. Patients with high numbers of 
TILs that are positive for PD-L1 may instead benefit from the combination of 
activating the CD40 pathway and a PD-1 or PD-L1 inhibitor. Patients with 
tumours expressing few neoantigens may benefit from CD40 activation after 
prior radiotherapy, or by oncolytic viruses, causing immunologic cell death 
and release of antigens, while the best treatment for patients with tumours with 
abundant stroma may consist of CD40 activation combined with chemother-
apy and/or a VEGF inhibitor aiding infiltration of immune cells into the tu-
mour.  
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