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1
Melanoma: different subtypes, distinct characteristics

Melanoma subtypes
Melanoma results from the malignant transformation of melanocytes. Besides cutaneous 

melanoma (CM), by far the most well-known and prevalent type, several other forms of 

melanoma can be identified depending on their location, such as conjunctival, mucosal and 

uveal melanoma (UM). CM and acral melanoma both derive from melanocytes in the skin: CM 

originates from the epidermis (figure 1A), acral melanoma from melanocytes in the palms, 

soles and nail beds. Mucosal melanoma can arise in mucosal membranes at several sites 

across the body 1, 2. Two melanoma subtypes develop in the ocular region: conjunctival and 

uveal melanoma. Conjunctival melanoma arises in the conjunctiva which lines the inside of 

the eyelids and covers the sclera of the eye 3. UM develops in the uveal tract (incorporating 

the ciliary body, choroid and iris) with approximately 90% of UMs originating from the choroid 

(figure 1B) 4. This thesis focusses on CM and UM.
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Figure 1: The origin of uveal and cutaneous melanoma. 
Cutaneous melanoma arises from melanocytes residing in the epidermis of the skin (panel A). Uveal 
melanoma originates from melanocytes in the choroid, iris or ciliary body of the eye (panel B).

Incidence

Although both CM and UM originate from melanocytes, they are radically different diseases. Among 

others, this translates in dissimilar occurrence rates. CM is the most common form constituting 

>90% of all melanoma cases 5. The incidence of CM has been rising worldwide for several decades 
6. The annual age-standardized incidence rate of CM roughly ranges from 8/100,000 (Central and 
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Eastern Europe) to 26/100,000 (Scandinavia) and 54/100,000 in Australia 7. UM affects a mere 3-5% 

of all melanoma patients and its incidence rate is approximately 5/1,000,000 8-10. 

Predisposing factors

Major predisposing factors for the development of CM and UM do not completely overlap. For 

instance, while the rising incidence rate of CM is mainly attributed to increased natural UV-

light exposure, the role UV-light in the pathogenesis of UM is less clear 11-13. Established risk 

factors for both UM and CM are certain phenotypic traits such as a fair skin, light coloured 

eyes, propensity to sunburn and freckles. Furthermore, the presence of atypical cutaneous 

nevi and the number of common cutaneous nevi also predispose for developing both diseases. 

In addition, familial history and genetic susceptibility are recognized as risk factors for the 

development of both melanomas 14, 15.

Patterns of metastatic spread

Essentially all mortality and a substantial amount of the morbidity of both CM and UM result 

from metastases. The patterns of metastatic spread are different among CM and UM. CM has 

the potential to manifest itself as locoregional advanced (stage III) disease or distant metastatic 

(stage IV) disease which results from spread of CM cells via the lymphatics or blood vessels, 

respectively. Satellite, in-transit and lymph node metastases are all possible presentations 

of locoregional advanced CM while distant metastatic disease can encompass practically any 

organ but mostly occurs in skin, lung, brain, liver, bone, and small intestine 16. 

In contrast to CM, UM solely metastasizes hematogenously. Metastatic disease in UM has a 

striking tendency to occur in the liver as this organ is involved in approximately 90% of metastatic 

UM cases and is the sole site of metastatic disease in approximately half of UM patients 17.

Molecular etiology

UM and CM are distinct in their genetic and molecular etiology. The main molecular pathway 

implicated in the pathogenesis of CM is the mitogen-activating protein kinase (MAPK) pathway 

(figure 2). The MAPK pathway is essential in the regulation of cellular growth, differentiation and 

survival. In CM, oncogenic activation of this pathway commonly results from BRAF or NRAS driver 

mutations, found in roughly 50% and up to 28% of advanced CM patients, respectively 18, 19. Conversely, 

in UM, BRAF and NRAS mutations are considered to be absent 20. In addition to BRAF and NRAS 

mutations, activating alterations in KIT can be identified as driver mutations in approximately 10-

20% of advanced CM patients (primarily in CM arising from chronically sun-damaged skin) 21.

In contrast to CM, UM is characterized by GNAQ or GNA11 driver mutations which are present 

in approximately 90% of primary UM lesions 22, 23. Activating GNAQ and GNA11 mutations 

upregulate multiple pathways downstream of G-protein-coupled receptors. These pathways 
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1
include the MAPK pathway, the β-catenin pathway and the Hippo pathway (figure 2) 24. The 

main function of the Hippo pathway is the control of organ size through cell proliferation 

and apoptosis; the β-catenin pathway is identified for its role in embryonic development. 

Furthermore, the PI3K/AKT/mTOR pathway, a pathway regulating cell growth and survival, 

is also constitutively activated by oncogenic GNAQ/GNA11 signalling 25, 26. Besides their 

involvement in the pathogenesis of UM, all of these pathways have been implicated in the 

development of multiple other malignancies 27-29. 
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Figure 2: Major signalling pathways in cutaneous and uveal melanoma.
A simplified scheme depicting several important signalling pathways in both uveal melanoma (UM, blue) 
and cutaneous melanoma (CM, green). In CM and UM, oncogenic activation of the mitogen-activating 
protein kinase (MAPK) pathway can occur as a result of mutations in proteins upstream or within this 
pathway. In CM, these driver mutations are commonly NRAS or BRAF mutations. Furthermore, KIT 
mutations, which are present in a subset of CM, may also activate the MAPK pathway. Conversely, in UM 
patients, either a GNAQ or GNA11 mutation is identified as the driver mutation in approximately 90% of 
cases. Through PKC, these mutations can also result in the activation of the MAPK-pathway. In addition, 
GNAQ and GNA11 drive the proliferation of UM cells through proteins such as ARF6 and β-catenin in the 
β-catenin pathway and TRIO and YAP in the hippo pathway. Furthermore, the PI3K/AKT/mTOR pathway 
is also constitutively activated by oncogenic GNAQ/GNA11 signalling. Abbreviations: CM, cutaneous 
melanoma; UM, uveal melanoma. 

Local treatment 
At first presentation, in approximately 95% of CM patients distant metastatic disease is lacking 
5. In a similarly large portion of UM patients (up to 97%), disease is limited to the ocular region 

only 30. In the absence of distant metastatic disease, initial disease management in these UM 

and CM patients primarily involves local treatment modalities. 
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Local treatment of localised and locoregional advanced cutaneous melanoma
Surgical resection with curative intent is the primary treatment modality for localised and 

locoregional advanced CM. For primary CM lesions, a surgical excision margin of 0,5-2 cm based 

on tumour thickness is indicated 31. Moreover, to allow for improved prognostication and to guide 

future adjuvant treatment, a sentinel lymph node biopsy (SLNB) may be indicated. An SLNB 

involves the injection of a radioactive tracer dye at the site of the primary tumour. Using a hand-

held gamma probe and through the visual identification of the accumulation of the dye, the first 

tumour-draining lymph node(s) (the sentinel node(s)) within the regional lymph node basin can 

be detected. Subsequently, the sentinel node(s) is/are surgically removed and histopathologically 

assessed for the presence of any micrometastatic disease (figure 3). An SLNB is recommended 

for primary CMs with a Breslow thickness of >1-4mm. In all other patients, an SLNB can be 

considered except in those with a non-ulcerative primary CM lesion of less than 0,8mm in Breslow 

thickness 32. Besides surgery, radiotherapy has curative potential for lentigo maligna (melanoma 

in situ) and can be considered in the palliative treatment of primary CM 33, 34. 

Injection of 
radioactive 
tracer dye

Surgical removal 
of

sentinel node(s)

Sentinel 
node(s)

Assessment for the 
presence of 

micrometastatic
disease

Primary 
tumour

Figure 3: The sentinel lymph node biopsy procedure. 
Radioactive dye is injected in the vicinity of the primary tumour. Using a hand-held gamma probe and 
through the visual identification of the accumulation of the dye, the first tumour-draining lymph node(s) 
(the sentinel node(s)) can be detected within the regional lymph node basin. Following surgical removal, 
the sentinel lymph node(s) is/are assessed for the presence of any micrometastatic disease.

Until recently, a radical lymph node dissection (RLND) was the standard of care for all CM 

patients having nodal metastases. These included patients who were diagnosed following a 

positive SLNB 35. However, in the MSLT-II trial, no significant difference in melanoma-specific 

survival was found between SLNB-positive patients undergoing an RLND and SLNB-positive 

patients who were observed by periodic ultrasonographic examinations of the nodal basin 36. 

Therefore, an RLND is no longer recommended for low-risk SLNB-positive patients 33. For 

nodal CM metastases with high-risk features in the SLNB, it is recommended to only consider 
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observation after a thorough discussion with the patient weighing all the potential risks and 

benefits. High-risk features are defined by the exclusion criteria of the MSLT-II trial and are 

composed of characteristics such as extra-capsular extension and more than two involved 

basins 32. For patients with palpable or radiologically detectable lymph node metastases, an 

RLND remains the standard of care 37. 

Local treatment of primary uveal melanoma

Historically, an enucleation, i.e. the complete surgical removal of the affected eye, was the 

preferred treatment option for localized UM. Nowadays, the mainstay of therapy consists of 

vision- and eye-preserving modalities. In the 90s, several studies failed to show a significant 

difference in overall survival (OS) between patients being treated with an enucleation and those 

receiving radiotherapy 38-41. Therefore, most patients are treated with radiotherapy consisting 

of brachytherapy, proton beam radiotherapy or stereotactic radiotherapy. Additional treatment 

options include transpupillary thermotherapy and photodynamic therapy 42. Nowadays, an 

enucleation is generally preserved for large tumours or tumours in the proximity of the optical 

disc. Ultimately, the choice of therapy depends on the availability of the different treatment 

options, tumour and patient characteristics, along with the patient’s preferences 43. 

Risk of recurrence

Following local treatment, both CM and UM patients are at risk for disease recurrence. In 

localized CM, risk of recurrence and prognosis are primarily determined by the Breslow depth 

and the presence of ulceration. Following the resection of localized CM, thick primary lesions 

of >4mm or ulcerative lesions of >2mm are associated with poorer OS. In these cases, 5-year 

melanoma-specific survival rates range from 82% (>4mm thick ulcerative lesions) to 90% 

(>4mm thick non-ulcerative lesions) 44. In locoregional advanced CM, the number of affected 

lymph nodes and the presence of matted nodes, in-transit metastases and/or (micro-)satellite 

metastases also determine prognosis following surgery. Furthermore, whether lymph node 

metastases were detected clinically or as a result of an SLNB is of prognostic importance. 

Resected locoregional advanced CM is associated with particularly high recurrence rates 

resulting in 5-year melanoma-specific survival rates varying from 93% (stage IIIA) to 32% 

(stage IIID). 

UM patients develop metastatic disease in 50% of cases despite local treatment 45. A large 

number of histopathological and genetic factors influence prognosis in UM. The following 

prognostic factors are recognized for primary choroidal and ciliary body UM: tumour size, 

involvement of the ciliary body and the presence and extent of extraocular extension. Iris 

melanoma rarely metastasizes 46-48. Important genetic aberrations increasing the risk of 

metastatic spread in UM are: monosomy 3, the gain of chromosome 8q and a BAP1 mutation 49-

51. In addition, an EIF1AX mutation is associated with longer recurrence-free survival (RFS) and 
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a lower risk of metastatic disease and an SF3B1 mutation is associated with a late occurrence 

of metastases 52. 

Surveillance

Considering the risk of recurrence, follow-up after primary treatment is indicated for both 

UM and CM patients. In CM, routine inspections by a dermatologist are an important part 

of recurrence surveillance as CM can re-occur at the site of the primary lesion and because 

these patients have an increased risk of developing a second primary CM 53. As most of these 

local recurrences and secondary primary CM’s are found by patients themselves, patient self-

examination is also very important in the follow-up of CM 54. Imaging to detect recurrence may 

also be considered but should be tailored to the predicted risk of recurrence. In patients with 

thin primary tumors, performing imaging to detect recurrence is not indicated given the low 

risk of recurrence in these cases 33. In patients with thicker primary tumors or treated (lymph 

node) metastases, periodic imaging using ultrasound, CT or PET/CT may lead to an earlier 

diagnosis of recurrence 55. When patients are receiving adjuvant treatment, CT at regular 

intervals is commonly performed. Imaging in this setting helps to rapidly identify recurrence, 

preventing the continuation of ineffective adjuvant treatment. In patients in whom thick primary 

CM or locoregional advanced disease is resected but are not receiving adjuvant treatment, 

there is no consensus concerning the frequency and methods of surveillance 33, 56. 

For UM, it is harder to make surveillance recommendations given its low incidence rate. At 

least, periodic ophthalmologic examination is needed for the identification of local recurrence 

and to monitor for side-effects resulting from local treatment 42. Despite the limited number 

of treatment options available for metastatic disease (discussed below), surveillance for 

systemic recurrence in UM is still indicated as clinical benefit following metastasectomy has 

been reported in a select subpopulation 57. Abdominal MRI or ultrasound of the liver are the 

preferred method for systemic surveillance in most centers, although there is no consensus 

concerning the frequency and the total duration of this follow-up 42, 58. 

Systemic treatment
For most patients having distant metastatic disease, systemic treatment is the only remaining 

option 57, 59, 60. Notably, systemic treatment is far more effective in metastatic CM than in 

metastatic UM. 

Systemic treatment of metastatic cutaneous melanoma

Chemotherapy was the mainstay of treatment in CM until a decade ago although CM is highly 

chemotherapy-resistant. Before 2010, the median OS of irresectable or distant metastatic CM 

was a mere 6-9 months 61. Nowadays, targeted therapy (TT) and immune checkpoint inhibition 
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(ICI) (box 1; table 1) replaced chemotherapy as the primary treatment modality for these 

patients resulting in an improved median OS approximating 2 years 62. 

Box 1: Immunotherapy and targeted therapy: revolutionizing oncology

For about half a century, systemic treatment in the field of oncology was largely defined by chemotherapy. 
Nowadays, targeted therapy (TT) and immunotherapy have shown efficacy in a wide variety of malignancies 
and have revolutionized the treatment of cancer. TT aims at intervening in signalling pathways or in the 
function of proteins that are specific to cancer cells or the cancer growth-promoting environment. 

Immunotherapy harnesses the immune system to eradicate cancer cells. Immunotherapeutic agents 
currently applied in the clinic primarily involve immune checkpoint inhibition (ICI). ICI consists of 
monoclonal antibodies targeting immune checkpoint molecules whose physiological function is to 
maintain peripheral tolerance and prevent auto-immunity. In the context of cancer, immune checkpoint 
molecules may inhibit the anti-tumour immune response. ICI is intended to block the functioning of 
these immune checkpoint molecules to enhance the cancer-eradicating potential of the immune system. 

Besides ICI, immunotherapy also includes the investigation of modalities such as chimeric antigen 
receptor T-cell (CAR-T) therapy, oncolytic virus therapy, adoptive transfer of autologous tumour-
infiltrating lymphocytes (TIL-therapy) and anti-cancer vaccination. Although some immunotherapeutic 
agents, other than ICI, have been approved for a limited number of indications, most of these modalities 
are currently not available in the clinic outside of trials.

TT for the treatment of metastatic CM consists of BRAF inhibition (BRAFi) and MEK inhibition 

(MEKi). Importantly, as BRAFi and MEKi are intended to inhibit the constitutively activated 

MAPK-pathway resulting from an aberrant BRAF protein, the presence of a V600E or V600K 

BRAF mutation is required for these agents to be effective. In 2011, vemurafenib was the first 

BRAF-inhibitor approved for the treatment of metastatic CM harbouring an activating BRAF 

mutation. Vemurafenib induced a response in almost half (48%) of patients with a BRAF 

mutation, compared to an overall response rate (ORR) of 5% for dacarbazine, the most commonly 

utilized chemotherapeutic agent at the time 63, 64. Median progression-free survival (PFS) was 

also improved from 1.6 months in the dacarbazine group to 5.3 months with vemurafenib (hazard 

ratio (HR) 0.26, p<0.001) 64. However, most, if not all, patients eventually endure recurrence on 

monotherapy BRAFi mainly due to downstream reactivation of the MAPK-pathway 65. To counteract 

this form of acquired resistance, MEKi was introduced. In 2014, it was shown that combined 

treatment with BRAFi and MEKi (BRAF-MEKi) leads to improvement in PFS over BRAFi alone 

(12.3 months vs. 7.2 months; HR 0.70, p=0.005) 66. These results made BRAF-MEKi the preferred 

form of TT in metastatic CM. Currently, BRAF-MEKi approved for BRAF-mutated metastatic CM 

are vemurafenib-cobimetinib, dabrafenib-trametinib and encorafenib-binimetinib. 

Systemic immunotherapy approved for the treatment of metastatic CM consists of ICI targeting 

the CTLA-4 and PD-1 checkpoint molecules. CTLA-4 inhibition (ipilimumab) was the first 

approved form of ICI for the systemic treatment of metastatic CM. Ipilimumab is a monoclonal 
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antibody which acts upon CTLA-4. CTLA-4 binds to CD80 (B7-1) and CD86 (B7-2) with higher 

affinity than CD28 thereby preventing co-stimulatory signalling between CD28 and CD80/86. 

Through the blockade of CTLA-4, ipilimumab enhances CD28-associated co-stimulatory 

signalling between T-cells and dendritic cells (DC)s in the priming phase of cytotoxic T-cells in 

the lymph node (figure 4, panel A) 67.
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Figure 4: Mechanism of action of CTLA-4 and PD-1 inhibition.
CTLA-4 inhibition acts primarily in lymphoid tissue during the initiation of an immune response (panel 
A). CTLA-4 binds with CD80 (B7-1) and CD86 (B7-2) to prevent co-stimulatory signalling through their 
ligand CD28. Blocking CTLA-4, enhances T-cell activation by restoring co-stimulatory signalling between 
CD28 and CD80 or CD86. In contrast to CTLA-4, PD-1 functions mainly in the effector phase of T-cells 
and is upregulated on T-cells after activation (panel B). PD-1 exerts its T-cell-inhibiting function by 
interacting with PD-L1 which is mainly expressed on non-lymphoid tissues. Melanoma cells can avoid 
T-cell-mediated destruction by upregulating PD-L1 expression. This results in T-cell attenuation through 
PD-1/PD-L1 signalling. PD-1 inhibition is intended to block the interaction between PD-1 and PD-L1, 
aiming to enhance the anti-tumour activity of T-cells. Abbreviations: mAb, monoclonal antibody; MHC, 
Major histocompatibility complex.

In 2010, ipilimumab was found to improve the median OS of metastatic CM patients to 10 

months while in the patients receiving a gp100 peptide vaccine a median OS of 5.5 months 

was seen 68. Ipilimumab has an ORR of 11-19% in metastatic CM which was an important 

improvement at the time 69, 70. Furthermore, approximately 20% of patients achieve long-term 

OS (> 10 years) following ipilimumab treatment 71. In metastatic CM, ipilimumab is associated 

with grade 3 and 4 (primarily immune-related) toxicity in approximately 25% of patients 68, 69.
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In 2014, two monoclonal antibodies inhibiting PD-1 (nivolumab and pembrolizumab) were 

approved for the treatment of metastatic CM. PD-1 is expressed on T-cells upon activation and 

is thought to be mainly involved in the modification of T-cell action in their effector phase 72. 

PD-1 regulates T-cell function through the interaction with PD-L1, which is widely expressed in 

non-lymphoid tissues 73-75. PD-L1 can also be expressed on CM cells and upon binding with PD-

1, T-cell action is attenuated. By intervening in the interaction between PD-1 and PD-L1, PD-1 

inhibition aims to enhance the anti-tumour activity of T-cells (figure 4, panel B) 72. Compared 

to ipilimumab, PD-1 inhibition achieves higher ORRs in metastatic CM (36-44%) while lower 

toxicity rates are seen (grade 3 or 4 toxicity rate: 10-16%) 69, 76. An even higher ORR, up to 58%, 

can be induced when ipilimumab and nivolumab are administered concomitantly (ipilimumab-

nivolumab) 69. Furthermore, a recent study reported the 5-year OS rate following ipilimumab-

nivolumab to be as high as 52% 77. However, this higher efficacy comes at the cost of significant 

toxicity with grade 3 or 4 adverse events seen in up to 59% of patients 78. 

Adjuvant treatment of cutaneous melanoma

The success of TT and ICI in metastatic CM led to the initiation of trials testing these modalities 

for the adjuvant treatment of locoregional advanced CM (table 1). As introduced before, 

especially following the resection of locoregional advanced CM, recurrence rates are high. 

Therefore, in these patients, adjuvant treatment is warranted. Before the introduction of ICI and 

TT, adjuvant treatment for CM was not given or consisted of interferon (IFN)-α or radiotherapy. 

However, IFN-α provides little OS benefit and adjuvant radiotherapy only improves RFS without 

improving OS 79, 80. In 2015, the FDA approved ipilimumab for the adjuvant treatment of CM after 

it showed benefit in terms of RFS and OS for stage III CM patients 81, 82. However, the high rate 

grade 3 or 4 treatment-related toxicity (42-46%) hampered its widespread application 60, 81.

Table 1: FDA-approved targeted therapy and immune checkpoint inhibition for the systemic (adjuvant) 
treatment of cutaneous melanoma (as of November 2019).

Metastatic cutaneous 
melanoma

Resected locoregional advanced cutaneous 
melanoma (adjuvant treatment)

Immune checkpoint 
inhibition

Ipilimumab Ipilimumab

Nivolumab Nivolumab

Pembrolizumab Pembrolizumab

Ipilimumab-nivolumab

Targeted therapy* Vemurafenib Dabrafenib-trametinib

Dabrafenib

Vemurafenib-cobimetinib 

Dabrafenib-trametinib

Encorafenib-binimetinib

*only indicated for the treatment of cutaneous melanoma harbouring a V600E or V600K BRAF mutation.
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Recently, the results of adjuvant treatment using BRAF-MEKi and PD-1 inhibition were 

published. In one of these trials, a three-year OS rate of 86% was seen following dabrafenib-

trametinib treatment compared to 77% in the patients receiving placebo (HR for death 0.57, 

p = 0.0006). Toxicity however, was substantial as 41% of patients experienced grade 3 or 4 

toxicity 83. In two additional trials, nivolumab and pembrolizumab have shown to improve RFS 

in the adjuvant setting of CM. Adjuvant nivolumab improved the one-year RFS rate of stage 

IIIB and IIIC patients to 72.3% while in ipilimumab-treated patients an one-year RFS rate of 

61.6% was seen (HR for recurrence or death 0.65, p < 0.001) 60. Adjuvant pembrolizumab was 

tested against placebo in stage IIIA, IIIB and IIIC CM patients resulting in one-year RFS rates of 

75.4% and 61.0%, respectively (HR for recurrence or death 0.74, p < 0.001) 84. With grade 3 or 4 

toxicity occurring in 14-15% of patients, toxicity rates associated with adjuvant PD-1 inhibition 

are considerably lower than those observed in adjuvant ipilimumab and adjuvant BRAF-MEKi 
60, 82, 84. Following the results of these trials, both the FDA and EMA have approved adjuvant 

nivolumab, pembrolizumab and dabrafenib-trametinib, although OS data for nivolumab and 

pembrolizumab are still pending.

Systemic treatment of metastatic uveal melanoma

Due to the low incidence rate of UM, few phase III trials have been performed and limited 

advances in the treatment of UM are made. As a consequence, median OS of metastatic UM is 

approximately 6-12 months, without substantial improvement for decades 9, 85-87. 

Given the predilection of UM metastases to occur in the liver, liver-directed therapies can be 

considered. Liver-directed therapeutic options include chemoembolization, surgical resection 

and hepatic perfusions. Although improvement in PFS is reported, gain in OS has not been 

shown prospectively 88-90.

TT in the treatment of metastatic UM has led to disappointing results 25. As beforementioned, 

activating BRAF mutations are lacking in UM. Considering the molecular pathways involved in 

the pathogenesis of UM (figure 2), there is a rationale to target proteins downstream of GNAQ 

and GNA11, such as MEK and PKC. Unfortunately, despite modestly promising results in a 

phase II trial, the phase III trial testing MEKi (in the form of selumetinib) with dacarbazine failed 

to meet its primary endpoint (PFS) 91, 92. Likewise, other forms of TT also did not improve clinical 

outcome in metastatic UM 25.

ICI seems to have only limited activity in metastatic UM. Studies investigating CTLA-4 inhibition 

and monoclonal antibodies targeting the PD-1/PD-L1 axis have reported ORRs not higher than 

8% 93-95. Combined ipilimumab-nivolumab treatment in metastatic UM has shown better ORRs 

of up to 21% 96-99. Prospective randomized data on ipilimumab-nivolumab is lacking due the low 

incidence of this form of melanoma 69. Despite these largely disappointing results, a recently 



 General introduction and outline

23

1
published retrospective analysis did show a slightly but statistical significantly improved OS 

of metastatic UM patients since the introduction of ICI 96. In addition to ICI, other forms of 

immunotherapy have also been tested to treat metastatic UM. For example, in an ongoing trial 

by Chandran et al., investigating TIL-therapy (see box 1), a response was induced in 7 out of 20 

evaluable patients, resulting in a remarkable ORR of 35% 100. 

The previous results show that UM might have some susceptibility to immunotherapy, however 

no immunotherapeutic agent (or any other modality for that matter) has shown to significantly 

improve OS in randomized prospective clinical trials. Therefore, there is an urgent need for 

improved treatment strategies in metastatic UM. 

Cutaneous and uveal melanoma: moving forward
Despite extensive research efforts and even though the treatment of metastatic CM has advanced 

substantially in the last decade, in both CM and UM treatment is amendable to improvement. 

Considering UM and CM are radically different diseases and the efficacy of systemic treatment 

varies substantially between the two types of melanoma, both malignancies pose specific 

challenges to achieve progress. 

Cutaneous melanoma: improving response at the cost of less toxicity

Despite the impressive improvement in the prognosis of metastatic CM patients following 

the advent of ICI and BRAF-MEKi, only a minority of patients exhibits durable responses. To 

improve this, research in CM involves numerous immunotherapeutic agents (see also box 1) 

in hope of finding even more potent treatment options. Additionally, improving the efficacy of 

existing immunotherapies in CM is currently also a topic of intense study. In 2013, Chen and 

Mellman proposed the cancer-immunity cycle, illustrating the steps cytotoxic T-cells have to 

complete before malignant cells can be successfully eradicated 101. Based on this paradigm, 

progress in metastatic CM might involve combining different immunotherapeutic agents 

targeting separate steps of the cancer-immunity cycle with the aim of achieving synergism.

Another serious issue in CM patients is the treatment-related toxicity in the adjuvant setting. In 

the natural course of resected locoregional advanced CM, a substantial portion of patients will 

not endure recurrence even without adjuvant treatment. Currently, in the guidance of treatment 

decisions, there is no reliable method to distinguish the patients who will endure recurrent 

disease from those who will not relapse. Consequently, a substantial group of patients receives 

adjuvant treatment without having any potential clinical benefit. Therefore, CM research also 

focuses on the development of prognostic and predictive biomarkers to enable stricter patient 

selection and ways to reduce treatment-associated toxicity. 
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Uveal melanoma: understanding the reasons behind immunotherapy resistance

Improvements in the treatment of metastatic UM are even more urgently needed. As detailed 

above, UM’s molecular make-up causes current forms of TT to be ineffective and ICI has 

failed to improve OS in prospective studies. The reasons behind UM’s relative resistance to 

immunotherapy are not well understood. One proposed reason is the low tumour mutational 

burden (TMB) seen in UM 102. A high TMB results in a higher number of (neo)epitopes for the 

immune system for malignant cells recognition 103. Indeed, it has been shown that tumours 

with a higher TMB tend to be more responsive to ICI 104. This may partly explain the striking 

difference in response to ICI between UM and CM, as the TMB in CM is among the highest of 

all malignancies 105.

Another important factor may be the origin of UM as the eye is considered to be an immune-

privileged site. This immune-privilege has the physiological function to preserve eyesight by 

minimizing the chance of excessive inflammation during pathogen clearance 106. Several factors 

are recognized in maintaining the immune-privilege of the eye. These include the presence of 

immunosuppressive proteins in the aqueous humour of the eye, such as TGF-β, α-MSH and 

VIP. Other important immunosuppressive mechanisms in the eye include the upregulation of 

PD-L1 and the downregulation of major histocompatibility complexes (MHC) on ocular cells 107. 

Furthermore, several anatomic features of the eye limit the generation and extend of immune-

responses in the eye. For example, the eye lacks lymphatic vessels and is surrounded by an 

eye-blood barrier, both inhibiting immune cell infiltration in the eye 108. All these factors also 

diminish the immune response against malignant UM cells. In addition, it is believed that UM 

cells retain and employ the mechanisms involved in maintaining the immune-privilege to avoid 

immune-mediated destruction during metastatic spread 109. 

Consequently, to improve the prospect of metastatic UM patients, research should be focused, 

among others, on gaining a deeper understanding of the interaction between UM and the 

immune system. As leukocytes are considered pivotal effectors of the immune system, their 

role during the development and progression of UM is probably of vital importance. Currently, 

multiple aspects concerning the role of these immune cells within UM need elucidation (figure 

5). For example, for reasons not well understood and in contrast to what is commonly found in 

other malignancies, a higher number of tumour-infiltrating lymphocytes might be associated 

with a worse prognosis in UM 110-113. Furthermore, there is no consensus in literature concerning 

the frequency of occurrence of regulatory T-cells, a potent immunosuppressive cell type, within 

the tumour micro-environment (TME) of UM 112-115. Studying these knowledge gaps may further 

elucidate the role of immune cells within the TME of UM and may provide insight into UM’s poor 

response to immunotherapy. 



 General introduction and outline

25

1
A B

Figure 5: Immune cell infiltrate in uveal melanoma. 
Images showing immune cell infiltrates in a primary uveal melanoma (UM; panel A) and a UM metastasis 
(panel B). Images were obtained using multiplex immunohistochemistry and show UM cells (white/grey), 
CD4+ T-cells (red), CD8+ T-cells (cyan blue), FoxP3+ regulatory T-cells (green), natural killer cells (yellow) 
and B-cells (magenta). Images by W. van Willigen and M. Gorris.

Dendritic cell vaccination: a future melanoma treatment?
DC vaccination is an immunotherapeutic modality currently being investigated in clinical trials 

and has features which may be beneficial in improving the management of melanoma patients.

Overview and mechanism of action

DC vaccination utilizes the crucial role DCs have in the process of immunosurveillance. 

Immunosurveillance signifies the detection and elimination of both pathogens and cancer cells 

by the immune system 116. However, the development of a malignancy is an indolent process 

in its early stages, and therefore, immunosurveillance occasionally fails. At an early stage, 

tumours sometimes silence an initiated immune response or fail to express the ‘danger signals’ 

necessary for the activation of the immune system. When the process of immunosurveillance 

fails, one of the hurdles for the outgrowth of cancer cells is omitted. 

DC vaccination aims to correct this failure by reversing the ignorance of the immune system 

to malignant cells. To achieve this, DCs are stimulated ex vivo with danger signals and loaded 

with tumour-specific antigen(s) on their MHC molecules with the intent of activating antigen-

specific T-cells to selectively eliminate antigen-bearing cancer cells (figure 6). 
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Figure 6: The induction of a tumour-specific immune response by dendritic cell vaccination. 
Dendritic cells (DC)s are injected in the lymph node (not shown). In the lymph node, tumour-antigen loaded 
DCs activate tumour-antigen specific T-cells (panel A). Subsequently, the activated T-cells leave the lymph 
node to patrol the body for their respective antigen. When the target is found, these T-cells exert their 
cytotoxic action within the tumour micro-environment (panel B). Abbreviations: DC, dendritic cell; MHC, 
Major histocompatibility complex.

DC vaccines are produced according to some basic principles (figure 7). Naturally circulating 

DCs (nDC)s or monocytes are isolated from autologous peripheral blood mononuclear cells 

obtained by apheresis. In the case of monocytes, ex vivo differentiation into DCs is required. 

Both nDCs and monocyte-derived DCs (moDCs) are matured as this is essential for effective 

T-cell activation. Maturation is associated with functional and morphological changes in DCs. 

Following maturation, DCs show enhanced expression of MHC class I and II, co-stimulatory 

molecules and an increased capability for cytokine production. These processes are vital, as 

not or incompletely matured DCs can induce tolerance rather than immunity 117. During the 

process of vaccine manufacturing, DCs are loaded with relevant tumour antigen(s) to induce 

a tumour-specific immune response in the patient. As with the other steps in the process 

of manufacturing DC vaccines, several methods to load DCs with antigen exist 118. Finally, 

after quality control, vaccines are administered to the patient. The majority of research 

groups, including our own, employ treatment schemes with multiple vaccinations to induce 

immunological memory 119.
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Figure 7: Manufacturing of dendritic cell vaccines. 
The manufacturing process of both monocyte-derived DC (moDC) vaccines and naturally circulating DC 
(nDC) vaccines is depicted. First, autologous monocytes or nDCs are obtained from the patient by apheresis. 
For the manufacturing of moDC vaccines, monocytes first have to be differentiated into dendritic cells (DC)
s. These DCs are subsequently matured and loaded with antigen. Finally, mature antigen-loaded DCs are 
administered to the patient. Abbreviations: DC, dendritic cell; nDC, naturally circulating dendritic cell.

Despite these basic principles, protocols describing the specific details of DC vaccine 

manufacturing in trials vary widely. Differences in these protocols cover all aspects of DC 

vaccination including culture methods, the usage of DC subsets, maturation methods, antigen 

loading techniques, used antigens as well as the route of administration. Especially the subset 

of DCs used, the method of maturation and the choice of antigen(s) are subjects of intense 

research. For example, instead of moDCs, nDCs may be used as nDCs do not require extensive 

culturing which is believed to retain their functionality better. 

Regardless of the protocol employed, DC vaccination is associated with a very favourable toxicity 

profile. The majority of side effects reported in various clinical trials were short-lived grade 1 

or 2 adverse events, consisting of self-limiting flu-like symptoms, fever and local injection 

site reactions. Treatment-related grade 3 or 4 adverse events following DC vaccination as 

standalone therapy are very uncommon 120, 121. 

Dendritic cell vaccination in the treatment of melanoma: the past and the future

In previous years, DC vaccination has been tested in both CM and UM. In UM, our group has 

tested DC vaccination both as adjuvant and palliative treatment. We vaccinated 14 metastatic 

UM patients and observed a relatively long median OS of 19.2 months 122. In the adjuvant 
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setting, 23 high-risk UM patients (as defined by the presence of monosomy 3 in the primary 

tumour) were vaccinated. A three-year OS rate of 79% was found which compared favourably to 

the approximate 60% reported in literature for high-risk UM patients 123. Currently, a phase III 

study to test moDC vaccination loaded with autologous tumour RNA for the adjuvant treatment 

of high-risk UM is ongoing (NCT01983748). 

In metastatic CM, DC vaccination achieves an ORR of approximately 8.5% which is considerably 

less than the ORRs reported following ICI treatment 121. The low ORR following DC vaccination 

in metastatic CM may be explained by the presence of immunosuppressive factors in the TME. 

These immunosuppressive factors include the expression of checkpoint molecules by CM 

cells, the presence of certain cell populations (regulatory T-cells; myeloid-derived suppressor 

cells) and soluble factors (such as TGF-β, IL-10 and VEGF) within the TME 124-127. 

Due to its low ORR, it is unlikely for DC vaccination as monotherapy to gain a role in the 

treatment of metastatic CM patients in the future. Still, DC vaccination has potential as a 

treatment modality in CM. For example, DC vaccination may be combined with other forms 

of (immuno-)therapy (for example, ICI) to achieve synergism. Another possibility may be the 

application of DC vaccination in the adjuvant setting. After surgical resection, the tumour 

burden, and tumour-associated immune suppression, is lower. Therefore, effector T-cells 

activated following adjuvant DC vaccination may be more effective in eliminating any remaining 

CM cells. In patients vaccinated by our group, we detected antigen-specific T-cells in 71% of 

stage III CM patients following adjuvant DC vaccination compared to 23% upon DC vaccination 

in metastatic setting 128, 129. In addition, in a retrospective study, we found the OS of patients 

adjuvantly treated with moDC vaccination to be significantly improved compared to a control 

cohort (63.6 months vs. 31.0 months HR 0.59; 95% CI 0.42-0.84; p=0.018) 128. Finally, its excellent 

safety profile is an important advantage of DC vaccination, particularly in the adjuvant setting. 

Evidently, to consider DC vaccination as an adjuvant treatment option, efficacy has to be proven, 

a phase III trial to that end is currently ongoing (MIND-DC trial; NCT02993315).

Conclusion

Despite both arising from melanocytes, UM and CM are radically different diseases. Since 

the introduction of ICI and TT approximately a decade ago, the prognosis of metastatic CM 

patients has improved considerably. In addition, ICI and TT recently also demonstrated efficacy 

in the adjuvant treatment of resected locoregional advanced CM. In contrast, up until now, 

neither ICI nor TT have shown to improve the dismal prognosis of metastatic UM patients. 

Consequently, to further improve the prospect of patients, metastatic CM and UM each have 

specific challenges to overcome. 
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In CM, it is important to consider treatment-associated toxicity in the adjuvant setting. Toxicity is 

particularly relevant in these patients as a substantial portion of them will not endure recurrence 

regardless of whether or not they receive adjuvant treatment. In this respect, the favourable 

toxicity profile of DC vaccination can be considered an important advantage and a clinical trial 

assessing the efficacy of adjuvant DC vaccination is currently ongoing. Furthermore, given its 

ability to generate a cellular anti-cancer immune response, DC vaccination may potentiate the 

efficacy of sequential or concomitant ICI in metastatic CM. Whether and how (adjuvant) DC 

vaccination should be integrated into the treatment landscape of CM depends on the outcome 

of the MIND-DC trial, the pending OS data of the adjuvant PD-1 inhibition trials and studies 

investigating DC vaccination in combination with other treatment options in CM (for example 

the combination of DC vaccination and PD-1 inhibition; NCT03092453).

In metastatic UM, the most commonly employed form of immunotherapy, ICI, has only limited 

activity. In order to improve the management of UM patients, it is crucial to have a deeper 

understanding of the interaction between the immune system and UM. This may form the basis 

to improve the efficacy of ICI in UM or to consider alternative forms of immunotherapy, such as 

TIL-therapy and DC vaccination, for the treatment of UM. 
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Outline of the thesis

Through the research presented in this thesis, we tried to gain more insight in cutaneous 

melanoma (CM) and uveal melanoma (UM) with the ultimate aim to improve their management. 

In particular the integration of dendritic cell (DC) vaccination in the treatment landscape of CM 

is a major topic in this work.

An introduction to both CM and UM is given in chapter 1. Herein, the incidence, main clinical 

features, etiology and the currently available treatment options for both forms of melanoma 

are described. In addition, it outlines the challenges encountered in, and identifies the potential 

improvements to, the systemic treatment of CM and UM. Finally, the mechanism of action and 

characteristics of DC vaccination are introduced. 

In chapter 2, aiming to improve our understanding of the immune biology of UM, a study is 

presented investigating immune cell infiltration in primary and metastatic lesions using 

multiplex immunohistochemistry. It determines and quantifies the presence of several subsets 

of lymphocytes in the tumour micro-environment of UM and studies the prognostic relevance 

of these tumour-infiltrating lymphocytes.

In chapter 3, the current status and recent developments concerning the application of DC 

vaccination in the treatment of several forms of cancer is discussed. The rationale behind 

treating patients with DC vaccination in the adjuvant setting or in combination with immune 

checkpoint inhibition (ICI) in metastatic setting is also elaborated upon. The subsequent 

chapters of this thesis specifically focus on the application of DC vaccination in the treatment 

of CM. Whether CM patients with resected locoregional advanced disease should be re-staged 

prior to the initiation of any adjuvant treatment (including adjuvant DC vaccination) is studied 

in chapter 4. In this study, the rate of rapidly recurrent disease, which is defined as relapse 

occurring after resection and prior to the anticipated initiation of adjuvant treatment, in stage 

III CM patients during eligibility screening for an adjuvant DC vaccination trial is determined. 

The potential synergy between adjuvant DC vaccination and subsequent ICI is investigated in 

chapter 5. In chapter 6, the synopsis of a clinical protocol designed to investigate the concurrent 

(instead of sequential) administration of nivolumab (a PD-1 inhibitor) and DC vaccination for 

the treatment of metastatic CM is presented. 

To conclude, the results of this thesis are summarized and future perspectives are discussed 

in chapter 7.
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Abstract

Introduction
Uveal melanoma (UM) is a rare cancer with approximately 50% chance of metastatic disease 

despite effective local treatment. Metastatic UM is notorious for its poor prognosis due to 

its resistance to systemic treatment including targeted therapy and immunotherapy. A more 

profound understanding of the lymphocytic infiltration in both primary UM and UM metastases 

is needed to direct future immunotherapeutic intervention in UM. 

Materials and methods
A total of 49 primary UM lesions and 31 UM metastases from 57 patients, including 10 

patients with paired primary and metastatic lesions, were obtained. We used multiplex 

immunohistochemistry to identify cytotoxic T-cells (CD8+), helper T-cells (CD3+/CD8-), 

regulatory T-cells (FoxP3+; Tregs) and B-cells (CD20+).

Results
Monosomy 3 and a BAP1 mutation were present in 84% and 79% of patients, respectively. 

Tumour-infiltrating lymphocytes (TILs) were identified in densities ranging from 26 to 7192 

cells/mm2 in primary lesions and from 72 to 6353 cells/mm2 in metastases. Cytotoxic T-cells 

were the most commonly found subset in both primary UM (median density: 459 cells/mm2) 

and UM metastases (median density: 659 cells/mm2). With a median density of 78 cells/mm2 

in primary UM and 266 cells/mm2 in UM metastases, helper T-cells were the second most 

common TIL subset. Tregs and B-cells were present to a lesser extent. No strong correlations 

in the lymphocyte infiltrate density were found between paired primary and metastatic UM 

lesions, neither was a correlation found between TIL densities in primary UM and overall 

survival.

Conclusion
UM has a variable density of infiltrating lymphocytic cells, predominantly consisting of CD8+ 

and CD3+/CD8- (CD4+) TILs. There was no strong association between lymphocyte infiltration 

density in paired samples. Finally, CD8+ and lymphocytic infiltration were not confirmed as 

independent prognostic factors in high-risk primary uveal melanoma. 
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Introduction

Uveal melanoma (UM) is a malignancy arising from melanocytes residing in the choroid, the 

ciliary body or the iris, collectively named the uveal tract. Although UM is the most frequently 

occurring primary intraocular tumour in adults, it is a rare cancer with an annual incidence 

rate of 2 - 8 per million 1, 2. Despite effective local treatment, approximately half of the patients 

will eventually develop metastatic disease, which occurs mainly in patients with tumours 

harbouring high-risk features such as monosomy 3 or inactivating mutations in the BRCA1-

associated protein-1 (BAP1) gene 3-6. Systemic treatment rarely leads to clinical benefit; UM is 

highly chemoresistant and targeted therapy (TT) with MEK inhibition is shown to be ineffective 
7, 8. In addition, immune checkpoint inhibition (ICI) is considerably less effective in metastatic 

UM compared to metastatic cutaneous melanoma (CM) 9-17. As a consequence, median overall 

survival (OS) of metastatic UM is a dismal 6-12 months 18, 19. 

Studying tumour immune cell infiltration has provided insight in the mechanisms behind 

immune attack and evasion in cancer and yielded biomarkers with the potential to predict 

prognosis and response to immunotherapy in various malignancies, including CM 20-23. The 

immune cell infiltrate in UM may be particularly interesting as the primary site of disease, 

the eye, is considered to be an immune-privileged organ. Within this environment, immune 

responses are suppressed through a complex array of anatomical and immunoregulatory 

mechanisms, providing a protective niche for UM cells. UM cells themselves also adopt 

immunosuppressive mechanisms, thereby contributing to their survival in the eye and during 

metastatic dissemination 24. 

The immune cell infiltrate in primary UM consists of a heterogenous group of immune cells 

in which T-cells and tumour-associated macrophages (TAMs) are commonly found 25-28. As ICI 

mainly acts by potentiating T-cell action, studying tumour-infiltrating lymphocytes (TILs) in UM 

is of specific interest. Of the TILs found in UM, cytotoxic CD8+ T-cells are generally believed to 

be the most frequent subset and CD4+ T-cells are the second most commonly found TIL subset 
25, 28, 29. Probably due to differences in study cohorts and techniques applied for cell identification 

and quantification, reports on the exact occurrence of the different TIL subsets in UM vary. For 

example, the reported portion of primary UM lesions in which regulatory T-cells (Tregs) can be 

identified ranges from 12 to 61% 25, 30, 31. In contrast to T-cells and TAMs, low numbers of natural 

killer (NK) cells are identified in a few tumours 28, 29, 32, 33. B-cells are also rarely observed 29, 32, 

33, although one study identified B-cells to be the predominant TIL subset in a minority of UM 

lesions 34. 

Besides characterising the presence and frequency of immune cells in primary UM, some 

studies have investigated the importance of the immune system in the development of 
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metastatic UM. For instance, NK cells are thought to have a role in preventing metastatic 

dissemination 35, 36. In contrast, the presence of TAMs and TILs in primary UM is associated 

with a higher risk of melanoma-specific mortality 26, 37. While the detrimental influence of TAMs 

could be explained by their predominantly immunosuppressive phenotype in UM, the inverse 

correlation between the presence of TILs and OS is less well understood 27. 

Until now, studies investigating the composition of the immune cell infiltrate in UM have largely 

focussed on primary UM and considerably less on UM metastases. In UM metastases, both 

peri-tumoural and intratumoural CD8+ T-cells have been detected. The median intratumoural 

CD8+ density was 261 cells/mm2 in UM metastases, which is in line with the intratumoural 

CD8+ density reported in primary UM in another study 25, 38, 39. Nonetheless, in contrast to 

primary UM, in which CD8+ T-cells are believed to be the dominant TIL subset, metastatic 

UM lesions are reported to be mainly infiltrated by CD4+ T-cells and TAMs 25, 28, 39, 40. Due to the 

limited number of studies performed, the prognostic relevance of the immune cell infiltrate in 

UM metastases is currently unknown, as is its possible role in predicting clinical response to 

ICI. This emphasizes the need for a more profound understanding of the role of the immune 

system in UM to direct future clinical intervention.

In this study, the lymphocytic infiltration in both primary and metastatic UM lesions is 

investigated using multiplex immunohistochemistry (mIHC) in conjunction with whole-slide 

imaging. This technique allows for concurrent staining of multiple lymphocytes on the same 

tissue slide. The aim of this study is to determine the presence of, and quantify, several TIL 

subsets within both primary and metastatic UM lesions. Furthermore, the association between 

TIL density in primary UM and patient survival is studied. 

Material and methods

Patients and specimens
Formalin-fixed paraffin-embedded (FFPE) tissue was obtained from 57 UM patients who 

received adjuvant or palliative dendritic cell (DC) vaccination in a clinical trial (n=28), were 

part of a prospective control arm (n=19) or a historical control cohort (n=10). DC vaccination 

trials were conducted at the Radboudumc, Nijmegen, the Netherlands 41-49. A total of 80 

samples originating from 49 enucleations and 31 metastases were retrieved from patients 

who underwent enucleation or a resection or biopsy of a metastatic lesion between December 

1998 and April 2016. Samples were collected in various hospitals in the Netherlands with the 

majority originating from the Erasmus University Medical Center, Rotterdam, the Netherlands. 

From 10 patients, the primary lesion and at least one DC vaccination-naïve metastatic UM 

lesion were acquired. Patients in this cohort, which is named “the paired sample cohort”, were 



Immune cell infiltration in uveal melanoma

45

2

part of the prospective control arm (n=7) or the historical control cohort (n=3). This research 

is performed in accordance with the declaration of Helsinki. The studies were approved by the 

appropriate Medical Ethical Review Board and written informed consent was obtained from all 

patients included in the DC vaccination trials. 

Histopathological examination
All samples were accompanied by pathology reports which were approved by certified 

pathologists. In addition, the primary UM pathology reports were requested of patients of 

whom only metastatic UM samples were received. From the pathology reports, the diagnosis 

of UM was confirmed and prognostic features in the primary lesions were extracted, including 

primary tumour location (choroid or ciliary body), cell type (spindle, mixed or epithelioid), largest 

basal diameter, tumour thickness, involvement of the ciliary body, choroid and/or sclera and 

presence and size of extraocular extension 50. BAP1 mutation and chromosome 3 status was 

known of 27 (47%) and 53 (93%) of patients, respectively. 

BAP1 Immunohistochemistry staining
In patients with an unknown BAP1 mutation status, immunohistochemistry (IHC) for BAP1 

expression was performed 51. From the samples, slices of 4-μm thickness were cut from FFPE 

tissue blocks and placed on glass slides. Tissue was deparaffinized in xylene and washed in 

ethanol and tap water. Antigen retrieval was performed by boiling in EnVisionTM FLEX target 

retrieval solution (pH 9, K8004, Agilent, Santa Clara, CA) for 10 minutes. After cooling down, 

slides were rinsed with distilled water and 3% peroxidase-blocking reagent was applied for 10 

minutes. Slides were washed with tris-buffered saline (TBS)/Tween (0.2%) and incubated with 

a primary antibody for the detection of BAP1 (clone 28383, Santa Cruz Biotechnology, Dallas, 

TX, dilution 1/50) for 1 hour. Next, slides were incubated with OptiView HQ Universal Linker 

and OptiView HRP Multimer (OptiView DAB IHC Detection Kit: 760-700, Roche Diagnostics 

Nederland, Almere, the Netherlands) for 5 and 15 minutes, respectively. Visualization was 

performed by applying NovaRED (SK-4800, VECTOR Laboratories, Burlingame, CA) for 5 

minutes. Slides were washed with TBS/Tween 0,2% between incubation steps. Slides were 

counterstained with haematoxylin, mounted with Quick-D Mounting Medium (7280, VWR 

International, Radnor, PA). Slides were scored by a certified pathologist, the loss of BAP1 

expression (in the presence of positive internal or external controls) was considered positive 

for a BAP1 loss of function mutation.

Multiplex immunohistochemistry staining
For the detection of lymphocytes within the tumour samples, mIHC was performed using Opal 

7-Color Automation IHC Kit (NEL801001KT, Perkin Elmer Inc., Waltham, MA) and Leica BOND™ 

RX Automated Immunostainer (Leica Biosystems, Wetzlar, Germany) using the pre-defined 

BONDTM mIHC protocol K. A seven-colour mIHC panel consisting of primary antibodies for the 
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detection of CD3 (RM-9107, clone Sp7, Thermo Fisher Scientific, Waltham, MA, dilution 1/400) 

with Opal 520; CD8 (M7103, clone C8/144B, Agilent, dilution 1/200) with Opal 690; CD20 (MS-

340-S, clone L26, Thermo Fisher Scientific, dilution 1/600) with Opal 570; CD56 (156R-94, clone 

MRQ-42, Cell Marque, Rocklin, CA, dilution 1/1500) with Opal 620; FoxP3 (14-4777, clone 236A/

E7, Thermo Fisher Scientific, dilution 1/300) with Opal 540 and a melanoma antibody mixture 

containing gp100 (M063401, clone HMB45, Agilent, dilution 1/600); tyrosinase (MONX10591, 

clone T311, Sanbio, Uden, the Netherlands, dilution 1/200); SOX10 (383R, clone EP 268, Cell 

Marque, dilution 1/500) and MART-1 (MS-799, clone A103, Cell Marque, dilution 1/300) with 

Opal 650 was applied (figure 1). BOND™ Epitope Retrieval Solution no. 2 (pH 9, AR9640, 

Leica Biosystems) was used for epitope retrieval and to remove the antibody-TSA complexes. 

Blocking steps were performed with Antibody Diluent (ARD1001EA, PerkinElmer Inc.) for 10 

minutes, primary antibody incubations for 1-hour, secondary antibody Opal Polymer HRP Ms 

+ Rb (ARH1001EA, PerkinElmer Inc.) incubations for 30 minutes and Opal reagent incubations 

for 10 minutes, all at room temperature. Counterstaining was performed using 4’,6-diamidino-

2-phenylindole (DAPI). Finally, tissue sections were mounted with Fluoromount-G (0100-01, 

Southern Biotech, Birmingham, AL).

Tissue imaging and analysis
Following staining, slides were scanned using the Vectra Automated Quantitative Pathology 

Imaging System 3.0.4 (PerkinElmer Inc.). Regions of interest were selected using Phenochart 

version 1.0.9 (PerkinElmer Inc.) for multispectral imaging at 20 times magnification. Parts 

without proper staining, which may have resulted from heavy pigmentation or incomplete 

staining, were either not scanned or were excluded from further analysis after imaging. InForm 

version 2.2.1 software (PerkinElmer Inc.) was used to perform spectral unmixing. A selection 

of approximately 20 representative original multispectral images were used to train inForm 

in performing tissue (tumour, stroma and background) and cell segmentation. All settings 

applied to the training images were saved within an algorithm to allow for batch analysis of all 

original multispectral images. 

Next, the inForm tumour/stroma and cell segmentation data was converted to Flow Cytometry 

Standard (FCS) files by means of custom-written software. Using the X- and Y-coordinates of 

all cells identified by the inForm cell segmentation, the sample sections designated by inForm 

as tumour were revised by manually drawing one or multiple gates in FlowJo version 10.0.7 

(Becton Dickinson, Ashland, OR) to define the tumour regions. These newly defined tumour 

regions encompass all cells which were situated within the inForm-defined tumour of each 

sample and cells in the inForm-defined stroma that were located within the tumour regions. 

Using FIJI open source software version 1.52h, the X-/Y-coordinate plots were thresholded and 

the ratio of the tumour region area to the area of the whole sample was calculated (43, 44). 
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This ratio was multiplied by the area of the whole sample in mm2 as exported from inForm to 

calculate the area of the tumour regions in mm2 (supplementary figure 1).
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Figure 1: Phenotyping cells within primary and metastatic uveal melanoma lesions using multiplex 
immunohistochemistry.
A seven-colour multiplex immunohistochemistry panel was applied to identify 5 subsets of tumour-
infiltrating lymphocytes (TILs) in primary (panel A) and metastatic (panel B) uveal melanoma (UM) lesions. 
Prototypical single cell images of each TIL subset (cytotoxic T-cells, helper T-cells, regulatory T-cells, 
B-cells and natural killer cells) and of an UM cell are shown (panel C). Abbreviations: mel mix, melanoma 
mix; UM, uveal melanoma. 

All lymphocytes located within the tumour region(s) of each sample were assumed to be TILs. 

A gating strategy in FlowJo (supplementary figure 2) was used to identify the different TIL 

subsets (based on the mean marker intensity) and to extract cell counts. As a CD4 marker 

was not included in our antibody panel, CD3+/CD8-/FoxP3-/CD20- TILs (from now on: CD3+/

CD8-) were regarded as T-helper (CD4+) TILs. To acquire TIL densities, cell counts were divided 

by the area of the tumour regions. The proportions of TIL subsets to the total lymphocyte 

infiltrate were calculated by dividing the density of the TIL subsets by the sum of the densities 

of all investigated TILs (CD8+, CD3+/CD8-, FoxP3+ and CD20+ cells). NK cells could not be 

automatically distinguished from neural tissue and were therefore excluded from analysis. 
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Statistical analysis
OS is defined as the time from primary treatment until death from any cause. Recurrence-free 

survival (RFS) is the time from primary treatment until the occurrence of metastatic disease. 

Median follow-up time was calculated with the reverse Kaplan-Meier method, using the date 

of primary treatment to the date of last follow-up and censoring for death 52. No patients 

were lost to follow-up. TIL densities were log-transformed and scaled to standard deviation 1 

before entering into regression analysis for survival. For determining the correlation between 

log-transformed TIL densities in primary and metastatic UM lesions, Pearson’s correlation 

coefficient was used. In the correlations, the TIL densities in the three UM metastases 

originating from one patient were averaged. In descriptive statistics, ranges are given as 

minimum and maximum values. IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., 

Armonk, NY) and GraphPad Prism version 5.03 (GraphPad Software Inc., San Diego, CA) were 

used for statistical analysis. 

Results

Patients and samples
The median age of all patients at treatment of the primary tumour was 59 (range 27 – 75) years. 

The majority (89%) of patients had choroidal UM. Monosomy 3 and a BAP1 mutation were found 

in 84% and 79% of patients, respectively. For the purpose of analysis, samples were divided into 

three cohorts: a cohort consisting of all primary samples, a cohort containing all metastatic 

samples and a paired sample cohort. Baseline clinicopathological and genetic characteristics 

of these study cohorts are described in table 1.

Staining of neural tissue by the CD56 antibody
NK cells were not reliably identifiable due to neural tissue staining by CD56 (supplementary 

figure 3). Therefore, although presumable NK cells were visually identified in some lesions 

(mainly at seemingly very low densities), the CD56 marker was excluded from further analysis.  

Subsets of tumour-infiltrating lymphocytes
The density of the total lymphocyte infiltrate (defined by the sum of the density of CD8+, CD3+/

CD8-, FoxP3+ and CD20+ TILs) and the density of the separate TIL subsets was determined 

in the tumour regions of each lesion. A large variation in TIL densities was found among the 

separate primary lesions. Similarly, TIL densities showed large differences between metastatic 

lesions. In both primary and metastatic UM lesions, CD8+ TILs were the most frequent TIL 

subset. The second most common subset were the CD3+/CD8- (CD4+) TILs. FoxP3+ and CD20+ 

TILs were identified in both primary and metastatic UM lesions but in lower numbers than the 

CD8+ and CD3+/CD8- (CD4+) TIL subsets (table 2; figure 2; supplementary figure 4). 
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Table 1: Baseline clinicopathological and genetic characteristics.

All patients 

(n = 57)

Primary uveal 
melanoma
(n = 49)

Uveal melanoma 
metastases 
(n = 22)

Paired samples 

(n = 10)

Age at primary treatment

Median (years) (range) 59 (27 – 75) 59 (27 – 75) 59 (40 – 75) 61 (44 – 75)

Sex

Male 23 (40%) 20 (41%) 7 (32%) 3 (30%)

Female 34 (60%) 29 (59%) 15 (68%) 7 (70%)

Primary tumour location

Choroid 51 (89%) 47 (96%) 18 (82%) 10 (100%)

Ciliary body 4 (7%) 1 (2%) 3 (14%) 0

Unknown 2 (4%) 1 (2%) 1 (5%) 0

Cell type

Spindle 10 (18%) 9 (18%) 5 (23%) 2 (20%)

Epithelioid 9 (16%) 8 (16%) 3 (14%) 1 (10%)

Mixed 34 (60%) 32 (65%) 10 (45%) 7 (70%)

Unknown 4 (7%) 0 4 (18%) 0

Chromosome 3 status

Monosomy 48 (84%) 43 (88%) 17 (77%) 10 (100%)

Disomy 3 (5%) 2 (4%) 2 (9%) 0

Hyperdiploidy 2 (4%) 2 (4%) 0 0

Unknown 4 (7%) 2 (4%) 3 (14%) 0

BAP1 status

Wildtype 12 (21%) 10 (20%) 3 (14%) 0

Mutation 45 (79%) 39 (80%) 19 (86%) 10 (100%)

Stage at diagnosis  
(AJCC 8th edition)

Stage I 5 (9%) 5 (10%) 1 (5%) 1 (10%)

Stage IIA 14 (25%) 13 (27%) 3 (14%) 2 (20%)

Stage IIB 20 (35%) 16 (33%) 11 (50%) 3 (30%)

Stage IIIA 11 (19%) 11 (22%) 4 (18%) 4 (40%)

Stage IIIB 1 (2%) 1 (2%) 0 0

Stage IIIC 0 0 0 0

Stage IV 2 (4%) 2 (4%) 0 0

Unknown 4 (7%) 1 (2%) 3 (14%) 0

n = number of patients
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Table 2: Tumour-infiltrating lymphocytes in primary uveal melanoma and uveal melanoma 
metastases.

Primary uveal melanoma (n = 49) Uveal melanoma metastases (n = 31)

Cell density  
(Cells/mm2)

Proportion of 
total lymphocyte 

infiltrate (%)

Cell density  
(Cells/mm2)

Proportion of 
total lymphocyte 

infiltrate (%)

Marker Median Range Median Range Median Range Median Range

CD8+ 459 (15 – 6901) 71 (23 – 96) 659 (26 – 5170) 53 (27 – 92)

CD3+/CD8- (CD4+) 78 (7 – 1249) 13 (1 – 74) 266 (26 – 1105) 28 (3 – 57)

FoxP3+ 15 (0 – 228) 3 (0 – 11) 61 (2 – 343) 6 (1 – 29)

CD20+ 11 (0 – 2681) 3 (0 – 44) 69 (0 – 850) 5 (0 – 41)

Total lymphocyte 
infiltrate

560 (26 – 7192) 100 1208 (72 – 6353) 100

n = number of lesions

Figure 2: Tumour-infiltrating lymphocyte density in primary lesions and uveal melanoma metastases. 
Dot plots showing the density of each tumour-infiltrating lymphocyte (TIL) subset in primary (panel A) and 
metastatic uveal melanoma lesions (panel B). Each dot represents the TIL density in an individual lesion, 
line denotes the median. Abbreviation: UM, uveal melanoma.

Association between tumour-infiltrating lymphocyte densities in primary and 
metastatic uveal melanoma lesions
In the paired sample cohort, TIL densities in primary and the corresponding metastatic UM 

lesions were compared. The total lymphocyte infiltrate density within the primary UM lesion 

was not predictive for the density of the total lymphocyte infiltrate in the paired metastatic UM 

lesion (figure 3; supplementary figure 5). 
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Figure 3: Total lymphocyte infiltrate density in primary uveal melanoma and metastatic uveal 
melanoma lesions. 
In the paired sample cohort, the total lymphocyte infiltrate density (sum of the density of CD8+, CD3+/
CD8-, FoxP3+ and CD20+ TILs) in primary uveal melanoma (UM) was plotted against the total lymphocyte 
infiltrate density in UM metastases. Dashed line represents the 95% confidence band. Abbreviation: UM, 
uveal melanoma. 

Likewise, there was no clear association between the density of the separate TIL subsets 

in primary UM lesions and the density of these subsets in the paired metastatic UM lesions 

(supplementary figure 6). Although a correlation in CD3+/CD8- (CD4+) between primary UM 

and metastatic UM cannot be excluded. 

Survival analysis 
The prognostic significance of several parameters was analysed in the primary UM cohort 

(n=49). To reduce selection bias, eight patients in this cohort, who were previously included in 

a DC vaccination study while having metastatic disease, were excluded. As of February 2019, 

after a median follow-up of >9 years, 31 of the 41 patients were diagnosed with metastatic 

disease and died. Median RFS and OS were 38 and 56 months, respectively. 

The 41 patients all had monosomy 3 except for 1 patient in whom chromosome 3 status was 

unknown. In these patients (n=41), a Cox regression analysis was used to correlate total 

lymphocyte infiltrate density, CD8+ TIL density, CD20+ TIL density within primary UM and BAP1 

mutation status with RFS and OS. To reduce data overfitting, no more than these 4 parameters 

were selected. No significant correlation between the density of any of the TIL-subsets and 
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RFS or OS was found. The presence of a BAP1 mutation did show a trend towards significant 

inferior RFS and OS (figure 4). 

Figure 4: Tumour-infiltrating lymphocyte density in primary uveal melanoma and BAP1 mutation 
status in relation to recurrence-free and overall survival.
Forest plots portraying the hazard ratio and 95% confidence interval of the correlation of tumour-infiltrating 
lymphocyte density in primary uveal melanoma of the total lymphocyte infiltrate, CD8+ and CD20+ cells 
and BAP1 mutation status with recurrence-free survival (panel A: RFS) and overall survival (panel B: OS). 
Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival; RFS, recurrence-free survival.
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Discussion

Our study shows a large intertumoural variation in the TIL density in UM. Generally, cytotoxic 

(CD8+) and helper (CD3+/CD8-) T-cells are the most common TIL subsets in both primary and 

metastatic UM lesions. Tregs (FoxP3+) and B-cells (CD20+) were also identified, although to a 

lesser extent than the cytotoxic and helper T-cell subsets. No strong correlations in lymphocyte 

infiltrate density were found between paired primary and metastatic UM lesions. Evidence for 

a correlation between TIL densities in primary UM and survival was not found. The presence of 

a BAP1 mutation did show a trend toward significant association in high-risk primary UM with 

both inferior RFS and OS. 

Up until now, a substantial number of studies investigated immune cell infiltration using IHC in 

primary, but not metastatic UM lesions 25-31, 34, 35, 37, 53. Furthermore, multiple studies counted TILs 

on single stained slides 26, 28-31, 34, 35, 37-39, in a semi-quantitative manner 26, 28, 31, 35, 39, 54 and/or only in 

parts of the tumour lesions 25, 27-30, 34, 37, 38, 40, 53. Other investigations phenotypically assessed cell 

suspensions derived from primary lesions 33, 55 or both primary and metastatic lesions 32. These 

methods each have their limitations: solely investigating primary lesions naturally omits the 

differences between primary UM and metastases, while studying single stained slides is less 

suited to appreciate the distribution of TILs relative to each other. Meanwhile, semi-quantitative 

assessment and counting TILs in parts of tumours do not allow for an accurate determination 

of the average TIL density in whole lesions. Finally, the differentiation between intratumoural 

and extratumoural TILs is not possible when studying cell suspensions. The current study 

provides a more complete overview of lymphocyte infiltration in UM as it simultaneously 

investigated multiple TIL subsets on a whole-slide level in both primary UM and metastatic 

lesions. In addition, mIHC is an effective approach for retaining spatial information, allowing 

for the identification and quantification of lymphocytes truly infiltrating tumour regions and 

for the appreciation of the relative distribution of these TILs. Despite the advantages of the 

current study methods, challenges remain, in particular the occasionally high TIL densities 

which make segmentation of individual cells less reliable.

One of the proposed reasons behind the limited efficacy of CTLA-4 and PD-(L)1 inhibition in 

metastatic UM is the lower tumour mutational burden (TMB) found in this type of cancer 56. 

Tumours with a low TMB express little neoantigens that can be recognized by T-cells and 

it has been shown that tumours with a higher TMB tend to be more responsive to ICI 57, 58. 

However, we and others have shown that UM is commonly infiltrated by cytotoxic and helper 

T-cells 25, 28, 29 which can be tumour-reactive despite the low TMB 59. Although CD8+ T-cells 

have shown capable of lysing UM cells in vitro, UM cells may still evade immune destruction 

by adopting various immunosuppressive mechanisms 24, 60. For example, it has been suggested 

that immunosuppressive enzymes such as IDO and immune checkpoint molecules including 
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LAG-3, TIM-3 and TIGIT contribute to immune evasion in UM 32, 59, 61-63. In addition, PD-L1 

expression on UM cells is significantly lower in metastatic UM compared to metastatic CM 64, 

65. Thus, cytotoxic T-cells may need to be unleashed by inhibiting immune checkpoints other 

than the contemporary forms of ICI or by combining ICI with IDO inhibition. Besides, the action 

of helper T-cells may also have to be potentiated, for example through anti-tumour vaccination 
66. Finally, although their detrimental influence in UM is not proven, future systemic treatment 

may also target Tregs as they are regarded immunosuppressive and associated with poor 

prognosis in various other forms of cancer 25, 30, 31, 67. To be able to determine which of these or 

the numerous other possible immunotherapeutic strategies is most promising, the ability to 

assess TIL function within UM is vital. As even with mIHC the number of markers that can be 

tested is limited, other methods may need to be applied. For example, using single-cell RNA 

sequencing, Durante et al. were recently able to show the presence of clonally expanded T-cells 

expressing exhaustion markers which indicates an initiated but suppressed anti-tumour T-cell 

response in the investigated UM lesions 32. In addition, in the near future, we aim to study 

immune suppressive factors that hinder effective T-cell action, such as the expression of the 

earlier mentioned checkpoint molecules and IDO. 

Considering immune cell infiltration in UM consist of a heterogenous population of immune 

cells, solely focussing on T-cells might not be sufficient to improve our understanding of the 

immunobiology and to advance immunotherapy in UM. Intriguingly, the current study identified 

B-cells in amounts that may indicate they are more common in UM than previously thought 29, 32-

34. As it is currently unknown whether the presence of B-cells in UM correlates with monosomy 

3 or BAP1 mutation status, we cannot rule out the possibility that the prominent presence of 

B-cells in the current study is a result of the large proportion of high-risk patients in our cohort. 

Nevertheless, the occurrence of B-cells in UM is interesting as these and so called tertiary 

lymphoid structures (which are ectopic lymphoid organs present in tumours) have gained 

substantial scientific interest in the last years 68. B-cells have been implicated in orchestrating 

and sustaining inflammation in CM and three recent studies independently demonstrated that 

their presence in tertiary lymphoid structures is associated with an improved response to 

immunotherapy in several forms of cancer, including CM 69-72. Therefore, our results suggest 

that B-cells may also have a role in anti-tumour immunity in UM. 

Despite investigating multiple TIL subsets, this study did not account for several important 

immune cells, most notably TAMs and NK cells. The importance of TAMs is accentuated 

by previous reports showing they are commonly found in UM and mainly have an 

immunosuppressive phenotype 26, 27. Besides focussing on TAMs, future studies should also 

investigate NK cells, given their prominent role in preventing metastatic dissemination 35, 36. To 

enable the differentiation between NK cells and neural tissue more NK cell-specific markers, 

such as NKp46, could be used 73.
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To our knowledge, this is one of the few studies investigating immune cell infiltration in paired 

lesions. A previous study found a similar infiltration of TAMs in primary lesions compared to 

corresponding metastatic lesions, while another paper identified CD8+ TILs to be significantly 

more prevalent in primary UM 54, 62. As mentioned, no strong correlations in lymphocyte infiltrate 

density were found between paired primary and metastatic UM lesions in our study. This finding 

suggests that lymphocyte infiltration can evolve along distinct trajectories in different patients. 

Immune cell infiltration is influenced by different subsequent genetic changes occurring in 

malignant UM cells 32, 74. In addition, as it was recently suggested that the expression of several 

ligands for immune checkpoint molecules may be upregulated upon the presence of a BAP1 

mutation, the function of immune cells may also be affected by certain genetic aberrations in 

UM 59. Finally, the local milieu of the metastatic site and the time of sampling (i.e. early versus 

late metastasis) may also contribute to the lack of a correlation between immune cell infiltration 

in primary and metastatic lesions. Overall, the dynamic nature of immune cell infiltration could 

have consequences for the application of biomarkers. While biomarkers predictive for future 

adjuvant therapy may be determined on primary lesions, metastatic lesions may be preferred 

for the prediction of response to treatment given for advanced disease. 

In most malignancies, a higher number of CD3+ and CD8+ TILs is associated with improved 

prognosis 23. Conversely, in UM, lymphocyte and T-cell (CD3+) infiltration have shown to be 

associated with a shorter OS, something that may also be true for CD8+ infiltration 25, 30, 37. An 

inverse relation between the degree of CD8+ or total immune cell infiltration and OS was not 

identified in this study. Considering UM’s poor response to systemic treatment, any therapy 

given to patients is unlikely to have had a meaningful influence on this survival analysis. Rather, 

ample evidence exists showing that immune cell infiltration is influenced by the genetic make-

up of UM 25, 32, 74, 75. Therefore, the lack of an association between OS and immune cell infiltration 

in the current study may be due to the predominance of monosomy 3 and BAP1 mutations 

in our cohort. The fact that nearly all of the patients in the survival analysis had confirmed 

monosomy 3 may also explain the non-significant association between the presence of a 

BAP1 mutation, a known predictor for worse RFS and OS 5, and survival measures. Overall, 

our results provide no evidence that a high amount of CD8+ TILs or lymphocytic infiltration 

are independent prognostic risk factors in high-risk UM, although TIL infiltration might still be 

predictive for response to immunotherapy.

In summary, UM is infiltrated by multiple types of lymphocytes in varying degrees. This diverse 

collection of TILs potentially offers a range of targets for immunotherapeutic intervention in 

UM. Future research may focus on potentiating T-cell cytotoxicity by other means than the 

contemporary forms of ICI and on elucidating the role of Tregs and TAMs in UM’s immunotherapy 

resistance. The current results also show that B-cells may have a more prominent role in the 

immunobiology of UM than previously thought which warrants further investigation. Immune 
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cell infiltration was found to be variable between primary and metastatic UM lesions, which 

may have consequences for any future application of biomarkers. Finally, in contrast to previous 

reports, our results did not provide any evidence that CD8+ and lymphocytic infiltration are 

independent prognostic risk factors in high-risk primary UM.
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Supplementary figure 1: Tissue- and cell-segmentation of uveal melanoma samples.
The strategy to perform tumour/stroma and cell segmentation on the original multispectral images is 
depicted. Whole-slide imaging was performed using the Vectra Automated Quantitative Pathology Imaging 
System (panel A). Upon magnification of the individual multispectral images, uveal melanoma (UM) 
cells and tumour-infiltrating lymphocytes can be identified (panel B) and inForm software enabled cell 
segmentation (panel C; individual cells are denoted in green). The original multispectral images of UM 
samples were also segmented in tumour (black) and stromal tissue (grey) based on the melanoma mix 
staining by applying inForm (panel D). Next, using FlowJo, gates were manually drawn encompassing the 
cells that were considered to be present within the tumour regions of each sample (panel E). Utilizing FIJI 
software, the X-/Y-coordinate plots derived from FlowJo (which are mirrored vertically) were converted into 
thresholded images to enable area measurements (panel F). To determine the size of the gated the tumour 
regions in mm2, the ratio of the area of the tumour regions to the area of the total sample as measured 
in FIJI was calculated and multiplied by the area of the whole sample in mm2 as exported from inForm 
(panel G). 
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Supplementary figure 2: Gating strategy to identify the different tumour-infiltrating lymphocyte 
subsets.
Cell segmentation data originating from the inForm algorithm was converted into Flow Cytometry Standard 
(FCS) files and analysed using FlowJo. Using the X- and Y-coordinates of all cells in the sample (X-Y plots 
are mirrored vertically), gates were drawn around the sample sections regarded as tumour regions (panel 
A). Next, CD56+ cells and CD20+ (B-cells) tumour-infiltrating lymphocytes (TIL)s were gated (panel B) from 
all the cells within the tumour region gates. Subsequently, from the CD20- / CD56- cells (gate 1 in panel 
B), CD8+ (cytotoxic T-cells) and FoxP3+ (regulatory T-cells) TILs were identified and gated (panel C). Finally 
(from the double-negative cells (gate 2 in panel C), all CD3+ TILs were gated and regarded as CD4+ (helper 
T-cells) TILs (panel D). Abbreviation: NK cell, natural killer cell. 
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Supplementary figure 3: Staining of CD56+ neural tissue within uveal melanoma.
Four prototypical multispectral images are shown portraying different CD56+ (yellow) staining patterns in 
uveal melanoma (UM) lesions. The CD56+ antibody was incorporated in the staining panel to allow for the 
identification of CD56+ tumour-infiltrating lymphocytes (natural killer (NK) cells). Upon visual inspection, 
some multispectral images indeed show the presence of NK cells (panel A; UM metastasis in the breast). 
However, neural cells were also identified in a substantial number of lesions (panel B; primary UM). 
Occasionally, the same multispectral image (panel C; primary UM) contained both presumable NK cells 
(panel C; left) and more neural-like structures (panel C; right). Finally, gross CD56+ staining of neural 
tissue was also found in some lesions (panel D; primary UM). 
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Supplementary figure 5: Examples of lymphocyte infiltration in paired primary and metastatic uveal 
melanoma lesions. 
Prototypical examples of divergent lymphocyte infiltration densities in paired uveal melanoma (UM) lesions. 
The primary UM lesion (panel A) of patient 6 shows a moderate to high density of immune cell infiltration 
while the corresponding metastatic lesion (panel B) is nearly devoid of any lymphocyte infiltration. In the 
lesions originating from patient 3, an inverse situation is shown, the primary lesion (panel C) has only 
very limited lymphocyte infiltration, while the corresponding metastatic lesion (panel D) is infiltrated by 
substantially more lymphocytes. 
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Supplementary figure 6: The association between the density of each separate tumour-infiltrating 
lymphocyte subset in primary uveal melanoma and uveal melanoma metastases.
In the paired sample cohort (10 patients), the densities of CD8+ (panel A), CD3+/CD8- (CD4+) (panel B), 
FoxP3+ (panel C) and CD20+ (panel D) tumour-infiltrating lymphocytes (TIL)s in primary uveal melanoma 
(UM) were correlated with the density of these TIL subsets in UM metastases. Dashed line represents the 
95% confidence band. Abbreviation: UM, uveal melanoma. 
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Abstract

Immune checkpoint inhibitors propelled the field of oncology with clinical responses in many 

different tumor types. Superior overall survival over chemotherapy has been reported in various 

metastatic cancers. Furthermore, prolonged disease-free and overall survival have been 

reported in the adjuvant treatment of stage III melanoma. Unfortunately, a substantial portion 

of patients do not obtain a durable response. Therefore, additional strategies for the treatment 

of cancer are still warranted. One of the numerous options is dendritic cell vaccination, which 

employs the central role of dendritic cells in activating the innate and adaptive immune system. 

Over the years, dendritic cell vaccination was shown to be able to induce an immunologic 

response, to increase the number of tumor infiltrating lymphocytes and to provide overall 

survival benefit for at least a selection of patients in phase II studies. However, with the success 

of immune checkpoint inhibition in several malignancies and considering the plethora of other 

treatment modalities being developed, it is of utmost importance to delineate the position of 

dendritic cell therapy in the treatment landscape of cancer. In this review, we address some 

key questions regarding the integration of dendritic cell vaccination in future cancer treatment 

paradigms.
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Introduction

Since William Coley made his early contributions to the study of cancer immunotherapy in the 

1890s, harnessing the capabilities of the immune system to eliminate cancer cells remained a 

long-sought dream 1. In the last decade, efforts to realize this dream were finally rewarded with the 

introduction of immune checkpoint inhibitors (ICI). ICI showed the feasibility of immunotherapy 

and revolutionized the treatment of cancer. The success of ICI spurred a considerable amount of 

research activity into the field of immunotherapy. Despite its resounding success, ICI still have 

two important limitations: they are associated with significant (immune-related) toxicity and a 

portion of patients does not respond 2-7. Immunotherapy however, encompasses more than ICI 

alone. Dendritic cell (DC) vaccination is an alternative form of immunotherapy and is a prime 

candidate to enrich the treatment possibilities for cancer. Considering the fact that the field of 

immunotherapy is a fast-moving field, it is of utmost importance to delineate the position of DC 

vaccines in the therapeutic landscape of cancer. In this review, we will explore some important 

questions regarding this position, with the focus on four malignancies (glioblastoma (GBM), 

melanoma, prostate cancer and renal cell carcinoma (RCC)) in which phase III trials with DC 

vaccines have been performed or are ongoing.

The evolving field of immune checkpoint inhibition

Currently, the clinical application of immunotherapy is mainly defined by ICI. ICI target immune 

checkpoint molecules such as CTLA-4, PD-L1 and PD-1. These molecules have immune 

response inhibiting functions and are involved in the prevention of autoimmunity and the 

maintenance of peripheral tolerance. It is well known that tumor cells are able to upregulate 

the expression of checkpoint molecules, leading to anergy of cytotoxic T-cells in the tumor 

micro-environment. CTLA-4, PD-L1 and PD-1 have distinct functions, CTLA-4 exerts its 

inhibitory functions on the initial T-cell activation whereas PD-1 and PD-L1 have roles in the 

inhibition of the effector functions of T-cells 8, 9. ICI antagonize these molecules and thereby 

aim to augment the anti-cancer immune response. 

In 2010, ipilimumab (a monoclonal antibody targeting CTLA-4) was the first immunotherapeutic 

agent providing clinical benefit in cancer patients, extending median overall survival (OS) to 

10 months (compared to 6.4 months for the control group receiving a gp100 peptide vaccine) 

in metastatic melanoma 3. With an overall response rate (ORR) of approximately 10-20%, 

ipilimumab was a great improvement compared to the standard of care at the time, but it still 

offers clinical benefit in only a portion of melanoma patients 10, 11. However, in a substantial 

portion of responding patients, clinical benefit is durable 5. In 2014, two monoclonal antibodies 

(pembrolizumab and nivolumab) targeting the PD-1 pathway were also approved for the 
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treatment of metastatic melanoma. Compared to ipilimumab, anti-PD-1 inhibition achieves a 

higher ORR of approximately 40% 4, 5, 12, 13.

After these landmark studies, research into ICI accelerated. With the addition of PD-L1 targeting 

agents avelumab, atezolimumab and durvalumab, the field of ICI now encompasses six FDA 

and EMA-approved monoclonal antibodies (mAb) 14-16. Most of these ICI are approved for the 

treatment of multiple malignancies (Table 1). The number of approved indications of these mAb 

is likely to grow as they are currently tested in a large number of additional malignancies 17.

Table 1: Indications of the six currently approved monoclonal antibodies in the treatment of cancer (as 
of May 2018).

Monoclonal antibody Target FDA/EMA-approved indications

Ipilimumab CTLA-4 Melanoma

Nivolumab PD-1 Melanoma, NSCLC, RCC, urothelial carcinoma,  
MSI-high/dMMR CRC, HCC, Hodgkin’s lymphoma, 
HNSCC

Pembrolizumab PD-1 Melanoma, NSCLC, HNSCC, urothelial carcinoma, 
Hodgkin’s lymphoma, MSI-high cancer, gastric/
gastroesophageal cancer

Avelumab PD-L1 Merkel cell carcinoma, urothelial carcinoma

Atezolimumab PD-L1 Urothelial carcinoma, NSCLC

Durvalumab PD-L1 Urothelial carcinoma, NSCLC

Combined treatment with 
ipilimumab and nivolumab

CTLA-4/PD-1 Melanoma, RCC

Abbreviations: CRC, colorectal cancer; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; HCC, 
hepatocellular carcinoma; HNSCC, head and neck squamous cell carcinoma; dMMR, DNA mismatch repair 
deficiency; MSI, microsatellite instability; NSCLC, non-small-cell lung carcinoma; PD-1, programmed cell 
death protein; PD-L1, programmed death-ligand 1; RCC, renal cell carcinoma.

Besides PD-1, PD-L1 and CTLA-4, other checkpoint molecules (such as TIM-3 and LAG-

3) have shown to inhibit the anti-cancer immune response 18. Several mAb targeting these 

alternative checkpoint molecules are in various stages of clinical investigation. Therefore, it 

is expected that the number of clinically available mAb will be further expanded 17. In addition 

to the treatment of metastatic disease, research is moving toward the application of ICI in the 

adjuvant treatment of cancer. For example, adjuvant ipilimumab, nivolumab and pembrolizumab 

after surgically resected stage III melanoma recently have shown to improve progression-free 

survival (PFS) and in case of adjuvant ipilimumab, a prolonged OS was seen  19-21.

ICI come with a different toxicity profile compared to other anti-cancer therapeutics, caused by 

specific immune-related side effects. Monotherapy with anti-PD-1 mAb and anti-CTLA-4 mAb 

are associated with 10-16% and 30-40% grade 3 or 4 adverse events, respectively 3, 5, 6, 11, 22. In 
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contrast, DC vaccination is associated with little toxicity as grade 3 or 4 adverse events are very 

uncommon 23-25. In addition, the application of DC vaccination might further improve response 

rates on ICI.

Dendritic cell vaccination

Since their discovery by Steinman in 1973, it became clear that DC are antigen-presenting 

cells crucial in activating the adaptive immune system 26. DC are spread throughout the body, 

constantly monitoring their surroundings for antigens and danger signals. Once stimulated by 

an activating stimulus, they undergo maturation and migrate to lymphoid organs where they 

activate several effector cells of the immune system, primarily T-cells and B-cells 27. 

Through this process, DC are vital for immunosurveillance. Immunosurveillance signifies 

the crucial role of the immune system in the detection and elimination of both pathogens 

and cancer cells. However, the development of malignancy is an indolent process in its early 

stages, therefore, immunosurveillance occasionally fails. At an early stage, tumors sometimes 

silence an initiated immune response or fail to express the ‘danger signals’ necessary for 

the activation of the immune system. When the process of immunosurveillance fails, one of 

the hurdles for the outgrowth of cancer cells is omitted. DC vaccination aims to correct this 

failure by reversing the ignorance of the immune system to malignant cells. To achieve this, 

DC are stimulated ex vivo with danger signals and loaded with tumor-specific antigen(s) on 

their major histocompatibility complex molecules with the intent of activating antigen-specific 

T-cells which selectively eliminate antigen-bearing cancer cells (Figure 1). The majority of 

research groups, including our own, employ treatment schemes with multiple administrations 

of DC vaccine to induce immunological memory 28.
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Figure 1: The induction of a tumor-specific immune response by dendritic cell vaccination. 
Tumor antigen-specific T-cells are activated by dendritic cells, which are ex vivo loaded with tumor 
antigen(s). Activated T-cells subsequently patrol the body in search of their respective antigen. When 
their target is found, T-cells exert their cytotoxic functions on cancer cells. Abbreviations: CD8, cluster of 
differentiation 8 (cytotoxic T-cell); DC, dendritic cell; MHC, major histocompatibility complex.

DC vaccines are produced following some basic principles (Figure 2). Natural circulating DC 

or monocytes are isolated from autologous peripheral blood mononuclear cells obtained 

by apheresis. In case of monocytes, ex vivo differentiation into DC is required. Both natural 

circulating DC and monocyte-derived DC are matured as this is essential for effective T-cell 

activation. Maturation is associated with functional and morphological changes in DC. Following 

maturation, DC show enhanced expression of major histocompatibility complexes I and II, co-

stimulatory molecules and increased capability of cytokine production. These processes are 

vital, as not or incompletely matured DC can induce tolerance rather than immunity 29. During 

the process of vaccine manufacturing, DC are loaded with relevant tumor antigen(s) to induce 

a tumor-specific immune response in the patient. As with the other steps in the process of 

manufacturing DC, several methods to load DC with antigen exist 30. After quality control, 

vaccines are administered to the patient. 
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Figure 2: The process of generating dendritic cell vaccines.
Autologous dendritic cells or monocytes are obtained via an apheresis procedure. Monocytes first have 
to be differentiated into dendritic cells. Subsequently, dendritic cells are matured and loaded with tumor 
antigen. Finally, the dendritic cells are administrated to the patient. Abbreviation: DC, dendritic cell. 

Despite these basic principles, protocols describing the specific details of DC vaccination 

manufacturing in trails vary widely. Differences in these protocols cover all aspects of DC 

vaccination including culture methods, the usage of DC subsets, maturation methods, antigen 

loading techniques, used antigens and the route of administration. Especially, the subset of DC 

used, the method of maturation and the choice of antigen(s) are subject of intense research. For 

example, several groups, including our own, use natural circulating DC instead of monocyte-

derived DC. Natural circulating DC do not require extensive culturing which is believed to retain 

their functionality. Different maturation techniques are also being explored, such as the use 

of toll-like receptor ligands or electroporation with mRNA-encoding proteins that induce DC 

maturation 31, 32. Another exciting recent development is the use of neoantigens, which are 

newly formed antigens generated from tumor-specific mutated genes, for loading on DC 33. 

Finally, a more recent development is the recognition that DC, in addition to immune-activating 

properties, can acquire effector functions (so called killer-DC) following triggering with several 

differentiating and maturating agents such as interferon (IFN) or lipopolysaccharide 34. Despite 

these developments, addressing the differences in the generation and production of DC 

vaccines extensively is beyond the scope of this review. 

Regardless of the precise protocol employed, DC vaccination is associated with a very favorable 

toxicity profile. The majority of side effects reported in various clinical trials were short-lived 
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grade 1 or 2 adverse events, consisting of self-limiting flu like symptoms, fever and local 

injection site reactions. Treatment-related grade 3 or 4 adverse events following DC vaccination 

as standalone therapy are uncommon 23, 24. 

The goal of DC vaccination is to kill tumor cells by the generation of functional antigen-specific 

T-cells 23. Despite the challenges associated with measuring the immunological effect of DC 

vaccination, immunological endpoints are reported in a substantial portion of phase I/II clinical 

DC vaccination trials using various methods. Several studies even report the generation of 

antigen-specific T-cells to be positively correlated with survival, strengthening the believe that 

DC vaccination can result in clinical benefit 25, 35, 36.

Besides the generation of T-cells, intense research is ongoing to find biomarkers, not only for 

DC vaccination but for immunotherapy in general. Considering ICI treatment, research into 

predictive biomarkers has revealed several biomarkers predictive for response on ICI (such 

as mutational burden, PD-L1 expression and others) 37, 38. Similarly, an example of a predictive 

biomarker prior to the start of therapy correlated with clinical outcome after DC vaccination is 

the immune landscape of tumors 39. Up until now, however, biomarkers cannot reliably guide 

treatment decisions in the clinic for neither ICI or other forms of immunotherapy, probably 

owing to the fact that a functional immune response is a complex and multi-step process 40. 

The role of immune checkpoint inhibitors and dendritic cell 
vaccination in metastatic disease

Response rates to DC vaccination vary among cancer types with most studies showing response 

rates between 10-15% 24. Most clinical studies concerning DC vaccination were performed 

in patients with metastatic disease. Although head-to-head comparisons are not available, 

ICI achieve superior clinical benefit compared to DC vaccination in most malignancies. In 

particular for metastatic melanoma and metastatic RCC, ICI compare favorably in terms of 

response rates (approximate ORR on anti-PD-1 mAb in RCC: 25%; in melanoma: 40% and 

58% when combined with anti-CTLA-4 mAb) 4, 10, 11, 41. ORR in RCC and melanoma patients after 

treatment with DC vaccines is less, 12% and 9%, respectively 24. Even more important, whereas 

OS benefit for patients with metastatic RCC and metastatic melanoma after ICI treatment is 

well established, the OS gain for these patients after DC vaccination is less clear 3, 11, 24, 41.

The immunotherapeutic landscape of metastatic castration-resistant prostate cancer 

(mCRPC) is very different from that of metastatic RCC and metastatic melanoma. Two phase 

III trials investigating ipilimumab showed, both in pre-docetaxel and post-docetaxel setting, no 

improvement in OS compared to their control groups 42, 43. Pembrolizumab has shown clinical 
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activity in patients with any type of cancer bearing DNA mismatch repair deficiency (dMMR) 

and/or microsatellite instability. Individual reports of clinical benefit on anti-PD-1 mAb for 

patients with dMMR prostate cancer do exist. Unfortunately, dMMR is present in only about 

5% of mCRPC patients 44-47. Similar to patients with dMMR, ICI possibly provide benefit in other 

subgroups of mCRPC patients. For example, nivolumab combined with ipilimumab was tested 

on patients with an ARV7 mutation which predisposes for a more aggressive form of prostate 

cancer. In this study, 4 out of 15 patients showed clinical benefit 47. In addition, pembrolizumab 

has shown some efficacy in a group of patients who progressed after enzalutamide treatment. 

In a trial of 20 patients, 11 had a partial response or stable disease 45. These patients might be 

more susceptible to PD-1 antibodies, as PD-1 was shown to be upregulated on DC in patients 

progressing after enzalutamide 46. After the failure of ipilimumab in prostate cancer patients, 

a delay in designing new studies with ICI occurred. Currently, approximately 35 clinical studies 

with ICI are enlisted for prostate cancer, usually as combination therapies. 

Notably, sipuleucel-T gained approval for the treatment of asymptomatic or minimal 

symptomatic mCRPC. Sipuleucel-T is manufactured from autologous mononuclear cells 

obtained via apheresis. These cells are incubated with PA2024, a fusion protein of the tumor 

antigen prostatic acid phosphatase (PAP) and granulocyte-macrophage colony-stimulating 

factor (GM-CSF). As DC are not specifically isolated from the apheresis product and the end 

product contains a variety of cells, sipuleucel-T should strictly speaking not be regarded as a 

pure DC vaccine. Despite this, sipuleucel-T is generally addressed as a DC based-vaccine and is 

considered to be the first DC-based therapy approved by the FDA. The approval of sipuleucel-T 

followed the results of a phase III trial including 512 mCRPC patients. The median survival was 

prolonged with 4 months compared to placebo 48. Another smaller phase III study confirmed 

these favorable results 49. 

Initial enthusiasm about sipuleucel-T has somewhat subsided in recent years since labor 

intensive production resulted in a highly priced cellular product (around $125.000). At the 

moment, sipuleucel-T is only available in the USA as market authorization was not granted 

by the EMA. Recently, a Chinese conglomerate (Sanpower) acquired Dendreon (producer of 

sipuleucel-T) for over $800 million with the intention to extend the market to Asia. Sipuleucel-T 

enhanced immune responses toward its antigen (PAP/PA2024). A PAP/PA2024-specific immune 

response (which is defined as the generation of antigen-specific antibodies, antigen-specific 

T-cell activation and/or antigen-specific T-cell proliferation) was seen in 79% of patients. The 

immune responses correlated with OS and could be beneficial for the response on subsequent 

or concomitant immunotherapeutics, a paradigm which will be detailed in the final chapter of 

this review 50.
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In conclusion, in metastatic malignancies such as non-small-cell lung cancer, melanoma, 

urothelial cancer and RCC, where ICI are particularly effective, it is unlikely DC vaccination 

will gain a role as monotherapy in widespread metastatic disease due to its less established 

clinical benefit. 

Rationale for dendritic cell vaccination in the adjuvant treatment of 
cancer

Besides the application of anti-cancer therapeutics in the treatment of metastatic disease, 

the adjuvant treatment of patients after surgery of local disease is also common practice in 

oncology. Surgical resection with curative intent aims to excise all tumor burden. However, 

depending on the type of malignancy, occult residual disease remains in a variable portion of 

patients and can eventually lead to relapse 51. Adjuvant treatment aims to kill residual cancer 

cells, thereby reducing the chance of relapse. With advancing knowledge of the interaction 

between the immune system and cancer, it becomes increasingly clear that higher tumor load 

is associated with higher tumor-induced immune suppression. For example, regulatory T-cells 

(Treg) and myeloid derived suppressor cells (MDSC) attracted by tumor cells induce anergy 

in T-cells 52. Moreover, several soluble factors secreted by tumor cells, such as TGF-β, IL-10 

and VEGF, are recognized to suppress infiltrated effector T-cells 53-55. Also, tumors are able 

to upregulate indoleamine 2,3-dioxygenase (IDO) which converts tryptophan to kynurenine, 

inhibiting effector T-cells through a mechanism not completely understood 56. Tumor load-

associated immune suppression is generally regarded as the underlying cause of the low 

clinical response to DC vaccination in metastatic disease 57. Indeed, in our group we detected 

antigen-specific T-cells in 71% of melanoma patients following adjuvant DC vaccination 

compared to 23% following vaccination in the metastatic setting 58, 59. In the adjuvant setting, 

the possibly remaining occult disease represents a low tumor burden, and hence less immune 

suppression (Figure 3). Therefore, DC vaccination may be more successful in the adjuvant 

compared to the metastatic setting. 
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Figure 3: The difference in tumor load-associated immune suppression between minimal residual 
disease and a situation with high tumor load. 
Antigen-specific T-cells induced by dendritic cell vaccination eliminating minimal residual disease after 
surgical resection of cancer (A). Minimal residual disease is associated with less immune suppression 
as opposed to a situation with more tumor load (B). Tumor load-associated immune suppression is 
caused by (among other factors) regulatory T-cells, myeloid derived suppressor cells, soluble immune 
suppressive factors (such as IL-10, TGFβ and VEGF) and indoleamine 2,3-dioxygenase activity. Vaccination-
induced T-cells can be rendered anergic by this immune suppression, resulting in inferior clinical results. 
Therefore, dendritic cell vaccination might be more effective in the adjuvant setting. Abbreviations: IDO, 
indoleamine 2,3-dioxygenase; MDSC, myeloid derived suppressor cells; Treg, regulatory T-cells.

There are some additional arguments to consider DC vaccination as an adjuvant treatment 

option. Besides efficacy, a low toxicity profile is an important hallmark of any adjuvant treatment 

as a substantial portion of cancer patients receiving adjuvant treatment would not endure 

a relapse even without this adjuvant therapy. As noted before, DC vaccination is associated 

with little toxicity, not only compared to chemotherapy but also compared to ICI. In addition, 

besides a direct clinical benefit for patients, adjuvant DC vaccination might also prove to be 

beneficial in improving response to subsequent treatment in case of relapse. In theory, tumor-

specific T-cells induced by adjuvant DC vaccination might result in an increased tumor-specific 

immune response when ICI are given at a later moment in the metastatic setting. Indeed, this 

effect has been observed retrospectively with administration of ipilimumab in patients with 

relapse after adjuvant DC vaccination for stage III melanoma 60. In addition to ipilimumab, a 

similar effect was also seen retrospectively in GBM patients receiving chemotherapy after DC 

vaccination 61. These additive effects should be considered when integrating DC vaccines in the 

therapeutic landscape of cancer. Considering these arguments, the next part will focus on data 

obtained with DC vaccines in the adjuvant setting.
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Adjuvant dendritic cell vaccination in glioblastoma
Adjuvant DC vaccination has been studied in GBM. In contrast to most malignancies, distant 

metastases seldom occur in GBM 62. Nonetheless, GBM represents a lethal disease, with 

patients having a median survival of approximately 15 months 63. GBM is commonly treated with 

maximally safe surgery and adjuvant temozolomide (TMZ) in conjunction with radiotherapy, 

the so-called Stupp protocol 64. However, even with extensive treatment, residual disease 

invariably remains and recurrence is certain. This results from the infiltrative growth and lack 

of a distinct border between normal brain tissue and tumor. Therefore, DC vaccination in the 

adjuvant setting after surgery in GBM is different from for example adjuvant DC vaccination in 

RCC and melanoma in which complete disease control after surgery is possible. In this review, 

we consider DC vaccination to be adjuvant when it is integrated in treatment protocols after 

maximally safe surgery in newly diagnosed GBM.

Historically, the central nervous system is considered an immune-privileged site, casting 

doubt whether GBM could be susceptible to immunotherapy. However, in recent years it has 

become increasingly clear the central nervous system is subject to active immunosurveillance 

even with an intact blood-brain barrier 65. Albeit not yet vigorously explored, the research into 

the treatment of GBM with ICI has not yet resulted in proof of efficacy. Nivolumab is the ICI 

furthest in clinical development, a phase III trial comparing nivolumab to bevacizumab for the 

first recurrence after radiotherapy and TMZ is currently ongoing (NCT02017717). Final results 

are not yet reported in a peer-reviewed journal, but presented results revealed that the primary 

end-point was not met (median OS in recurrent disease: 9.8 months with nivolumab vs. 10.0 

months with bevacizumab) 66. Individual reports of response on anti-PD-1 mAb monotherapy 

do exist, although these are isolated cases concerning tumors with high mutational load 67-69. 

With these results in mind and the fact that mutational load and number of tumor infiltrating 

lymphocytes in GBM are generally low, it is doubtful whether ICI as monotherapy have promise 

as a future treatment option 70, 71. 

Next to monotherapy with ICI, ICI combined with other standard treatment modalities is being 

investigated in phase III trials. For example, CheckMate 498 (comparing TMZ and radiotherapy 

to nivolumab and radiotherapy) and the CheckMate 548 (comparing radiotherapy, TMZ and 

nivolumab to radiotherapy, TMZ and placebo), both involving nivolumab, are currently ongoing. 

Similar phase I and II trials combining pembrolizumab or ipilimumab with TMZ and radiotherapy 

are being performed. Results on such integration of ICI in standard treatment strategies are 

not yet reported.

Considering DC vaccination studies concerning GBM, DC-based therapy is often integrated 

into the standard adjuvant treatment for GBM. As of now, the only available phase III trial data 

involving DC vaccines in GBM are the very recently published interim results of an ongoing 
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clinical study involving a vaccine called DCVax®-L (see also Table 2) 72. DCVax®-L is a vaccine 

manufactured from autologous DC loaded with tumor lysate derived from autologous GBM 

cells. Unblinded data on 331 patients with newly diagnosed GBM was presented. After surgery, 

patients were randomized (2:1) to receive either DCVax®-L incorporated into standard of care 

(TMZ and radiotherapy) or standard of care alone. Due to the study design, which enabled 

crossover from the standard of care to the vaccination arm upon progression, a total of 86% of 

patients received vaccination at the time of interim analysis. The authors compare the median 

OS of 23.1 months for the entire study population with OS data from comparable patients in 

different trials (which have a reported median OS of 15-17 months), from this comparison they 

suggest a clinical benefit from their vaccine. The definite results on clinical outcome, including 

PFS data, are eagerly awaited. 

Previously, the favorable toxicity profile of DC vaccination was shown in several phase I/II 

studies showing the safety of adjuvant DC vaccination in GBM 73-78. Important to consider is that 

in these studies, DC vaccination was often combined with chemotherapy and/or radiotherapy, 

this combination had little added toxicity compared to chemotherapy and/or radiotherapy 

without DC vaccination. Despite not being designed for the purpose of assessing clinical 

outcome, these studies reported favorable median OS compared to their respective control 

groups ranging from 15 up to 41 months 74, 75, 77, 78. Furthermore, a positive correlation was 

shown between survival and presence of an immune response after vaccination 61. 

Clinical outcome as primary endpoint was reported in several phase II studies. One of the 

largest studies completed to date involving DC vaccination in GBM, was performed by Ardon 

et al. and included 77 patients with newly diagnosed GBM 79. There was no control group, 

all patients received adjuvant DC vaccination integrated in standard treatment with TMZ and 

radiotherapy after complete resection of their GBM. The study reported favorable median OS 

of 18.3 months compared to the 14.6 months achieved in the landmark study by Stupp et al 64.

In conclusion, preliminary results on ICI in GBM make it very doubtful monotherapy with ICI 

will ever gain traction for this indication, results of large trials concerning ICI combined with 

chemoradiotherapy are pending. For DC vaccination in combination with chemoradiotherapy 

in GBM, occasionally favorable clinical outcomes have been reported. Due to strict inclusion 

criteria of these studies, the results are hard to interpret and compare with existing literature. 

Therefore, these result warrant further research with randomized phase III trials and additional 

data from the DCVax®-L trial are awaited. 

Adjuvant dendritic vaccination in renal cell carcinoma and melanoma
Besides GBM, both RCC and melanoma in certain stages also exhibit high recurrence rates 

after surgery. For melanoma, the risk of relapse is particularly high when the disease has 
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metastasized to regional lymph nodes (stage III). Melanoma with lymph node metastasis has a 

5-year survival rate ranging from 40% (stage IIIC) to 78% (stage IIIA) 80. In RCC, recurrence of 

disease following surgery is also common, resulting in a declining survival rate with increasing 

stage 81.

Melanoma and RCC are similar in the sense that both tumors are very chemo-resistant and that 

their adjuvant treatment strategy in the pre-ICI era was mainly based on cytokine treatment 

with IL-2 and IFN-α 82, 83. In both cancers, IL-2 and IFN-α provide little clinical benefit and are 

associated with high toxicity. For melanoma, ipilimumab showed clinical activity in the adjuvant 

setting with a 5-year recurrence-free survival rate of 41% compared to 30% in the placebo group 

(hazard ratio for recurrence or death, 0.76; p<0.001). Importantly, 5-year distant metastasis-

free survival rate was also improved with 48% compared to 39% (hazard ratio for death or 

distant metastasis, 0.76; p=0.002) 21. Although these results show efficacy, the application 

of adjuvant ipilimumab is opposed by its significant toxicity (approximately 40% of patients 

experience immune-related grade 3 or 4 adverse events) 21, 84. In addition, both nivolumab 

and pembrolizumab have shown to increase PFS in the adjuvant setting for melanoma 19, 20. 

Adjuvant nivolumab was tested against ipilimumab in completely resected stage IIIB, IIIC and IV 

melanoma. In this study adjuvant nivolumab improved the 1-year PFS rate to 72.3% compared 

to 61.6% in ipilimumab-treated patients. Similarly, adjuvant pembrolizumab was compared 

to placebo in stage IIIA, IIIB and IIIC melanoma. The 1-year PFS rates were 75% and 61%, 

respectively. Despite pending OS data, both the FDA and EMA recently granted approval for 

adjuvant nivolumab and are considering approval for adjuvant pembrolizumab.

For RCC, adjuvant treatment is also available. Adjuvant sunitinib, a tyrosine kinase inhibitor, for 

RCC has gained approval by the FDA based on improved PFS (6.8 months versus 5.6 months for 

placebo; hazard ratio for recurrence, 0.76; p=0.03). However, utility is limited due to high toxicity 

and lack of OS gain 85. Based on these considerations, the EMA has, in contrast to the FDA, 

adopted a negative opinion for the adjuvant application of sunitinib. In contrast to melanoma, 

for RCC no results on adjuvant ICI have been reported. However, several adjuvant clinical 

trials are ongoing, including the combination of ipilimumab and nivolumab (NCT03138512); 

atezolizumab (NCT03024996); pembrolizumab (NCT03142334) and nivolumab (NCT03055013) 
82. 

In both melanoma and RCC, DC vaccination has also been investigated as adjuvant treatment. 

Retrospective analysis from our group showed clinical benefit in stage III melanoma patients 

adjuvantly treated with monocyte-based DC vaccination compared to matched controls. In 

this study, OS for 78 patients treated with DC vaccines doubled compared to the 209 controls 

(63.6 months vs. 31.0 months; hazard ratio 0.59; p = 0.018) 58. Markowicz et al. have shown 

similar results in a prospective study concerning a peptide-loaded DC vaccine. In 22 vaccinated 
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patients the study achieved a 3-year OS of 68% compared to 26% in the 22 patients of the 

matched historical control group (p=0.029). The primary endpoint however, 3-year PFS rate, 

was not significantly improved probably due to the small number of patients (vaccinated 

patients: 41%; controls 15%; p=0.108) 86. No phase III trials currently have been completed on 

adjuvant DC for melanoma. However, our group is currently conducting a trial which involves 

the employment of natural circulating DC vaccines in patients with stage IIIB or stage IIIC 

melanoma (NCT02993315) (Table 2).

In RCC, research on DC vaccination is mainly focused on metastatic disease and little data 

regarding adjuvant DC vaccination is available. However, a phase III trial was performed with 

adjuvant DC vaccination in various stages of disease. Patients vaccinated with DC loaded with 

tumor lysate in combination with cytokine-induced killer cells were compared to patients treated 

with IFN-α. Mainly due to a very heterogeneous study population, no definitive conclusions 

could be drawn. However, the study showed significant PFS and OS benefit suggesting that 

further research on adjuvant DC vaccination in RCC is warranted 87. 

Currently, too little data is available to claim that DC vaccination is effective in the adjuvant 

setting. Yet, the above presented data, show favorable clinical results and consistently confirm 

the limited toxicity in a variety of cancers. More robust prove of efficacy may be under way as 

several phase III trials on adjuvant DC vaccination are currently being performed (Table 2). 

Whether DC vaccination acquires a definitive role in the adjuvant treatment of cancer will also 

be dependent on the results of ongoing phase III trials assessing other adjuvant treatments, 

including trials with ICI 88. 

Table 2: Active phase III clinical trials concerning dendritic cell vaccination as adjuvant treatment in 
various malignancies (as of May 2018).

Disease Vaccine formulation Status Identifier

Melanoma 
(stage III)

Natural dendritic cell subsets loaded 
with melanoma-specific peptides

Recruiting NCT02993315

Uveal melanoma  
(high risk)

Dendritic cells loaded with autologous 
tumor RNA

Recruiting NCT01983748

Glioblastoma  
(newly diagnosed)

DCVax®-L: dendritic cells loaded with 
tumor lysate

Active, not recruiting NCT00045968

The combination of dendritic vaccination and other modalities for 
the treatment of metastatic disease

As noted before, the clinical benefit of monotherapy DC vaccination for patients with metastatic 

disease is probably limited. However, the ultimate role for vaccines may lie in the combination 

with other modalities. The generation of a cellular immune response upon DC vaccination 
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is commonly reported and may potentiate the effect of other anti-cancer therapeutics 23. 

Conversely, tumor reduction caused by chemotherapy, radiation therapy or targeted therapy 

can alleviate tumor-induced immune suppression which hinders efficacy of DC vaccination. 

However, possible synergies involve more than the mere reduction of tumor load as modalities 

other than immunotherapy also exhibit immunogenic effects on tumors (Figure 4). For example, 

although chemotherapeutics are associated with lymphodepletion, positive immune modulatory 

effects are described, including the induction of immunogenic cell death and depletion of Treg 

and MDSC 89-92. In addition, radiotherapy and different forms of targeted therapy are known to 

have immunostimulatory properties, i.e. enhanced T-cell infiltration and killing capacity 93-96. 

Clinical studies combining DC vaccination with chemotherapy, radiotherapy and/or targeted 

therapy have been performed. Without extensive elaboration on these studies, the safety of 

combining DC vaccination with these modalities is confirmed in phase I trials 97-100. 

Figure 4: Combinational strategies to achieve synergy between several treatment modalities and 
dendritic cell vaccination. 
Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DC, dendritic cell; mAb, monoclonal 
antibody; CD8, cluster of differentiation number 8 (cytotoxic T-cell); MDSC, myeloid derived suppressor 
cells; PD-1, programmed cell death protein; PD-L1, programmed death-ligand 1; Treg, regulatory T-cells.

Futhermore, ample data exist suggesting efficacy 101, 102. Besides these treatment modalities, 

the combination of DC vaccination with other forms of immunotherapy intervening in additional 

steps of the cancer immunity cycle may be of particular interest as it is thought to result in 

more additive immunogenic effects. For example, it would be very interesting to explore the 

combination of DC vaccination with chimeric antigen receptor (CAR) T-cell therapy, oncolytic 
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viruses or other investigational immunotherapies. Here, we will discuss the combination of DC 

vaccination with the most successful immunotherapeutic agents to date, ICI. 

Both ICI and DC vaccination exert their effects primarily through the modulation of the immune 

system and do so on different steps in the cancer immunity cycle. For response on ICI, tumor-

specific T-cells have to be present in the tumor micro-environment, the generation of which 

may be aided with DC vaccination 103. As introduced before, a higher number of tumor-infiltrating 

lymphocytes is associated with a better response on ICI. In this respect, especially in tumors 

with low mutational burden, the addition of DC vaccines could prove to be beneficial 104. 

Conversely, T-cells induced by DC vaccination are often hindered by the immune suppressive 

milieu of tumors. ICI might aid the effector functions of these T-cells by reducing inhibition 

through PD-1 signaling or by enhancing T-cell activation through the modulation of CTLA-4. 

The idea that tumor-specific T-cells activated by DC vaccination can be further stimulated with 

ICI is also supported by pre-clinical data. For example, upregulation of PD-1 on T-cells derived 

from the blood of vaccinated patients has been shown in vitro 105. Subsequent blockade of 

these upregulated PD-1 molecules could augment T-cell function. In addition, ICI exert several 

immune augmenting effects besides the direct antagonism of PD-1 and CTLA-4. For example, 

Treg depletion by anti-PD-1 mAb was shown in a mouse model 106. 

In contrast to preclinical data, clinical data on combined treatment with ICI and DC vaccination 

in humans is scarce. In 2009, Ribas et al. reported safety of combining tremelimumab (CTLA-4 

mAb) and DC vaccination in melanoma patients 107. Despite the trial was not designed to assess 

clinical outcome, 4 out of 16 patients (25%) achieved an objective clinical response. The authors 

state that clinical benefit was at the higher end of what can be expected from monotherapy 

tremelimumab. In addition, Wilgenhof et al. showed a promising ORR of 38% in 39 metastatic 

melanoma patients treated with the combination of ipilimumab and DC vaccination 108. In 36% 

of patients grade 3 or 4 adverse events were seen, which is comparable with rates seen in 

large clinical trials with monotherapy ipilimumab 5, 84. This suggests little added toxicity from 

the addition of DC vaccines to ICI.

Considering its lower toxicity and better response rates compared to anti-CTLA-4 mAb, anti-

PD-1 mAb might be more suitable combinational partners for DC vaccines. As of now, no data 

is published on the combined anti-PD-1 mAb and DC vaccination. However, several clinical 

trials investigating combinations of DC vaccination with clinically approved ICI are currently 

being performed (Table 3).
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Table 3: Ongoing clinical trials concerning dendritic cell vaccination in combination with clinically 
approved immune checkpoint inhibitors (ipilimumab, nivolumab, pembrolizumab, avelumab, 
atezolimumab and durvalumab) in solid tumors.

Immune checkpoint 
inhibition  
(target molecule) 

Vaccine formulation Malignancy Status NCT-identifier

Combined Ipilimumab 
and Nivolumab (CTLA-4/
PD-1) 

DC with the insertion 
of the p53 gene

SCLC Recruiting NCT03406715

Nivolumab
(PD-1)

DC loaded with CMV 
pp65 mRNA

Recurrent brain 
tumors

Active, not 
recruiting

NCT02529072

Nivolumab
(PD-1)

DC loaded with NY-
ESO-1 peptide

NY-ESO-1+ solid 
tumors

Recruiting NCT02775292

Nivolumab
(PD-1)

DC loaded with 
autologous tumor 
lysate

Recurrent 
glioblastoma

Not yet 
recruiting

NCT03014804

Pembrolizumab
(PD-1)

DC loaded with  
peptide

Melanoma Recruiting NCT03092453

Pembrolizumab
(PD-1)

DC-CIK Solid tumors, 
NSCLC, 
Mesothelioma

Recruiting NCT03190811
NCT03360630 
NCT03393858

Nivolumab or 
Pembrolizumab
(PD-1)

DC-CIK Refractory solid 
tumors

Recruiting NCT02886897

Avelumab
(PD-L1)

DC/AML fusion vaccine Colorectal cancer Not yet 
recruiting

NCT03152565

Abbreviations: CIK, cytokine induced natural killer cells; CMV, cytomegalovirus; CTLA-4, cytotoxic 
T-lymphocyte-associated protein 4; DC, dendritic cells; NSCLC, non-small-cell lung cancer; SCLC, small-
cell lung cancer; PD-1, programmed death-1; PD-L1, programmed death ligand 1.

Besides currently approved ICI, DC vaccination can also be combined with ICI targeting 

alternative immune checkpoints (not -yet- clinically approved mAb). Currently, mAb targeting 

LAG-3 and TIM-3 are in various stages of clinical development as monotherapy and might be 

good candidates for combination. LAG-3 mAb for example, were shown to reduce expansion 

of Treg 109. TIM-3 was shown to be present in conjunction with PD-1 on dysfunctional T-cells 

after vaccination, suggesting they might form a target for mAb in addition to anti-PD-1 110. 

Finally, the combination of multiple ICI and DC vaccination might be a promising strategy, 

albeit requiring careful considerations concerning the related toxicities 111. 

Despite several ongoing clinical trials, an important aspect of combinational strategies, the 

timing of administration, might be under-investigated. In theory, it would seem logical to first 

administer DC vaccines to generate tumor-specific T-cells and consequently release immune 

suppression with anti-PD-1 mAb. Conversely, the timing of administering DC vaccines and 

ipilimumab may be more complex as both ipilimumab and these vaccines exert their functions 

in the priming phase of T-cells. Indeed, in a pre-clinical prostate cancer model optimal 

response on ipilimumab was shown when given on the same day as vaccination 112. Whether 
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the timing of anti-PD-1 mAb and DC vaccination is equally important is not known and forms 

an interesting subject for further research.

In conclusion, combinational strategies for the treatment of cancer incorporating DC vaccination 

are a promising field of research. Considering the favorable results on the combination of DC 

vaccination and anti-CTLA-4 mAb, the results on the currently ongoing combinational clinical 

trials with anti-PD-1 and anti-PD-L1 mAb are eagerly awaited. 

Conclusion

Immunotherapy for the treatment of cancer is a fast-moving field. It is important to determine 

the relative position of DC vaccination to other treatments in this rapidly evolving landscape. 

Ideally, patients can be selected based on biomarkers predictive for response to therapy. 

Currently, no predictive biomarkers for DC vaccine response are applied in the clinic to guide 

treatment decisions but the immune landscape of the tumor might hold promise. Also, few 

clinically useful predictive biomarkers for ICI are known. With the success of ICI and the 

lesser clinical benefit of DC vaccination in metastatic disease, it becomes increasingly clear 

that the future of DC vaccination in extensive metastatic disease as standalone treatment is 

probably limited. However, the immune-inducing properties of DC vaccination makes it a prime 

candidate for combination with other anti-cancer modalities, especially ICI. The currently 

ongoing research on DC vaccination combined with ICI such as anti-PD-1 mAb has to determine 

whether this combination has a future perspective. The theoretical basis and the promising 

clinical data on anti-CTLA-4 mAb combined with DC vaccination does imply this perspective 

exists. With its highly favorable toxicity profile, another application of DC vaccination might lie 

in the adjuvant setting. Furthermore, DC vaccination as monotherapy may be more effective in 

adjuvant setting compared to its application in metastatic setting. 

Consequently, for DC vaccination to gain a definitive role in the therapeutic landscape of cancer, 

research should be focused on well-designed trials in the adjuvant setting, combinational 

strategies, and patient selection. 
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Abstract

Purpose
To evaluate the results of restaging completely resected stage IIIB/C melanoma prior to start 

of adjuvant therapy.

Patients and Methods
One hundred twenty patients with stage IIIB or IIIC (AJCC 2009) melanoma who underwent 

complete surgical resection were screened for inclusion in our trial investigating adjuvant 

dendritic cell therapy (NCT02993315). All patients underwent imaging to exclude local relapse 

or metastasis before entering the trial. The frequency of recurrent disease within 12 weeks after 

resection and the method of detection were investigated.

Results
Sixty-nine (58%) stage IIIB and 51 (43%) stage IIIC melanoma patients were screened. Median 

age was 54 (range 27–79) years. Twenty-two (18%) of 120 patients with completely resected stage 

IIIB/C melanoma had evidence of early recurrent disease, despite exclusion thereof by prior 

imaging. Median interval between resection and detection of relapse was 7.4 (range 4.3–10.7) 

weeks. Recurrence was asymptomatic in 17 (77%) patients, but metastasis was noticed by the 

patient or physician in 5 (23%). Eight patients with local relapse received local treatment with 

curative intent, and one was treated with systemic therapy. The remaining patients had distant 

metastasis, 1 of whom underwent resection of a solitary liver metastasis while 12 patients 

received systemic treatment.

Conclusions
Patients with completely resected stage IIIB/C melanoma have high risk of early recurrence 

before start of adjuvant therapy. Restaging should be considered for high-risk melanoma 

patients before start of adjuvant therapy.
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Introduction

Treatment of stage III melanoma consists of complete resection with curative intent. However, 

the risk of recurrence afterwards is high, resulting in 5-year overall survival (OS) rates between 

40% and 78% 1-3. Therapeutic options and prospects for patients with metastatic melanoma 

have changed considerably in recent years, especially with the introduction of immune 

checkpoint inhibitors and BRAF- and MEK-inhibitors 4-10. These drugs have been proven to 

significantly improve OS in metastatic melanoma and have also shown promising results in 

the adjuvant setting. Phase III trials investigating adjuvant systemic therapy with ipilimumab 

(anti-CTLA-4 antibody) and combined dabrafenib/trametinib (BRAF/MEK-inhibitor) showed 

improved OS compared with placebo 11, 12. Adjuvant nivolumab and pembrolizumab (both 

anti-PD-1 antibodies) led to improved 12-month recurrence free survival (RFS) rates when 

compared with ipilimumab and placebo, respectively 13, 14. Data on OS are still awaited. These 

results led to approval of ipilimumab, pembrolizumab, nivolumab, and combined dabrafenib/

trametinib as adjuvant therapy by the FDA. The EMA approved use of nivolumab and combined 

dabrafenib/trametinib in the adjuvant setting and received a positive advice from the Committee 

for Medicinal Products for Human Use (CMHP) for adjuvant use of pembrolizumab 15-23. 

After diagnosis of nodal metastasis in high-risk stage III melanoma, imaging techniques (e.g. 

CT or 18F-fluorodeoxyglucose (18F-FDG) PET) are used to exclude distant metastasis. In stage 

IIIB/C melanoma most recurrences appear within the first 2 years after surgical resection 1. 

Despite this high risk, incorporation of imaging techniques in follow-up after resection differs 

widely between centers. No survival benefit of imaging during follow-up was demonstrated in 

a randomized trial, but this trial was carried out prior to the introduction of effective therapies 

for metastatic melanoma 24, 25. In a clinical trial investigating adjuvant therapy, it is mandatory 

to exclude recurrent disease prior to inclusion, preventing metastatic melanoma patients from 

entering the adjuvant study. 

We report herein imaging results for 120 stage IIIB and IIIC melanoma patients who underwent 

complete surgical resection within 12 weeks prior to inclusion in a placebo-controlled, 

randomized trial investigating adjuvant dendritic cell therapy (NCT02993315). Imaging with 

contrast-enhanced venous-phase CT (ceCT) or 18F-FDG PET/CT was performed to exclude 

recurrent disease within 6 weeks prior to inclusion. 
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Patients and methods

Patients 
After signing informed consent, patients were screened for eligibility in a placebo-controlled 

randomized trial (NCT02993315) investigating adjuvant dendritic cell vaccination. The protocol 

has been approved by the national review committee (Central Committee on Research Involving 

Human Subjects), and is in concordance with the Declaration of Helsinki and Good Clinical 

Practice. Eligible patients were adults with stage IIIB or IIIC (AJCC 7th edition)2 cutaneous 

melanoma within 12 weeks after complete radical lymph node dissection (RLND) and after 

recovery from the surgery. The protocol was amended after publication of the MSLT-II trial 

results, which showed no survival benefit of completion lymph node dissection after removal 

of microscopic metastasis with sentinel lymph node biopsy (SLNB) when compared with nodal 

surveillance 26. After amendment, patients with microscopic disease could be included after 

SLNB and additional completion lymph node dissection was no longer required. Macrometastasis 

was defined as a palpable node or as a nonpalpable node of at least 15mm in short axis on 

CT, a PET-positive node or one or more foci of melanoma of at least 1cm in diameter in the 

pathology report. Patients with completely resected in transit and/or satellite metastasis, an 

unknown primary tumor and (planned) adjuvant radiotherapy could be included. In addition, 

absence of distant metastasis had to be documented by ceCT of the chest, abdomen and pelvis 

or whole-body 18F-FDG PET-scan combined with CT (18F-FDG PET/CT) within 6 weeks before 

inclusion in our trial. In patients with head or neck melanoma, additional ceCT of the neck was 

obligatory. Imaging of the brain was performed in case of clinical suspicion of brain metastasis. 

Exclusion criteria included autoimmune disease (except for skin disease, hypothyroidism after 

autoimmune thyroiditis, and type 1 diabetes mellitus), a second malignancy in the last 5 years 

(except for adequately treated carcinoma in situ and basal or squamous cell carcinoma of 

the skin), concomitant use of oral or intravenous immunosuppressive drugs, and uncontrolled 

infectious disease. 

Methods
Within 6 weeks prior to the start of the study, imaging to exclude relapse was performed. 

Recurrence was considered symptomatic if suspected by symptoms and/or abnormalities 

during physical examination. Otherwise, recurrence was considered asymptomatic. Blood 

tests, including lactate dehydrogenase (LDH), were carried out within 4 weeks before inclusion. 

For baseline characteristics, a conglomerate of lymph nodes with at least four metastatic 

lymph nodes and presence of extracapsular extension was regarded as N3 disease. In case of 

a conglomerate, the diameter of lymph node involvement was counted as the diameter of the 

conglomerate.



Early recurrence in stage IIIB/C melanoma

103

4

Results

Patient characteristics
Between November 2016 and July 2018, 120 patients were screened for eligibility. Baseline 

characteristics are presented in Table 1. Median age was 54 (range 27-79) years, and 76 (63%) 

of patients were male. Sixty-nine (58%) and 51 (43%) patients were diagnosed with stage IIIB 

and IIIC melanoma, respectively. Twenty-one (18%) patients had completely resected in-transit 

metastasis, and 9 (8%) patients presented with nodal metastasis from an unknown primary 

tumor. Baseline characteristics of patients with and without recurrent disease during screening 

are presented in Table 1. No statistically significant differences between groups were present. 

Table 1: Baseline characteristics.

Characteristic Total 
(n=120)

No recurrent 
disease during 
screening
(n=98)

Recurrent 
disease during 
screening
(n=22)

Age (years) – median (range) 54 (27-79) 55 (27-79) 51 (27-73)

Sex – n (%)
   Male
   Female

76 (63)
44 (37)

59 (60)
39 (40)

17 (77)
5 (23)

Stage at screening (AJCC 7th edition) – n (%)
   IIIB
   IIIC

69 (58)
51 (43)

58 (59)
40 (41)

11 (50)
11 (50)

Breslow – n (%)a

  <2mm
   2-4mm
   ≥ 4mm 
   Otherb

49 (44)
24 (22)
36 (32)
2 (2)

42 (47)
19 (21)
27 (30)
1 (1)

7 (32)
5 (23)
9 (41)
1 (5)

Ulceration – n (%) a

   Yes
   No

38 (32)
73 (61)

31 (32)
58 (59)

7 (32)
15 (68)

Histological type – n (%) a

   Superficial spreading melanoma
   Nodular melanoma
   Other
   Missing

73 (66)
26 (23)
7 (6)
5 (5)

61 (69)
20 (22)
5 (6)
3 (3)

12 (55)
6 (27)
2 (9)
2 (9)

Site primary – n(%)
   Head/neck
   Trunk 
   Upper extremity
   Lower extremity
   Genital
   Unknown primary

17 (14)
46 (38)
13 (11)
34 (28)
1 (1)
9 (8)

13 (13)
37 (38)
12 (12)
26 (27)
1 (1)
9 (9)

4 (18)
9 (41)
1 (5)
8 (36)
0 (0)
0 (0)

Type of lymph node involvement – n (%)
   Microscopic
   Macroscopic 

21 (18)
99 (83)

19 (19)
79 (81)

2 (9)
20 (91)
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Maximum diameter of lymph node metastasis 
(cm) – median (range) 2.0 

(0.01 – 7.5)
1.9
(0.01 – 7.5)

3.0 
(0.25 – 7.0)

Number metastatic lymph nodes – n (%)
   0
   1
   2-3
   ≥ 4

1 (1)
46 (38)
37 (31)
36 (30)

1 (1)
40 (41)
29 (30)
28 (29)

0 (0)
6 (27)
8 (36)
8 (36)

Site of nodal metastasis
   Neck
   Axilla
   Groin
   Popliteal

26 (22)
51 (43)
42 (35)
1 (1)

21 (21)
46 (47)
30 (31)
1 (1)

5 (23)
5 (23)
12 (55)
0 (0)

Extracapsular extension – n (%)
   Yes
   No
   Missing

30 (25)
67 (56)
23 (19)

23 (23)
56 (57)
19 (19)

7 (32)
11 (50)
4 (18)

In transit or (micro)satellite metastasis c – n 
(%)
   Yes
   No

21 (18)
99 (83)

17 (17)
81 (83)

4 (18)
18 (82) 

BRAF – n (%)
   BRAF V600E/V600K
   Wildtype   
   Otherd 
   Missing 

78 (65)
34 (28)
3 (3)
5 (4)

65 (66)
29 (30)
2 (2)
2 (2)

13 (59)
5 (23)
1 (5)
3 (14)

a Excluding 9 patients with an unknown primary tumor 
b Primary melanoma was diagnosed as melanocytic tumor of uncertain malignant potential (MELTUMP) in 
two patients, confirmed by revision. 
c Including locoregional recurrences. 
d One inactivating mutation; one p.Leu485Trp mutation; one p.Thr599Dup mutation. 
Abbreviations: AJCC: American Joint Committee on Cancer

Detection of recurrent disease
Melanoma metastasis was detected in 22 (18%) of 120 patients (Figure 1), corresponding to a 

number needed to screen of 5.45, to detect one patient with recurrent disease. Thirteen (59%) 

patients were identified with distant metastasis, while in the remaining nine (41%) patients, 

metastasis was locoregionally located. 

Five (23%) recurrences were found based on symptoms or physical examination (symptomatic 

recurrence); in 3 patients, in-transit metastasis was noticed by the patient (n = 1) or physician 

(n = 2), and another patient discovered a local recurrence at the site of the resected primary 

melanoma. Of these 4 patients with symptomatic locoregional relapse, 2 showed detectable 

distant metastatic disease on ceCT scan. The fifth patient developed back pain, which was 

suspicious for bone metastasis and confirmed by ceCT imaging. Seventeen (77%) relapses were 

asymptomatic and initially detected by imaging, corresponding to a number of asymptomatic 

Table 1: Continued
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patients needed to screen of 6.76. One of these patients presented with atypical, very small 

pulmonary nodules before RLND. Another patient showed atypical/ nonspecific hypodense 

liver lesions of maximum 10 mm on preoperative ceCT scan, and these lesions were identified 

as liver metastases during screening ceCT after a 12-week interval. Serum LDH level was not 

a sensitive parameter for recurrent disease, since only 4 (18%) out of 22 relapsed patients had 

elevated LDH. All 4 patients had distant metastasis, and 2 of them were asymptomatic. 

Figure 1: Detection of recurrent disease during screening for eligibility.

Imaging techniques and intervals
Before referral to our trial, metastasis had been excluded with 18F-FDG PET/CT (94%) 

or ceCT (6%) in 115 patients. Of the 5 patients in whom metastasis had not been excluded 

prior to screening, 4 had resected micrometastasis in the pathology report and one patient 

had macrometastatic disease. However, in all patients presenting recurrent disease during 

screening, distant metastasis had been excluded on imaging prior to start of screening for 

eligibility (Figure 2). For this group with early relapse, prior imaging was done using 18F-FDG 

PET/CT in 20 patients (91%) and ceCT in the remaining 2 patients. 



Chapter 4

106

Figure 2: Time intervals and techniques of imaging used prior to intended start of adjuvant therapy.
Time intervals are presented as median (range). Abbreviations: ceCT, contrast-enhanced venous phase 
CT; 18F-FDG PET/CT, 18F-fluorodeoxyglucose PET-scan combined with CT; RLND, radical lymph node 
dissection; SLNB, sentinel lymph node biopsy.
a Imaging prior to referral for trial participation was performed postoperatively after sentinel node biopsy 
(micrometastatic disease) in nine patients and in three patients with macrometastatic disease. 
b Imaging was not repeated during screening for eligibility in five patients, since the inclusion in the adjuvant 
trial was within 6 weeks after prior imaging. 

To screen for eligibility, 110 (96%) patients had standard ceCT. In the remaining 5 (4%) patients, 

imaging was performed by 18F-FDG PET/CT. Relapse during screening was detected by 

ceCT in all cases. In 5 patients, imaging was not repeated during screening, since the start 

of experimental adjuvant therapy was within 6 weeks after prior imaging excluding distant 

metastasis. 

The median interval between imaging during screening and previous imaging was 10.2 (range 

5.7-20.9) weeks in recurrent patients. The median interval between complete resection and 

detection of recurrent disease was 7.4 (range 4.3-10.7) weeks. In patients without recurrent 

disease, these intervals were not significantly different, with a median interval between scans 

of 11.1 (range 5.6-27.7) weeks and an interval between resection and imaging of 7.3 (range 

4.0-11.0) weeks. Figure 3 shows examples of patients with asymptomatic recurrent disease. 
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Figure 3: Asymptomatic recurrent melanoma during screening. 
A Patient with pT4aN1b/stage IIIB melanoma (AJCC 7th edition)2 showed no metastatic disease on 18F-FDG 
PET/CT prior to radical lymph node dissection (RLND) (panel A), but venous-phase contrast-enhanced CT 
(ceCT) 10 weeks after RLND and 12 weeks after prior 18F-FDG PET/CT, shows a liver metastasis (panel B). 
A patient with pT2aN2b IIIB melanoma (AJCC 7th edition) showed no metastatic disease on ceCT (shown) 
and 18F-FDG PET/CT (not shown) prior to RLND (panel C), but ceCT 5 weeks after RLND and 10 weeks after 
prior ceCT, reveals multiple liver metastases (panel D).

Treatment of relapsed patients 
Nine patients showed locoregional metastasis, of whom 8 were referred for surgical resection 

with curative intent. One patient had no evidence of disease after adjuvant radiotherapy, 

therefore planned surgery was cancelled. This patient was disease free during 13 months of 

follow-up, then relapsed. Of the 7 reoperated patients, 6 developed recurrent disease. In 2 

of them, distant metastasis occurred within 1 month after resection of the recurrent local 

disease. In 4 patients, the interval from resection to recurrent disease was 6, 6, 8, and 9 

months. The last reoperated patient is still recurrence free after 10 months of follow-up. In the 

remaining patient, locoregional recurrence consisted of irresectable in-transit metastasis, for 

which treatment with anti-PD-1 antibodies was initiated.

Of the 13 patients with distant metastasis, first-line treatment consisted of anti-PD-1 antibodies 

in 3 patients, 3 patients started with combined immune checkpoint inhibition, and in 6 patients 
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treatment with targeted therapy was initiated. One patient underwent metastasectomy of a 

solitary liver metastasis. 

Discussion

In 120 patients screened for an adjuvant trial, almost one out of 5 patients with completely 

resected stage IIIB or IIIC melanoma showed evidence of recurrent disease prior to start 

of adjuvant therapy, despite adequate prior imaging. These relapses were present within 2 

months after surgery and within 3 months after previous staging. The majority of patients with 

recurrent disease were asymptomatic, and all were identified by ceCT scan.

Discovery of recurrent disease before start of adjuvant therapy improves information about 

prognosis. A proper baseline scan prevents incorrectly discarding of therapy if a metastasis 

is visualized at the first follow-up scan but was already present and detectable before start of 

therapy. In addition, evidence of relapse can change therapeutic management. About one-third 

of patients with recurrent disease were referred for additional resection with curative intent 

due to locoregional relapse. Furthermore, patients with a rapid relapse with relatively high 

metastatic load started treatment with BRAF/MEK inhibitors or combined anti-CTLA-4/

anti-PD-1 antibodies. Therefore, reimaging before start of adjuvant therapy leads to a change 

in therapeutic management in a substantial group of patients and should be considered in all 

patients despite prior imaging. 

A limitation of this study is that we only evaluated patients screened for eligibility in our clinical 

trial, hence a selection bias might have occurred. Patients with more unfavourable prognosis 

and higher risk of recurrence are more likely to be referred for trial participation than patients 

who would be referred for approved adjuvant treatment. On the other hand, some rapid relapses 

are missed in our report due to development of symptomatic metastasis or due to recurrent 

disease diagnosed at radiotherapy planning CT scans before screening for eligibility. The 

interval between scans was similar between the groups with and without relapse, therefore a 

lead-time bias does not seem to play a role. 

To the best of the authors’ knowledge, this is the first report about detection of early recurrent 

disease in resected stage III melanoma before start of adjuvant therapy. Studies have been 

conducted to analyze the discovery of metastasis by imaging in stage III melanoma patients 

during follow-up after resection 27-34. However, these studies performed imaging during 

follow-up with a longer interval after surgery and did not report recurrences in relation to 

start of adjuvant therapy. Mostly, the first scan was conducted 6-12 months after surgery, thus 

information about rapid asymptomatic relapses within 12 weeks, is lacking. 
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In line with our protocol, phase III trials investigating adjuvant treatment with anti-CTLA-4 or 

anti-PD-1 antibodies or BRAF/MEK-inhibitors, excluded metastasis with CT postoperatively 

and within 4-6 weeks prior to randomization 11-14. The trial investigating adjuvant ipilimumab 

versus nivolumab reported that 24% of screened resected stage IIIB/C/IV patients no longer 

met criteria and were not randomized 13. Exact numbers of screening failures due to recurrent 

disease were not mentioned but probably are an important portion thereof. In addition, the 

contribution of relapse in stage IV melanoma patients, at higher risk for relapse than stage 

IIIB/C patients, is not reported. It would be interesting to analyze the numbers of recurrent 

disease during screening in the larger study cohorts of adjuvant phase III trials. 

Taken together, about one-fifth of completely resected stage IIIB/C melanoma patients had 

recurrent disease before start of adjuvant treatment. Because of the impact on prognosis and 

therapeutic consequences, restaging all high-risk patients before start of adjuvant therapy 

seems appropriate.
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Abstract

Vaccination with autologous dendritic cells (DC) loaded ex vivo with melanoma-associated 

antigens is currently being tested as an adjuvant treatment modality for resected locoregional 

metastatic (stage III) melanoma. Based on its mechanism of action, DC vaccination might 

potentiate the clinical efficacy of concurrent or sequential immune checkpoint inhibition (ICI). 

The purpose of this study was to determine the efficacy of ICI administered following recurrent 

disease during, or after, adjuvant DC vaccination. To this end, we retrospectively analysed 

clinical responses of 51 melanoma patients with either irresectable stage III or stage IV 

disease treated with first- or second-line ICI following recurrence on adjuvant DC vaccination. 

Patients were analysed according to the form of ICI administered: PD-1 inhibition monotherapy 

(nivolumab or pembrolizumab), ipilimumab monotherapy or combined treatment with 

ipilimumab and nivolumab. Treatment with first- or second-line PD-1 inhibition monotherapy 

after recurrence on adjuvant DC vaccination resulted in a response rate of 52%. In patients 

treated with ipilimumab monotherapy and ipilimumab-nivolumab response rates were 35% 

and 75%, respectively. In conclusion, ICI is effective in melanoma patients with recurrent 

disease on adjuvant DC vaccination. 

Keywords: melanoma; immunotherapy; adjuvant; dendritic cell; vaccination. 
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Introduction

Melanoma is a highly malignant melanocyte-derived neoplasm. Surgical resection with 

curative intent is the primary treatment modality for local and locoregional disease. However, 

with advancing stage, surgical curation becomes increasing unlikely with 5-year melanoma-

specific survival rates ranging from 93% (stage IIIA) to 32% (stage IIID), although the prognosis 

of melanoma patients having locoregional disease has likely improved since the advent of 

adjuvant systemic therapy 1. In distant metastatic disease (stage IV melanoma), surgery has 

limited value and therapy mainly consists of systemic treatment with immune checkpoint 

inhibition (ICI) and targeted therapy. 

ICI consists of monoclonal antibodies intended to enhance the cancer-eradicating capacity 

of the immune system by restraining the immune-inhibiting function of CTLA-4 (ipilimumab) 

and PD-1 (nivolumab and pembrolizumab). Stage IV melanoma patients can be treated with 

either antibody as monotherapy or with the combination of ipilimumab and nivolumab 2-5. For 

resected stage III melanoma patients, all of the previous mentioned agents are approved as 

monotherapy, with PD-1 inhibition outperforming ipilimumab 6-8. Besides ICI, targeted therapy 

with combined BRAF inhibition and MEK inhibition (BRAF/MEKi) is approved for both the 

treatment of stage IV melanoma and the adjuvant treatment of stage III melanoma 9-12.

Over the past years, we extensively studied dendritic cell (DC) vaccination in both stage III 

and stage IV melanoma patients 13-24. DC vaccination involves the administration of autologous 

DC matured and loaded ex vivo with melanoma-associated antigens. DC vaccination aims to 

eradicate melanoma cells by activating melanoma-specific T-cells in vivo. In stage III patients, 

adjuvant DC vaccination protocols induced functional melanoma-specific T-cell responses in 

71% of patients, compared to 23% in metastatic melanoma patients 13, 14. When retrospectively 

compared to matched historical controls, adjuvant DC vaccination improved overall survival 

(OS) 13. Although clinical response following DC vaccination has been observed in some stage 

IV patients, DC vaccination is considerably less effective in these patients compared to ICI 

and BRAF/MEKi 15, 25. Therefore, in melanoma, we focus on the adjuvant application of DC 

vaccination, with a phase III trial currently ongoing (NCT02993315). 

The high rate of immune induction following adjuvant DC vaccination offers unique possibilities 

for its positioning within the systemic treatment landscape of melanoma. Based on its 

mechanism of action, DC vaccination might potentiate the clinical efficacy of concurrent 

or sequential ICI treatment. The potential synergy between ICI and DC vaccination can be 

explained using the cancer-immunity cycle proposed by Chen and Mellman 26. This cycle 

illustrates the steps cytotoxic T-cells have to complete before cancer cells can successfully 

be eradicated. Failure to complete any of these processes results in the incomplete clearance 
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of malignant cells. DC vaccination aims to improve the activation of naive T-cells, whilst ICI is 

intended to reduce T-cell inhibition. Therefore, both modalities may be complementary as they 

act on different steps of the cancer-immunity cycle 27. 

In this study, we explore the clinical outcome of patients treated with PD-1 inhibition 

monotherapy or ipilimumab-nivolumab following recurrence on adjuvant DC vaccination for 

completely resected stage III disease. In addition, we present updated data on ipilimumab 

monotherapy following recurrence on adjuvant DC vaccination. 

Materials and methods

Patients and treatment
We retrospectively analysed patients treated with ICI (nivolumab, pembrolizumab or ipilimumab 

monotherapy, or ipilimumab-nivolumab) for recurrent disease after receiving DC vaccination 

for the adjuvant treatment of resected stage III cutaneous melanoma. All patients were 

treated with adjuvant DC vaccination between August 2004 and August 2018 in different study 

protocols (supplementary table 1). Briefly, vaccines consisted of autologous monocyte-derived 

or naturally circulating DC loaded with melanoma antigens. Patients were treated with three 

biweekly DC vaccinations (one cycle), with two additional cycles at six-month intervals in the 

absence of recurrent disease. Patients were evaluated every 3-6 months by medical history 

and physical examination. Imaging was performed at the discretion of the physician, except 

in the MIND-DC trial (NCT02993315) in which CT scanning was performed consistently during 

the follow-up visits. All DC vaccination studies were approved by the appropriate ethical review 

boards and written informed consent was obtained from all patients.

After disease recurrence on adjuvant DC vaccination, patients who received ICI as first- or 

second-line treatment for metastatic disease were evaluated for response, progression-free 

survival (PFS) and OS. Patients started ICI between October 2008 and December 2018. Later 

patients were excluded due to short follow-up at the time of analysis (March 2019). Patients were 

analysed according to the type of ICI administered: PD-1 inhibition monotherapy, ipilimumab 

monotherapy or ipilimumab-nivolumab. Ipilimumab monotherapy was administered at a 

dose of 3 mg/kg for four cycles to all patients except one. This patient received ipilimumab 

monotherapy in a compassionate use program at a dose of 10 mg/kg for four cycles followed 

by 10 mg/kg every 12 weeks as maintenance therapy. Patients treated with PD-1 inhibition 

monotherapy received pembrolizumab 2 mg/kg every three weeks, nivolumab 3 mg/kg 

every two weeks or nivolumab 480 mg fixed dose every four weeks. All patients treated with 

ipilimumab-nivolumab received nivolumab at a dose of 1 mg/kg plus ipilimumab at a dose 

of 3 mg/kg every three weeks for four doses, followed by nivolumab at a dose of 3 mg/kg 
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every two weeks. Patients were treated until scheduled therapy end, progressive disease (PD), 

unacceptable toxicity or a treatment pause in the setting of disease response. 

Immunological monitoring
In the DC vaccination trials, immunological response was monitored after each DC vaccination 

cycle except in the MIND-DC trial in which immunological response was determined only 

following the first cycle. Immunological response was tested using delayed-type hypersensitivity 

(DTH) skin tests as described previously 14. Briefly, patients received intradermal injections of 

DC loaded with melanoma antigens. After 48 hours, 6mm punch biopsies were taken from 

the injected skin. In these biopsies, skin-test infiltrating lymphocytes (SKIL) were analysed 

for antigen-specific T-cells using multimeric-MHC complexes containing the relevant 

antigen epitopes. Furthermore, the presence of functional T-cells in the SKIL was assessed 

by measuring the interferon (IFN)-γ production upon stimulation with melanoma-associated 

antigen (supplementary figure 1). Patients with functional T-cells producing IFN-γ and/or 

having antigen-specific T-cells in at least one of the DTH skin tests were considered to have a 

melanoma-specific immunological response.

Response evaluation
Patients underwent radiological evaluations during ICI using CT which were planned every three 

months with the possibility of extended intervals when patients experienced durable stable 

disease, partial (PR) or complete response (CR). Responses were assessed using Response 

Evaluation Criteria in Solid Tumors (RECIST) version 1.1 28. Most patients (86%) were evaluated 

for the presence of cerebral metastases using MRI or CT prior to ICI start. The response rate 

is calculated as the portion of patients experiencing a PR or CR. The disease control rate is 

defined as the portion of patients experiencing stable disease, PR or CR.

Statistical analysis
Survival data was calculated using the Kaplan-Meier method. OS is defined as the time from 

the initiation of ICI until death from any cause. PFS is the time from the first administration of 

ICI until PD. Median follow-up time was calculated with the Kaplan-Meier method, using the 

date of ICI start to the date of last follow-up and censoring for death 29. Correlation between 

immunological outcome during DC vaccination and survival parameters on subsequent ICI 

treatment was determined using a log-rank test. Correlation between immunological outcome 

during DC vaccination and clinical response was assessed using a Fisher’s Exact test. SPSS 

software version 25 (SPSS Inc., Chicago, IL) and GraphPad version 5.03 (GraphPad Software 

Inc., San Diego, CA) were used for statistical analysis.
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Results

Patient and treatment characteristics 
A total of 51 patients received ICI as first- and/or second-line treatment for unresectable stage 

III or stage IV melanoma after recurrence on adjuvant DC vaccination. Median recurrence-free 

survival on adjuvant DC vaccination was 7.9 months. All patients received at least one DC vaccine 

with 47 patients completing at least one cycle of three DC vaccines. As introduced before, 

patients were analysed in three separate treatment groups (PD-1 inhibition monotherapy, 

ipilimumab monotherapy and ipilimumab-nivolumab) (figure 1). Baseline characteristics of the 

patients in each treatment group are shown in table 1.

Figure 1: First- and second-line treatment in metastatic melanoma patients following recurrent 
disease on adjuvant dendritic cell vaccination. 
First- and second line treatment is shown for the patients in the three different treatment groups. Three 
patients received first-line PD-1 inhibition monotherapy followed by second-line ipilimumab monotherapy, 
another three patients were treated with first-line ipilimumab monotherapy after which they received 
second-line PD-1 inhibition monotherapy. These six patients were analysed in both the PD-1 inhibition 
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monotherapy group (red) and the ipilimumab monotherapy group (blue). Therefore, the three treatment 
groups combined consisted of 57 analysed patients. Abbreviations: ICI, immune checkpoint inhibition; ipi, 
ipilimumab; ipi-nivo, combined treatment with ipilimumab and nivolumab; mono, monotherapy.

Table 1: Patient baseline characteristics at the start of immune checkpoint inhibition.

PD-1 inhibition 
monotherapy after 
DC vaccination 
(n=29)

Ipilimumab 
monotherapy after 
DC vaccination 
(n=20)

Ipilimumab-
nivolumab after 
DC vaccination 
(n=8)

Age

    Mean (range) 55 (37-74) 53 (24-69) 60 (43-78)

Sex

    Male 17 (59%) 17 (85%) 8 (100%)

    Female 12 (41%) 3 (15%) 0

Number of completed cycles of DC 
vaccination

    0 (1 or 2 vaccines) 2 (7%) 0 2 (25%)

    1 14 (48%) 3 (15%) 4 (50%)

    2 6 (21%) 6 (30%) 1 (13%)

    3 7 (24%) 11 (55%) 1 (13%)

Stage (AJCC 7th ed.) at start of ICI

    Unresectable stage III 5 (17%) 0 0

    M1a 5 (17%) 3 (15%) 1 (13%)

    M1b 8 (28%) 5 (25%) 0

    M1c 11 (38%) 12 (60%) 7 (88%)

BRAF mutation

    V600 mutation 16 (55%) 10 (50%) 6 (75%)

    No V600 mutation 13 (45%) 5 (25%) 2 (25%)

    unknown 0 5 (25%) 0

Lactate dehydrogenase

    ≤ULN 26 (90%) 16 (80%) 3 (38%)

    >ULN 3 (10%) 4 (20%) 5 (63%) 

Cerebral metastases

    Yes 0 4 (20%) 2 (25%)

    No 24 (83%) 14 (70%) 6 (75%)

    Unknown 5 (17%) 2 (10%) 0

Local treatment for cerebral metastases*

    No treatment N/A 0 1 (50%)

    Surgery N/A 1 (25%) 0

    Radiotherapy N/A 3 (75%) 1 (50%)
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Line of treatment

    First 24 (83%) 10 (50%) 6 (75%)

    Second 5 (17%) 10 (50%) 2 (25%)

Prior systemic treatment

    None 24 (83%) 10 (50%) 6 (75%)

    Dacarbazine 0 3 (15%) 0

    PD-1 inhibition monotherapy N/A 3 (15%) 0

    BRAF/MEKi 2 (7%) 0 2 (25%)

    BRAFi monotherapy 0 4 (20%) 0

    Ipilimumab monotherapy 3 (10%) N/A 0

* percentage of patients having cerebral metastases. 

Abbreviations: AJCC, American Joint Committee on Cancer; BRAF/MEKi, BRAF/MEK inhibition; BRAFi, 
BRAF inhibition; DC, dendritic cell; ICI, immune checkpoint inhibition; N/A, not applicable; ULN, upper 
limit of normal.

Clinical efficacy of ICI following recurrence on adjuvant DC vaccination
Median follow-up time, from the first administration of ICI, was 10 months for patients treated 

with PD-1 inhibition monotherapy, 66 months for patients treated with ipilimumab monotherapy 

and 13 months for patients to whom ipilimumab-nivolumab was given. 

Response rates following ICI are shown in table 2. The response rate in patients treated with 

first- or second-line PD-1 inhibition monotherapy was 52%. In the ipilimumab-nivolumab 

group, the highest response rate (75%) was observed following first- or second-line treatment. 

In patients treated with first- or second-line ipilimumab monotherapy, the lowest response 

rate was seen, 35%. 

Table 1: Continued
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Table 2: Clinical efficacy of immune checkpoint inhibition following dendritic cell vaccination.

PD-1 inhibition 
monotherapy after 
DC vaccination 
(n=29)

Ipilimumab 
monotherapy after 
DC vaccination 
(n=20)

Ipilimumab- 
nivolumab after 
DC vaccination 
(n=8)

Response rate 15 (52%) 7 (35%) 6 (75%)

Disease control rate 21 (72%) 10 (50%) 6 (75%)

Best response on ICI

    Complete response 7 (24%) 4 (20%) 2 (25%)

    Partial response 8 (28%) 3 (15%) 4 (50%)

    Stable disease 6 (21%) 3 (15%) 0

    Progressive disease 8 (28%) 10 (50%) 2 (25%)

Median progression-free survival (months) 13.1 3.9 5.6

Median overall survival (months) 32.5 30.0 NR

Systemic treatment after progressive 
disease on ICI*

    No treatment for progressive disease 7 (41%) 4 (29%) 2 (50%)

    Dacarbazine 0 1 (7%) 0

    BRAF/MEKi 5 (29%) 1 (7%) 2 (50%)

    BRAFi monotherapy 0 3 (21%) 0

     (Re-introduction) Ipilimumab 
monotherapy 

4 (24%) 0 0

     (Re-introduction) PD-1 inhibition 
monotherapy 

2 (12%) 7 (50%) 0

    Ipilimumab-nivolumab 1 (6%) 1 (7%) 0

    Treatment in a clinical trial 0 3 (21%) 0

*percentage of the number of patients with progressive disease, patients may have been treated with 
multiple agents after progressive disease on immune checkpoint inhibition. 

Abbreviations: BRAF/MEKi, BRAF/MEK inhibition; BRAFi, BRAF inhibitor; DC, dendritic cell; ICI, immune 
checkpoint inhibition; NR, not reached. 

Kaplan-Meier curves depicting PFS and OS of patients receiving first- or second-line ICI in 

different treatment groups are shown in figure 2. There were no significant differences found in 

PFS and OS between first- and second-line PD-1 inhibition monotherapy or first- and second-

line ipilimumab monotherapy (data not shown). First- and second-line ipilimumab-nivolumab 

were not analysed separately as only two patients received second-line ipilimumab-nivolumab. 
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Figure 2: Progression-free and overall survival of patients treated with immune checkpoint inhibition 
following recurrence on adjuvant dendritic cell vaccination. 
Kaplan-Meier curves showing the progression-free and overall survival following PD-1 inhibition 
monotherapy (panels A, B); ipilimumab monotherapy (panels C, D) and ipilimumab-nivolumab (panels E, 
F) after recurrence on adjuvant DC vaccination. Survival data of first- and second-line therapy combined is 
shown in these panels. Abbreviation: mono, monotherapy. 
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PFS rates after one and two years were 53% and 34% for patients treated with PD-1 inhibition 

monotherapy, respectively. After one year, 37% of the patients treated with ipilimumab 

monotherapy were free of progression. The 2- and 5-year PFS rates following ipilimumab 

monotherapy were 37% and 31%, respectively. 

Following PD-1 inhibition monotherapy, 93% of patients were alive after one year, after two 

years this was 66%. One, 2- and 5-year OS rates for ipilimumab monotherapy were 73%, 50% 

and 39%, respectively. For patients treated with ipilimumab-nivolumab, 1-year PFS and OS 

rates were 50% and 66%, respectively, but follow-up in this treatment group is limited.

Immunological response on DC vaccination and the subsequent clinical efficacy of 
ICI 
No correlation between the presence of a melanoma-specific immunological response after 

DC vaccination and PFS or OS after ICI treatment was found in any of the treatment groups 

(data not shown). Neither was a melanoma-specific immunological response during DC 

vaccination more prevalent in ICI-responding patients compared to patients not responding to 

ICI (supplementary figures 1 and 2).

Discussion

ICI following recurrence on adjuvant DC vaccination led to clinical benefit in a considerable 

portion of metastatic melanoma patients. Clinical response was observed in 52% of the 

patients treated with first- or second-line PD-1 inhibition monotherapy. In the ipilimumab 

monotherapy and the ipilimumab-nivolumab groups, 35% and 75% of patients responded to 

treatment, respectively. 

Of the patients treated with PD-1 inhibition monotherapy, the majority had no cerebral 

metastases and a normal lactate dehydrogenase (LDH), both positive predictors for response 

and survival 30, 31. This patient selection resulted from treatment guidelines in the institutions 

were patients received ICI. According to these guidelines, patients lacking an elevated LDH, 

cerebral metastases, high tumour load and rapid disease progression should preferably be 

treated with PD-1 inhibition monotherapy instead of ipilimumab-nivolumab. When taking 

the favourable characteristics in account, the response rate of 52% of the PD-1 inhibition 

monotherapy cohort is similar to the 51% response rate reported in comparable patients 

(i.e. patients with a normal LDH and no active cerebral metastases) following nivolumab 

monotherapy 31. 
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The observed response rate of 35% in patients treated with ipilimumab monotherapy is 

higher than the response rates of 11-19% reported of ipilimumab monotherapy in melanoma 

patients without prior DC vaccination 32-34. However, comparison between our cohort and the 

published data is complicated by differences in patient characteristics. In the published trials, 

the presence of active cerebral metastases was an exclusion criteria (with 5-11% of patients 

having treated cerebral metastases). In our cohort, 20% of patients had cerebral metastases 

of which 75% were treated. The portion of patients having an elevated LDH was slightly lower 

in our cohort (20%), compared to 33-39% in published trials. Lastly, in our cohort, a portion 

of patients received prior PD-1 inhibition monotherapy (15%) or BRAF inhibition (20%). In 

the landmark studies, a minority (0-20%) of patients received prior targeted therapy with no 

patients receiving PD-1 inhibition monotherapy before ipilimumab monotherapy. As responses 

to ipilimumab monotherapy after progressive disease on PD-1 inhibition monotherapy are 

reported to be similar to first-line ipilimumab monotherapy, we regard the influence of prior 

PD-1 inhibition monotherapy on response rates to be limited 35. 

All patients in our ipilimumab-nivolumab cohort had an elevated LDH, cerebral metastases and/

or rapid disease progression before the start of ICI. Despite these unfavourable characteristics, 

our ipilimumab-nivolumab cohort showed a response rate of 75% which is higher than the 

58% response rate described in literature 34. However, our results may be biased as our small 

cohort is prone to sampling errors, complicating extrapolation to larger numbers of patients. 

The present study has some limitations. First, data obtained from literature may represent 

a slightly different patient population with regard to prognosis, impeding a fair comparison 

with our cohort. Second, OS in this study may have been confounded as a portion of patients 

received other treatment lines besides first- or second-line ICI. However, response rates are 

influenced little by prior treatment lines and not at all by subsequent treatment lines.

No correlation between the presence of a melanoma-specific immunological response after 

DC vaccination and clinical response or survival on subsequent ICI treatment was found. This 

is unsupportive of the concept that DC vaccination activates the immune system resulting in 

improved clinical outcome on subsequent ICI. The absence of such a correlation may have 

several reasons. First, all patients analysed in this study were refractory to DC vaccination. 

Therefore, although melanoma-specific T cells could be detected after DC vaccination, the 

T cells might not have been susceptible for stimulation with ICI. Second, the response to the 

chosen target (melanoma-associated antigens) might be too weak to translate into clinical 

effect (possibly in contrast to neo-antigens). Third, it may be that our method of immunological 

monitoring does not capture the complete spectrum of immune induction following DC 

vaccination. Finally, our immunomonitoring method only conveys a snapshot of the T-cell 
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status at the moment of testing, and may therefore not be representative of the T-cell status 

at the time of ICI. 

Still, sequential DC vaccination potentially has synergy with ICI. Recent work by Linette et al. 

strengthens this idea as it implicates immunological ignorance of clonal neoantigens as the 

basis for ineffective T-cell immunity and suggested to employ DC vaccination as an adjunct 

to ICI 36. Our group has previously demonstrated that treatment with ipilimumab following 

recurrence on DC vaccination might result in improved clinical efficacy of ipilimumab 37. 

Furthermore, concurrent administration of DC vaccination and ipilimumab has been tested in 

two clinical studies, showing the suggestion of synergy with little added toxicity 38, 39. Studies 

investigating whether DC vaccination potentiates PD-1 inhibition in the treatment of metastatic 

melanoma are currently ongoing.

This study shows that sequential ICI treatment following recurrence on adjuvant DC vaccination 

remains at least as effective as ICI treatment without prior adjuvant DC vaccination. This is 

important as it is currently unclear how to treat patients when recurrence occurs during, or 

shortly after, adjuvant treatment with either BRAF/MEKi or ICI. Unless a long treatment-free 

interval is present, re-introducing the same drug to treat recurrent disease arising during 

adjuvant therapy will most likely not be beneficial. Although vaccination is currently not an 

approved agent for the adjuvant treatment of stage III melanoma, it may prove to be effective 

in the currently ongoing phase III trial (NCT02993315). This possibly creates the opportunity to 

treat patients with DC vaccination in the adjuvant setting and leave ICI as a treatment option in 

case of recurrence. 

In conclusion, ICI remains a viable treatment option for melanoma patients in case of recurrence 

on adjuvant DC vaccination. This adds to the notion that DC vaccination as an adjunct to ICI 

(either sequentially or concurrently) may have a role within the future treatment landscape of 

melanoma. Evidently, the therapeutic efficacy of adjuvant DC vaccination has to be proven, a 

phase III trial to that end is currently ongoing.
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Supplementary material

Supplementary figure 1: Melanoma-specific immune responses following dendritic cell (DC) 
vaccination. 
Immunological data is shown from an exemplary immunological responding patient (panels A and B; 
patient 1) and a non-responding patient (panels C and D; patient 2). Panels A and C show dextramer-
staining of CD8+ skin test-infiltrating lymphocytes (SKIL), stained with dextramers encompassing the HLA-
A1-binding epitope of MAGE-A3 (patient 1; panel A) or the HLA-A2-binding epitope of MAGE-C2 (patient 2; 
panel C). The percentage in the upper right quadrant represents the percentage of CD8+ dextramer+ cells. 
In panels B and D, interferon (IFN)-γ production of SKIL upon co-culturing with PBMC loaded with HLA-
binding peptides or longer overlapping peptides of the respective antigens are shown. In patient 1, a clear 
subpopulation of MAGE-A3-specific CD8+ T cells was detected (panel A). SKIL from this patient produced 
significant amounts of IFN-γ upon co-culture with PBMC loaded with long overlapping peptides originating 
from MAGE-A3 and NY-ESO (panel B), indicating that a melanoma-specific immunological response was 
present after DC vaccination. This patient had a partial response on nivolumab following recurrence on 
DC vaccination. In patient 2, neither dextramer+ T cells (panel C), nor IFN-γ production (panel D) could be 
detected in SKIL. Patient 2 had progressive disease as best response on nivolumab following progression 
on DC vaccination. Abbreviations: IFN, interferon; LP, longer overlapping peptides.
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Supplementary figure 2: Melanoma-specific immunological responses following dendritic cell 
vaccination and subsequent response on immune checkpoint inhibition. 
The percentage of patients with a melanoma-specific immunological response per clinical response 
group after treatment with immune checkpoint inhibition following recurrence on adjuvant dendritic cell 
vaccination is shown. Six patients were not included as the melanoma-specific immunological response 
could not be assessed. Clinical responders were defined as patients having partial or complete response 
and non-responders as patients having stable disease or progressive disease as best response. The 
number of tested patients per clinical response group is depicted by n. No significant difference could 
be found in the frequency of melanoma-specific immunological response between the responding and 
non-responding patients. Abbreviations: CR, complete response; ICI, immune checkpoint inhibition PD, 
progressive disease; PR, partial response; SD, stable disease. 
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Supplementary table 1: Dendritic cell study protocols in which patients reported in this study were 
included. 

National 
clinical trial 
identifier

Publication Study 
initiation

Type 
of DC 
utilized

Antigen Method of antigen 
loading

NCT00243594 Aarntzen40 Sep 1999 moDC Gp100, tyrosinase Peptide pulsing

NCT00243529 Aarntzen20 Apr 2004 moDC Gp100, tyrosinase mRNA electroporation/ 
peptide pulsing

NCT01530698 Bol24 Jun 2009 moDC Gp100, tyrosinase mRNA electroporation

NCT00940004 Bol24 Sep 2009 moDC Gp100, tyrosinase mRNA electroporation

NCT02285413 submitted Feb 2011 moDC Gp100, tyrosinase mRNA electroporation

NCT02574377 in preparation Sep 2015 nDC Gp100, tyrosinase, 
MAGE-A3, 
MAGE-C2, NY-
ESO-1

Peptide pulsing

NCT02993315 trial ongoing Oct 2016 nDC Gp100, tyrosinase, 
MAGE-A3, 
MAGE-C2, NY-
ESO-1

Peptide pulsing

Abbreviations: DC, dendritic cell; moDC, monocyte-derived dendritic cells; nDC, naturally circulating 
dendritic cells; mRNA, messenger RNA. 
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Introduction

Although the prognosis of patients with metastatic cutaneous melanoma (CM) has improved 

considerably since the introduction of immune checkpoint inhibition (ICI), response following 

ICI is still lacking in a significant portion of patients. To improve the efficacy of ICI multiple 

strategies are considered, including combined administration with other (immuno-)

therapeutics. A prime candidate for such a combination with ICI may be dendritic cell (DC) 

vaccination. This idea is based on the premise that DC vaccination is able to induce effector 

T-cells (at the cost of very little toxicity) while ICI has the potential to unleash these T-cells, 

hypothetically resulting in a synergistic effect between the two modalities. Publications by 

Ribas et al. in 2009 and Wilgenhof et al. in 2016 have shown that the combination of ICI (in the 

form of ipilimumab) and DC vaccination may indeed result in improved clinical efficacy in CM 

without much added toxicity. Results of clinical trials involving the concomitant administration 

of PD-1 inhibition and DC vaccination for the treatment of metastatic CM have, as of yet, not 

been published. In this chapter, the synopsis of a clinical protocol designed to investigate the 

concomitant administration of nivolumab (a PD-1 inhibitor) and DC vaccination in metastatic 

CM is presented.

Protocol title

Combining natural circulating dendritic cell vaccination and nivolumab in unresectable stage 

III or stage IV melanoma patients, a phase II study.

Investigational products 

• Nivolumab 480mg every 4 weeks for two years. 

• Autologous, naturally circulating dendritic cells (nDC) loaded with melanoma-associated 

antigens administered intranodally. nDC vaccination is administered in 3 cycles consisting 

of 3 biweekly vaccinations, each cycle is given once every 6 months. 

Research hypothesis

nDC vaccination in combination with nivolumab will improve the best overall response rate 

(BORR) after 6 months in patients with unresectable stage III or stage IV melanoma (from 

now on: metastatic melanoma). The results of this phase II study will be compared to data 

originating from landmark studies investigating nivolumab monotherapy.
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Objectives

Primary objective: 
• To determine the activity in terms of BORR after 6 months of nivolumab given in combination 

with nDC vaccination to previously untreated patients with metastatic melanoma.

Secondary objectives: 
• To describe the toxicity of nivolumab in combination with nDC vaccination.

• To describe the time to disease progression of patients treated with nivolumab in 

combination with nDC vaccination.

• To describe the time to death of patients treated with nivolumab in combination with nDC 

vaccination.

• To monitor the induction of an anti-tumour immune response by the combination of 

nivolumab and nDC vaccination. 

Study design

This is a phase II, single arm trial assessing the clinical value of combining nivolumab and 

nDC vaccination in the treatment of metastatic melanoma. Patients must not have received 

prior systemic therapy for the treatment of metastatic melanoma with the exception of prior 

(neo)adjuvant treatment. Patients with progressive disease on adjuvant anti-PD-1 therapy are 

not allowed to enrol. All patients will be treated with nDC vaccination in combination with 

nivolumab. 

This study consists of two stages (Figure 1). In the first stage, 12 patients will be included to 

allow for a preliminary efficacy analysis. Non-evaluable patients will be replaced. When 6 or 

less out of the first 12 evaluable patients experience a partial (PR) or complete response (CR) 

within 6 months following the initiation of therapy, further enrolment will be ceased as the 

primary endpoint will unlikely be met. When 7 (or more) out of the first 12 evaluable patients 

reach a CR or PR within 6 months following nivolumab initiation an additional 23 evaluable 

patients will be accrued. 
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Figure 1: schematic overview of the two-stage Simon design employed in this study to assess the 
value of nDC vaccination added to nivolumab treatment in patients with metastatic melanoma. 

Abbreviations: CR: complete response; PR partial response. 

At final analysis, the primary endpoint is met when 22 or more of 35 evaluable patients have a 

PR or CR as best response in the first 6 months. When 21 or less patients have a response, this 

trial did not meet its primary endpoint. 

Since the toxicity profile of nivolumab is well known and nDC vaccination leads to only mild 

toxicity, we expect limited additional toxicity of nDC vaccination added to nivolumab. Therefore, 

a formal phase I study is not performed prior to this study, nor is it part of this trial. Toxicity of the 

combination will be closely monitored during this study and further accrual and administration 

of study drugs will be terminated when treatment-related grade 3 or 4 toxicity surpasses a 

Pocock-type boundary.

Key eligibility criteria

• Participants must be at least 18 years of age.

• Unresectable stage III or stage IV cutaneous melanoma (as per AJCC 8th edition) with an 

indication (at the discretion of the treating physician) for treatment with PD-1 inhibition 

monotherapy. 

 - Patients with unknown primary melanoma are allowed in this trial. 

 -  Patients with mucosal or ocular (conjunctival or uveal) melanoma are excluded 

from participation in this trial. 

• Patients must have at least one radiological measurable lesion as defined by RECIST 1.1 

on CT or MRI within 28 days prior to first nivolumab administration. 

 - Patients with clinically measurable lesions according to RECIST 1.1 are also allowed. 

• No prior systemic treatment for unresectable stage III or stage IV melanoma with the 

exception of prior adjuvant or neoadjuvant therapy which is permitted in the setting of 
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completely resected melanoma. (Neo)adjuvant therapy for melanoma should be completed 

at least 6 months prior to the start of study and all related adverse events (AE)s should 

have either returned to baseline or have been stabilized. 

 - A history of treatment with DC vaccination is not allowed.

 - Patients with recurrent disease while on adjuvant PD-1 inhibition are excluded. 

 -  Prior or ongoing radiotherapy and surgery not involving target lesions on baseline 

CT is allowed (see section 5.4).

• No patients with symptomatic or asymptomatic brain or leptomeningeal metastases 

regardless of whether these brain or leptomeningeal metastases are treated. 

• Normal LDH.

• No prior malignancy active within the previous 5 years except for melanoma and locally 

curable cancers that have been adequately treated, such as (but not limited to) basal 

or squamous cell skin cancer, superficial bladder cancer, or carcinoma in situ of the 

prostate, cervix or breast.

• No patients with active, known or suspected autoimmune disease. Patients with vitiligo, 

type I diabetes mellitus, residual hypothyroidism due to autoimmune condition only 

requiring hormone replacement, psoriasis not requiring systemic treatment, or conditions 

not expected to recur in the absence of an external trigger are permitted to enroll. 

• No concomitant use of immunosuppressive drugs orally or intravenously. Except for the 

situations stated in section 5.4.1. Topical and intranasal steroids are permitted. 

• No known or suspected uncontrolled infectious disease. Patients should at least have 

negative testing for the human immunodeficiency virus, Hepatitis B virus, Hepatitis C virus 

and syphilis within 28 days prior to first nivolumab administration. 

• No pregnant or lactating women. 

• No history of allergy to study drug components.

 -  Patients with a known allergy to shell fish are only allowed to be included after an 

allergist has been consulted to rule out a possible hypersensitivity to KLH (a control 

protein used in DC vaccination). 

Study assessments

BORR after 6 months is the primary endpoint of this study. Patients will be assessed for response 

by CT regularly, the scan intervals will be extended with study time. The ORR is defined as the 

portion of patients achieving a CR or PR as defined by RECIST 1.1. During the study, delayed-

type hypersensitivity (DTH) testing will be performed and subsequent biopsies will be taken 

from these sites for monitoring T-cell response. Blood samples for immunomonitoring will be 

taken throughout the study. Fresh tumor biopsies can be taken (non-mandatory). 
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Statistical considerations

The sample size is calculated to assess the primary endpoint of 6-month BORR in comparison 

to the known efficacy of nivolumab in a historical population comparable to our population. 

In a population of 316 patients comparable to the population in this study (e.g. metastatic 

melanoma patients without active brain metastasis and a lactate dehydrogenase (LDH) < upper 

limit of normal (ULN)), the approximate BORR is 51%. For this study, when the combination 

achieves a BORR of 70% within 6 months, the addition of nDC vaccination to nivolumab is 

regarded to possibly result in relevant clinical benefit for patients. The significance level (i.e., 

the probability of rejecting H0 when it is true) is 0.1 and the power (i.e., 1-beta, the probability 

of deciding the regimen is active) is 0.80 when true response rate is 70%. 

Twelve response evaluable patients will be included in the first stage of the Simon two-stage 

design. Using BORR hypotheses of H0 < 51% and H1> 70%, we would regard the addition of 

nDC to nivolumab as not clinically beneficial when at the end of the first stage less than 7 

responses (CR or PR) after 6 months were seen. In that case, accrual is ceased. Otherwise, 

an additional 23 patients will be accrued. We regard the combination as potentially beneficial 

(as compared to nivolumab monotherapy) if 22 or more objective responses are observed from 

total of 35 patients accrued.
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Introduction

Melanoma is a cancer derived from malignantly transformed melanocytes and can be 

subdivided in multiple subtypes depending on the site of origin. This thesis focusses on 

cutaneous melanoma (CM) and uveal melanoma (UM) which, despite both being forms of 

melanoma, are radically different diseases 1. Although both malignancies are chemoresistant, 

one of the most striking differences is in their response to immune checkpoint inhibition (ICI) 

and targeted therapy (TT).

Systemic treatment of cutaneous melanoma
Currently, systemic treatment for metastatic CM mainly consists of ICI that counteracts the 

function of CTLA-4 or PD-1 (either as monotherapy or in combination) and of TT in which 

inhibitors of the BRAF and MEK proteins are combined (BRAF-MEKi) 2. BRAF-MEKi is only 

applicable in the case of an activating BRAF mutation which is present in approximately 50% 

of CM patients 2, 3. In the last decade, since ICI and TT took the centre stage in the treatment 

of metastatic CM (figure 1), median overall survival (OS) has improved from 6-9 months to 

approximately 2 years with a very long durable response in a minority of patients 4-6. 

In more recent clinical trials, ICI and BRAF-MEKi have also shown efficacy as adjuvant treatment 

of locoregional advanced CM. The need for such adjuvant treatment in locoregional advanced 

CM is illustrated by its 5-year melanoma-specific survival which, even after the complete 

resection of all macroscopic disease, ranges from 93% (stage IIIA) to a mere 32% (stage IIID), 

implicating high recurrence rates 7. Currently, adjuvant therapy in CM is primarily defined by 

nivolumab or pembrolizumab (both PD-1 inhibitors) mainly due to their relatively favourable 

toxicity profile. Adjuvant nivolumab and pembrolizumab have shown to improve recurrence-

free survival (RFS) and have been FDA- and EMA-approved while OS data are pending 8, 9. For 

patients having BRAF-mutated CM, dabrafenib-trametinib (a form of BRAF-MEKi) represents 

an additional adjuvant treatment option as it has shown to improve both OS and RFS 10. The 

introduction of PD-1 inhibition and BRAF-MEKi as adjuvant treatment options made adjuvant 

ipilimumab (CTLA-4 inhibition) largely obsolete as it is associated with significant toxicity 11.
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Figure 1: The evolving therapeutic landscape of cutaneous melanoma.
In the last decade, several forms of immune checkpoint inhibition (top) and targeted therapy (bottom) have 
been FDA-approved for treatment of cutaneous melanoma in both the adjuvant and metastatic setting.

Despite considerable progress, challenges in the systemic treatment of CM remain. To begin 

with, although the 5-year OS rate following combined treatment with ipilimumab and nivolumab 

(ipilimumab-nivolumab) was recently reported to be as high as 52%, durable response is still 

not obtained in a large portion of metastatic CM patients 6. In addition, treatment with ICI 

and BRAF-MEKi can come at the cost of severe toxicity. Grade 3 or 4 toxicity rates observed 

following treatment with these modalities range from 10-16% of patients after PD-1 inhibition 

to 50-60% of patients treated with ipilimumab-nivolumab or one of the different forms of BRAF-

MEKi 12-19. Such treatment-related toxicity is especially important in the adjuvant setting as 

there is currently no reliable method to identify the patients who will have recurrence of their 

melanoma. Therefore, the substantial portion of patients that would have remained free of 

disease even without adjuvant treatment are currently exposed to the toxicity of such adjuvant 

treatment without having any potential benefit.

The application of dendritic cell (DC) vaccination has been explored in the treatment of CM. This 

approach relies on DCs, which are recognized as pivotal orchestrators of the immune system, 

to induce an anti-tumour immune response. To achieve this, (precursors of) DCs are matured 

ex vivo and loaded with cancer-specific antigens before being administered back to patients 20, 

21. In the last decade, our group has initiated multiple DC vaccination trials and has extensively 

studied DC vaccination for the treatment of CM 22-33. A common denominator in these trials 

was the limited toxicity associated with DC vaccination, when given as monotherapy, with 

primarily short-lived grade 1 or 2 adverse events such as self-limiting flu-like symptoms and 

local injection site reactions. Such a mild toxicity profile indicates that the application of DC 

vaccination as an adjuvant treatment may reduce the number of adverse events in this setting. 

In addition, considering DC vaccination aims to improve the activation of naive T-cells whilst 

ICI is intended to reduce T-cell inhibition, the concomitant or subsequent administration of DC 

vaccination and ICI may yield synergistic treatment effects. 
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Systemic treatment of uveal melanoma
In sharp contrast to their success in CM, the efficacy of ICI and TT in metastatic UM is very limited 
34-44. CTLA-4 or PD-(L)1 inhibition as monotherapy have reported response rates below 10% 37, 39, 

45. Although ipilimumab-nivolumab has shown better response rates (up to 21%), these response 

rates are still well below the response rates of 58% seen in metastatic CM 13, 40, 42-44.

TT for the treatment of metastatic UM has also shown disappointing efficacy despite that UM 

cells harbour a multitude of proteins that may be potential targets 46. Of these, considering 

they are upstream oncogenic drivers in approximately 90% of UM patients, GNAQ and GNA11 

mutations are in theory ideal for intervention by TT 47, 48. Unfortunately,  GNAQ and GNA11 are 

currently undruggable although therapeutics such as small molecule inhibitors and specific 

short interfering RNA delivered by viral vectors or gold particles are being explored in pre-

clinical research 49-52. Another option is targeting proteins downstream of GNAQ/GNA11. In 

the past, several inhibitors for such proteins have been tested in clinical trials but none have 

shown a significant impact on survival so far 53. Particularly disappointing was a relatively 

recent prospective phase III study which found that selumetinib, a MEK inhibitor, combined with 

dacarbazine did not result in an improved progression-free survival (PFS) over dacarbazine and 

placebo despite promising results in a phase II trial 34, 54.

Because of the limited efficacy of ICI and TT, the prognosis of metastatic UM patients has 

remained a dismal 6-12 months without improvement for decades, indicating an urgent clinical 

need for effective systemic treatment in UM 55-58.

The aim of this thesis

In this thesis, we sought to improve the immunotherapeutic management of both CM and UM. 

To this end, we studied the lymphocytic infiltration in UM in an attempt to gain a more profound 

understanding of UM’s immunobiology in order to define targets for therapeutic intervention. 

In addition, through the work presented in this thesis, we aimed to improve the management 

of locoregional advanced and metastatic CM, with a particular focus on the role of (adjuvant) 

DC vaccination herein. 
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Lymphocytic infiltration in uveal melanoma

As is the case with other rare cancers, UM’s low incidence results in difficulties such as slow 

accrual in clinical trials and a paucity in tumour material available for in depth characterization. 

Despite several initiatives that aim to stimulate cooperation between scientists, such as the 

UM cure project 2020, studying UM is severely complicated by the orphan status of this disease.

 

Notwithstanding, we were able to collect a relatively large number of primary and metastatic 

UM lesions originating from multiple institutions throughout the Netherlands. As described 

in chapter 2, we determined and quantified the presence of cytotoxic T-cells, helper 

T-cells, regulatory T-cells (Tregs) and B-cells in these samples by employing multiplex 

immunohistochemistry (mIHC) (figure 2). In both the primary and metastatic UM lesions, 

cytotoxic and helper T-cells were found to be the predominant subsets. In addition, Tregs and 

B-cells were also identified, although to a lesser extent than cytotoxic and helper T-cells. 

Finally, no strong correlations in tumour-infiltrating lymphocyte (TIL) density were found 

between paired primary and metastatic UM lesions. An association between TIL densities in 

primary UM and RFS and OS was not found either. 

A B

Figure 2: Tumour-infiltrating lymphocytes in uveal melanoma. 
Multiplex immunohistochemistry images showing lymphocytic infiltration in uveal melanoma (UM). In both 
primary (panel A) and metastatic UM lesions (panel B), cytotoxic (panel A+B; cyan) and helper T-cells 
(panel A+B; red) were most commonly found. In addition, regulatory T-cells (panel A; red cells with a green 
core) were also identified while some lesions contained numerous B-cells (panel B; magenta). 

Translational research such as presented in chapter 2 is important as it may identify new targets 

for therapeutic intervention and discover new prognostic and predictive biomarkers. To start 

with the latter, biomarkers have the potential to select subpopulations of UM patients that stand 

to benefit from particular forms of therapy. For example, while UM is generally characterized 

by a low tumour mutational burden (TMB) 59, a recent study has shown that some UM patients 

harbour tumours with a higher TMB 60, 61. As in various malignancies a higher TMB is associated 
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with an improved response to ICI 62, these patients may be preferred candidates for treatment 

with ipilimumab-nivolumab which is suggested to be more efficacious than either agent alone 
42, 44. Besides TMB, the expression profiles of various immune checkpoints have potential as 

predictive biomarkers in UM. As will be discussed below, these immune checkpoints do not 

necessarily have to be PD-L1 which has clinical implications in malignancies such as non-

small lung cancer and urothelial cancer 63, 64. Potential biomarkers may also be hidden within 

the genetic information of UM cells. For instance, similarly to the activating BRAF mutations 

in CM, the presence of certain genetic aberrations may indicate sensitivity to treatment with 

specific forms of TT 2. In our study, predominantly performed with tumour material originating 

from high-risk patients (as defined by the presence of monosomy 3 and/or a BAP1 mutation), 

we investigated TILs as prognostic biomarkers. Earlier reports of the prognostic value of total 

lymphocytic infiltration were not confirmed 65. Neither did we find an association between CD8+ 

T cell infiltrates and OS. In addition, correlations in lymphocyte density between paired primary 

and metastatic UM lesions were not found. This indicates that lymphocytic infiltration in UM is 

of a dynamic nature, instead of being a fixed parameter. Overall, our results show that (earlier 

proposed) prognostic and predictive biomarkers in UM should be applied with caution and that 

their value should be firmly established prior to any clinical application. 

Our findings also have possible implications for the treatment of metastatic UM. Considering 

ICI relies on disinhibiting a pre-existing anti-tumour T-cell response, the identification of 

cytotoxic T-cells in UM is particularly interesting and potentially indicates UM’s susceptibility 

to immunotherapy 66. However, the disappointing results of contemporary forms of ICI in 

metastatic UM show that cytotoxic T-cells activity may need to be stimulated by other means 

than CTLA-4 and/or PD-(L)1 inhibition. For example, as UM cells express ligands for immune 

checkpoint molecules such as TIM-3, LAG-3 and TIGIT and immunosuppressive enzymes like 

IDO, IDO-inhibition and ICI targeting other checkpoints than PD-(L)1 and CTLA-4 may have 

merit in metastatic UM 60, 67-70. LAG-3 inhibition (relatlimab) in combination with nivolumab has 

already shown promising efficacy and favourable toxicity in CM patients having progressive 

disease on or after prior PD-(L)1 inhibition 71. A subsequent randomized phase II/III trial testing 

relatlimab in combination with nivolumab as first-line treatment in metastatic CM is currently 

ongoing (NCT03470922). In addition to LAG-3 inhibition, inhibitors of TIM-3 and TIGIT are also 

in (early) clinical development in a variety of cancers (e.g. NCT02817633 and NCT02913313). 

Besides relieving T-cell inhibition using ICI, the prognosis of metastatic UM patients may also 

be improved by strategies that promote the accumulation of cancer-specific cytotoxic T cells 

within tumours 72. Among others, this can be achieved by approaches that cause DNA damage 

and increase TMB, or through TIL-therapy which has shown promising results in metastatic UM 
73-77. Particularly interesting is Tebentafusp, a T-cell redirection therapy based on a bispecific 

molecule containing a T-cell receptor domain binding to the gp100 antigen present on UM cells 

and an anti-CD3 domain recruiting T-cells to lyse the target cells 78, 79. Tebentafusp received 
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a FDA fast track designation after showing a promising 1-year OS rate of 74% in pre-treated 

metastatic UM patients 80, 81. A randomised trial is currently ongoing (NCT03070392).

While treatment strategies based on the cytotoxicity of T-cells may be promising, our results 

indicate that other TILs present in the TME of UM should not be neglected. For example, we 

and others have shown that UM harbours Tregs which are regarded immunosuppressive and 

associated with poor prognosis in various other forms of cancer 82-85. Therefore, although the 

detrimental influence of Tregs is not proven in UM and specifically targeting them is currently 

not feasible, inhibiting the function of these cells potentially reduces immune suppression in UM 

and may represent an interesting therapeutic option 82-85. Additionally, our research identified 

B-cells to a degree that may suggest they are more prevalent in UM than previously thought 67, 

86-88. In recent years the role of B-cells in orchestrating and sustaining inflammation in cancer 

is increasingly being recognized 89. Recently, three studies independently demonstrated that 

their presence in tertiary lymphoid structures (which are ectopic lymphoid organs present 

in tumours) is associated with an improved response to immunotherapy in several forms of 

cancer, including CM 90-92. Therefore, our results suggest that B-cells may also have a role in 

anti-tumour immunity in UM which makes them worth of further investigation. 

In addition to finding efficacious therapies to treat metastatic disease, the recurrence rates (up 

to 50%) following primary treatment indicate there is also an urgent need for effective adjuvant 

treatment in UM 93. In the past, several forms of therapy, such as interferon and Bacillus 

Calmette-Guérin injections, did not prove effective in the adjuvant setting of UM 94, 95. Future 

adjuvant treatment may be based on the action of NK cells. This idea is based on the fact that 

UM cells spread purely hematogenously and because the peripheral blood contains high levels 

of NK cells. Therefore, it is vital for disseminating UM cells to evade lysis by NK cells. UM cells 

achieve this, for example, by producing and expressing molecules that inhibit these NK cells 

such as MIF, TRAIL and FasL 96, 97. In addition, a higher MHC class I expression on UM cells 

has been associated with a better survival 98. Hence, UM cells reducing expression of MHC 

class I can be considered another NK cell-specific escape mechanism as NK cells primarily 

lyse cells failing to express these molecules 99. In the context of using NK cells for the purpose 

of adjuvant therapy, activation of NK cells using IFN-α2b has shown to result in decreased 

hepatic micro-metastasis in a mouse model 100. 

Other options for adjuvant treatment in UM, such as ipilimumab-nivolumab (NCT03528408), 

sunitinib vs valproic acid (NCT02068586) and DC vaccination (NCT01983748) are currently 

investigated in ongoing clinical trials 101. The latter has also been studied as adjuvant treatment 

by our group in a cohort of 23 high-risk UM patients (as defined by the presence of monosomy 3 

in the primary tumour). In these patients, a three-year OS rate of 79% was found which compared 

favourably to the approximate 60% reported in literature for high-risk UM patients 102. 
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The treatment of cutaneous melanoma and the role of dendritic cell 
vaccination herein

The remainder of this thesis focusses on the treatment of locoregional advanced and metastatic 

CM and specifically on the role of DC vaccination herein. In chapter 3, we review the current 

status and recent developments of DC vaccination in the field of oncology. We discuss the 

pivotal publications concerning DC vaccination in the four malignancies in which phase III trials 

with DC vaccination have been performed. In addition, the arguments for the application of DC 

vaccination in the adjuvant setting and for the combined treatment with DC vaccination and ICI 

are presented. These arguments, which are also outlined in this discussion, form the basis for 

the subsequent chapters of this thesis.

Dendritic cell vaccination as an adjuvant treatment modality in cutaneous 
melanoma
In the past years, our group has initiated multiple clinical trials testing DC vaccination for 

the treatment of metastatic CM. Although the vaccine was improved over the years, clinical 

response was seen in a minority of patients 24. This observation was confirmed by a meta-

analysis reporting an overall response rate of a mere 8.5% following DC vaccination for the 

treatment of metastatic CM 103. This is considerably lower than the response rates seen 

following TT and ICI and led us to conclude that it is unlikely for DC vaccination as monotherapy 

to gain a role in the treatment of metastatic CM, despite its favourable safety profile. 

One of the reasons behind the limited efficacy of DC vaccination in metastatic CM may be 

tumour-associated immune suppression. Tumours can evade an immunological anti-tumour 

response by various escape mechanisms. For example, certain immune-suppressive cell 

populations (such as Tregs and myeloid-derived suppressor cells) and immune-suppressive 

cytokines (such as TGF-β and IL-10) are believed to exert immune-suppressive functions in 

the TME of CM 104-106. These factors may lead to locally disabled effector T-cells induced by 

DC vaccination. In the adjuvant setting, after the resection of macroscopic disease, tumour-

associated immune suppression is presumably lower. This might leave effector T-cells more 

effective in eliminating any remaining CM cells (figure 3). In support of this hypothesis, we 

detected antigen-specific T-cells in 71% of the patients treated with DC vaccination in the 

adjuvant setting compared to 23% following DC vaccination in the metastatic setting 22, 23. In 

addition, in a retrospective analysis by our group, the median OS of locoregional advanced CM 

patients was significantly improved following adjuvant DC vaccination compared to a matched 

control cohort (63.6 months vs. 31.0 months; HR 0.59; p = 0.018) 22. 
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Figure 3: The difference in tumour-associated immune suppression between the adjuvant and 
metastatic setting.
Activated cytotoxic T-cells are portrayed following dendritic cell (DC) vaccination in the adjuvant setting 
(panel A) and metastatic setting (panel B). In the adjuvant setting, after the resection of macroscopic 
disease, less tumour-associated immune suppression may be present compared to the metastatic 
setting. This reduced tumour-associated immune suppression may result in the improved efficacy of 
effector T-cells induced by DC vaccination. Abbreviations: CD8+, cytotoxic T-cell; MDSC, myeloid-derived 
suppressor cell; Treg, regulatory T-cell. 

Based on these results, suggesting that DC vaccination may be more effective in the adjuvant 

compared to the metastatic setting, our group has shifted focus to adjuvant DC vaccination in 

more recent CM trials. 

Imaging prior to initiating adjuvant treatment in resected locoregional advanced 
cutaneous melanoma
Before the initiation of any adjuvant therapy (including adjuvant DC vaccination and the recently 

approved forms of adjuvant ICI and TT), it is vital to ascertain disease absence as failing to 

do so can have adverse clinical consequences. It was already common practice to exclude 

distant metastatic disease prior to the resection of locoregional advanced CM 2. However, as 

the adjuvant treatment of CM only recently gained traction, it had yet to be established whether 

the absence of CM should be reconfirmed after surgery and prior to the initiation of adjuvant 

treatment. To enable an answer to this question, the recurrence rate of CM within the first 

12 weeks following surgery, the time window in which adjuvant treatment in CM should be 

initiated, has to be known. Although previous work has reported on recurrence rates following 

resection, no studies specifically focussed on the incidence rates of CM recurring that rapidly 

following surgery 107-113. 

In Chapter 4 we describe a study that investigated the rate of rapidly recurrent CM during 

eligibility screening for the MIND-DC trial, in which adjuvant DC vaccination is investigated 

(discussed below). Similar to the currently FDA-approved adjuvant agents, patients had to 
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be initiated on study treatment within 12 weeks after surgery. In this short period, recurrent 

disease was diagnosed in 22 (18%) of the 120 screened stage IIIB/C (AJCC 7th edition) CM 

patients. Importantly, most early recurrences (77%) were asymptomatic and would have stayed 

undetected without re-staging during this screening period. 

The expedited identification of rapidly recurrent disease has important clinical consequences. 

Of the patients who had rapidly recurrent CM, 36% were referred for re-resection with curative 

intent. Early detection also allows for early initiation of BRAF-MEKi or ipilimumab-nivolumab 

if high tumour load is present. In the current study, such treatment was initiated in 41% of 

patients who endured rapid recurrence. Moreover, detectable recurrent disease at the start 

of adjuvant therapy which remains unnoticed appears on follow-up imaging during adjuvant 

treatment. These lesions may be misinterpreted as disease recurrence occurring during 

adjuvant treatment. This potentially results in the conclusion that the patient’s CM is resistant 

to the respective form of therapy and may lead to the loss of this agent as a treatment line 

(figure 4). 
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locoregional 
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recurrence
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Initiation of adjuvant therapy
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Figure 4: The importance of excluding rapidly recurrent cutaneous melanoma prior to the initiation of 
adjuvant treatment.
A substantial portion of cutaneous melanoma patients has rapidly recurrent disease following the resection 
of locoregional advanced disease and prior to the initiation of adjuvant therapy. Detectable recurrent 
disease at the start of adjuvant therapy which remains unnoticed appears on follow-up imaging during 
adjuvant treatment and may eventually lead to the loss of this therapy as a treatment line (upper arm). In 
contrast, when re-staging is performed and rapidly recurrent disease is detected earlier, patients may be 
initiated on treatment other than adjuvant therapy (lower arm). 

To conclude, clinicians should be aware of the substantial recurrence rates shortly following 

surgery and prior to the initiation of adjuvant therapy. Considering the potential impact on 

therapeutic management, these results support the re-staging of all high-risk stage III 
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CM patients prior to the initiation of adjuvant treatment. Although we have seen that these 

recommendations have been widely adopted in the Netherlands, our findings may need to 

be corroborated in larger cohorts of patients. In addition, the presence of rapidly recurrent 

disease in the form of cerebral metastases has not been assessed in this, or any other, work. 

This is relevant considering CM is among the cancers that most frequently give rise to cerebral 

metastases which are detected in approximately 15–30% of CM patients at the initial diagnosis 

of metastatic disease 114-116. Therefore, clinicians should also consider excluding cerebral 

metastases prior to the planned initiation of adjuvant treatment, something that is already 

common practice in our (and other) institutions. 

Natural circulating dendritic cell vaccination
Besides investigating adjuvant DC vaccination, our group has also invested in the development 

of vaccination strategies using naturally circulating dendritic cells (nDCs). Until recently, the 

majority of DC vaccination studies utilized DCs that were derived from autologous monocytes 

(monocyte-derived DCs; moDCs) or CD34+ progenitors. However, the ex vivo differentiation of 

these cells into DCs takes about 5-9 days and requires cytokines that impair the functionality 

of the generated moDCs 117, 118. By directly isolating nDCs from the peripheral blood, these 

intensive culturing periods can be circumvented 119. 

Two major populations of nDCs are recognized: myeloid DCs (mDCs) and plasmacytoid DCs 

(pDCs) 120, 121. The mDC subset is further subdivided in a major subpopulation expressing CD1c 

(BDCA-1) and a minor subpopulation expressing CD141 (BDCA-3) 122. Our group has studied 

both CD1c+ mDC (also called cDC2) and pDC in the treatment of metastatic CM as stand-alone 

therapy, showing the induction of immunological, and in some patients even clinical, response 
24, 25. In addition, our group has also shown that mDC and pDC cross-activate each other 

while other work demonstrated that pDC enhance the ability of mDC to stimulate a CD8+ T 

cell response 123, 124. In recent clinical trials, we found that combining CD1c+ mDC and pDCs 

in DC vaccination is feasible, safe and capable of inducing immunological responses in both 

castration-resistant prostate cancer 125 and the adjuvant treatment of locoregional advanced 

CM (manuscript in preparation). 

The MIND-DC trial
Our DC vaccination research has accumulated in the initiation of a double-blind placebo-

controlled phase III trial investigating nDC vaccination for the adjuvant treatment of resected 

locoregional advanced CM (MIND-DC trial; NCT02993315). The MIND-DC trial, which enrolled 

its first patients in December 2016, investigates whether adjuvant treatment with autologous 

CD1c+ mDCs and pDCs loaded with tumour antigens (gp100, tyrosinase, MAGE-C2, MAGE-A3 

and NY-ESO-1) results in an improved 2-year RFS (primary endpoint). Patients with resected 

stage IIIB or IIIC locoregional advanced CM (AJCC 7th edition) were randomized in a 2:1 ratio to 
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receive either intranodal nDC vaccination or placebo. After the inclusion of 151 patients, accrual 

was ceased prematurely after adjuvant treatment with PD-1 inhibition became available in the 

Netherlands in November 2018. 

A preplanned interim analysis was conducted in January 2020. At that time, the primary 

endpoint could be assessed in 102 patients who either reached at least 2 years of follow-up 

or were diagnosed with recurrent disease within 2 years of randomisation. Unfortunately, the 

2-year RFS rates of 21.4% in the nDC vaccination arm and 25% in the placebo arm (HR 1.05; 

95% CI: 0.47-3.23; p = 0.67) shows that adjuvant nDC vaccination in stage IIIB and IIIC CM 

patients has no benefit over placebo in terms of 2-year RFS. 

At the time of writing, correlative analyses of skin-test infiltrating lymphocytes for markers 

of immunological and clinical response are ongoing. These may identify subsets of patients 

particularly benefitting from DC vaccination and may have the potential to provide insight into 

the reasons behind the lack of a significant difference in RFS. In addition, the OS data of the 

MIND-DC has not yet matured. This is important as the lack of a significant difference in RFS 

does not preclude an improved OS. For example, the induction of an antigen-specific immune 

response may potentiate ICI administered at a later time, a hypothesis that was investigated in 

the study presented in chapter 5.

Sequential administration of adjuvant dendritic cell vaccination and immune 
checkpoint inhibition
Based on the premise that ICI disinhibits the effector T-cells induced by DC vaccination, the two 

modalities may have synergy in the treatment of CM (figure 5) 126. In an earlier study performed 

by our group, it was indeed suggested that adjuvant DC vaccination resulted in an improved 

efficacy of subsequent ipilimumab administered to treat recurrent CM 127. 
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Figure 5: Synergy between dendritic cell vaccination and immune checkpoint inhibition.
The proposed synergy between dendritic cell (DC) vaccination and immune checkpoint inhibition (ICI) is 
depicted. DCs injected by means of DC vaccination present tumour-associated antigen to naïve T-cells, 
thereby activating them (panel A). In addition, ICI disinhibits T-cells: CTLA-4 inhibition blocks the inhibitory 
effects of CTLA-4 in the lymph node (panel A) while PD-1 inhibition reduces co-inhibitory signalling in the 
tumour micro-environment (panel B). Based on their mechanism of action, DC vaccination and ICI may 
have synergy, potentially resulting in the improved elimination of melanoma cells. Abbreviations: DCs, 
dendritic cells; mAb, monoclonal antibody; MHC, major histocompatibility complex. 

In chapter 5, the clinical efficacy of first- and second-line ICI that was given following recurrent 

CM on adjuvant DC vaccination was studied in 51 patients. In the cohort of patients receiving 

PD-1 inhibition monotherapy after adjuvant DC vaccination, a response rate of 52% was found. 

This response rate is similar to the 51% literature-reported response rate in comparable 

patients (i.e. patients with a normal lactate dehydrogenase and no active cerebral metastasis) 

treated with nivolumab monotherapy without prior DC vaccination 128. In the two other cohorts, 

remarkably high response rates were seen. In the patients to whom ipilimumab-nivolumab 

was administered following DC vaccination, a response rate of 75% was observed which 

compared favourable to the 58% response rate reported of non-DC vaccinated ipilimumab-

nivolumab treated patients in literature 13. Also, the response rate of DC vaccinated patients 

treated with subsequent ipilimumab monotherapy (35%) was markedly higher than the 11-19% 

response rates of ipilimumab monotherapy reported in landmark studies 13-15. However, in our 

ipilimumab monotherapy cohort, comparison with literature was complicated by differences 

in patient characteristics. Due to its small size, our ipilimumab-nivolumab cohort was prone 

to sampling errors, introducing uncertainty concerning the observed response rate.  
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We concluded that ICI remains at least as effective when administered following recurrent 

disease on adjuvant DC vaccination which provides incentive for further investigation. 

Considering the MIND-DC trial is a randomized placebo-controlled trial investigating adjuvant 

DC vaccination, patients included in this trial may be ideal to prevent (selection) bias. When 

the MIND-DC trial is unblinded, the possibility arises to retrospectively assess the efficacy of 

ICI in two (due to randomisation) comparable cohorts; one cohort of patients treated with DC 

vaccination, and a placebo cohort, in which patient did not receive prior DC vaccination.

In chapter 5 we discussed that, if proven effective, DC vaccination may potentially be an 

important adjuvant treatment in CM. This suggestion was based on the premise that DC 

vaccination has very limited efficacy in metastatic setting. In addition, we assumed that re-

treatment with PD-1 inhibition upon relapse despite adjuvant PD-1 inhibition was unlikely 

to be effective in most cases. As a result, if patients were to be treated with adjuvant DC 

vaccination instead of adjuvant PD-1 inhibition, the latter would not be lost as a treatment line 

when recurrence occurred. After the publication of our article, a recent study showed that re-

treatment with PD-1 inhibition for recurrence after adjuvant PD-1 inhibition may have clinical 

utility while further PD-1 inhibition given for relapse occurring during adjuvant PD-1 inhibition 

was not effective 129. Considering the majority (76%) of the patients in this study relapsed 

during adjuvant PD-1 inhibition, these findings supported our assumption that most patients 

that relapse despite adjuvant PD-1 inhibition potentially lose a treatment line. Although we 

believe this strengthens the argument to apply adjuvant DC vaccination instead of adjuvant 

PD-1 inhibition, the results of the interim analysis of the MIND-DC indicate that is unlikely for 

adjuvant DC vaccination to replace adjuvant PD-1 inhibition in the near future. 

Future treatment strategies in cutaneous melanoma

Concurrent administration of dendritic cell vaccination and PD-1 inhibition
Concurrent administration of DC vaccination and ICI may be more effective than the sequential 

administration studied in chapter 5. As introduced before, two previous clinical trials have 

shown that the combination of ipilimumab and DC vaccination in CM may indeed result in 

improved clinical efficacy over ipilimumab alone 130, 131. Until now, although PD-1 inhibition is 

associated with higher response rates and less toxicity than ipilimumab, no results have been 

published on the administration of DC vaccination and PD-1 inhibition in metastatic CM. 

Therefore, we have designed a study protocol to investigate the concurrent administration 

of nivolumab and naturally circulating dendritic cell (nDC) vaccination for the treatment of 

irresectable stage III and stage IV CM, of which a synopsis is presented in chapter 6. In this 

protocol, a single arm Simon two-stage study design is proposed to test the combination of 
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480mg nivolumab every 4 weeks for two years and autologous nDC loaded with melanoma-

associated antigens. The primary objective in this proposed study is to determine the best 

overall response rate at 6-months and compare this with the best overall response rate 

reported in landmark studies investigating nivolumab monotherapy. Among the secondary end 

points are the characterisation of the toxicity associated with this combination therapy and the 

collection of patient material such as tumour and blood samples to enable the investigation of 

induced immune responses. 

Although the rationale behind combination treatment using DC vaccination and PD-1 inhibition 

is promising, the failure of the MIND-DC trial to meet its primary endpoint is a major setback 

to the field. It raises the question whether DC vaccination should have a role in the future 

treatment landscape of CM at all. This question is legitimate as numerous new strategies for 

the management of locoregional advanced and metastatic CM are currently being investigated 

in clinical trials. These strategies involve new therapeutics as stand-alone therapy. They also 

encompass combination strategies which often include PD-1 inhibition, as is the case in the 

therapeutic intervention proposed in our study protocol presented in chapter 6. In our opinion, 

two particularly promising strategies, neo-adjuvant treatment and combining ICI and BRAF-

MEKi (triple therapy), deserve further elaboration as they may become important in the future 

of CM treatment.

Triple therapy
Besides DC vaccination, BRAF-MEKi is also considered to have potential synergy with ICI in the 

treatment of metastatic CM. First, BRAF-MEKi seem to promote the immunogenicity of CM, 

potentially resulting in an improved efficacy of concurrent (or subsequent) ICI 132-135. Second, 

the typical response patterns of BRAF-MEKi and ICI in metastatic CM may be complementary 

(figure 6). While BRAF-MEKi is characterized by a high rate of rapidly occurring responses, 

response following ICI is generally achieved in less patients and after a longer period of time. 

In a part of the patients durable responses are observed after ICI treatment, something that 

is considerably more rare after BRAF-MEKi due to the development of secondary treatment 

resistance in many patients 6, 136. By combining these characteristics in triple therapy, rapid and 

durable responses may be achieved in more BRAF-mutated metastatic CM patients. 
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Figure 6: Combining immune checkpoint inhibition, BRAF and MEK inhibition in the treatment of 
metastatic cutaneous melanoma.
Prototypical progression-free survival (PFS) curves of combined BRAF and MEK inhibition (BRAF-MEKi) 
(red) and immune checkpoint inhibition (in this case PD-1 inhibition; blue) in the treatment of metastatic 
cutaneous melanoma (CM) are portrayed. The hypothetical PFS-curve of combined PD-1 inhibition and 
BRAF-MEKi and, as a reference, exemplary untreated metastatic CM patients are shown in respectively 
purple and black. Adapted from: Rozeman & Blank 137. Abbreviations: BRAF-MEKi, combined BRAF and 
MEK inhibition.

Whether and how to apply triple therapy in the treatment of BRAF-mutated metastatic CM 

remain unanswered questions. Initial trials, involving the administration of ipilimumab and 

vemurafenib or dabrafenib-trametinib, revealed high rates of severe toxicity 138, 139. Although 

subsequent early phase trials concluded the combination of PD-(L)1 inhibition and BRAF-MEKi 

has promising efficacy at the cost of manageable toxicity, the occurrence of treatment-related 

adverse events following triple therapy remains an issue 140-142. Aiming to reduce toxicity, 

other schemes of combining ICI and TT have been proposed. For example, PD-1 inhibition 

and intermittent treatment with BRAF-MEKi was shown to be associated with lower toxicity 

rates than PD-1 inhibition and continuous BRAF-MEKi 143, 144. Phase III trials testing concurrent 

(NCT02908672) and sequential schemes of ICI and BRAF-MEKi (NCT02224781, NCT02968303) 

are currently ongoing. The results of these studies will be an important indication whether 

triple therapy has a future in the treatment of metastatic CM. 

Neo-adjuvant treatment
Another promising development in the field of CM is the initiation of ICI or BRAF-MEKi prior 

to the resection of locoregional advanced disease (neo-adjuvant treatment). Neo-adjuvant 

treatment has several potential advantages. First, neo-adjuvant treatment may facilitate surgery 

by reducing the tumour load. Second, neo-adjuvant treatment allows for the assessment of 

pathological response which may provide valuable information concerning prognosis and 

response to treatment to guide further adjuvant treatment, if indicated. Lastly, in the case of 

neo-adjuvant ICI, treatment prior to surgery, with the full tumour burden (and thus antigen 

load) still present, may induce a stronger and broader T-cell response 145. Indeed, pre-clinical 
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work provides support for superior activity of ICI when given before surgery 146. Such improved 

efficacy of ICI may reduce the risk of recurrent disease and may potentially tackle the problem 

of rapid recurrent disease described in chapter 4. 

Only a limited number of clinical trials tested neo-adjuvant systemic treatment in CM. These 

studies have shown that both neo-adjuvant BRAF-MEKi and neo-adjuvant ICI (particularly neo-

adjuvant ipilimumab-nivolumab) are capable of inducing pathological and clinical response in 

a substantial portion of patients 147-152. The induction of a complete pathological response was 

also shown to correlate with improved RFS, particularly in patients treated with neo-adjuvant 

ICI 153. Despite these promising results, challenges remain, such as the risk of treatment-

related toxicity which could interfere with potentially curative surgery. As is attempted with 

triple therapy, adjusting treatment schemes may lower toxicity. The recent OpACIN-neo trial 

tested the toxicity of three neo-adjuvant ipilimumab-nivolumab schemes and found that a 

reduced dose of ipilimumab lowered treatment-related toxicity while efficacy was retained 152. 

This treatment regimen (consisting of two courses of ipilimumab 1 mg/kg plus nivolumab 3 

mg/kg) is currently being investigated in an extension cohort (NCT02977052). The results of 

this trial, and several others, are eagerly awaited.

Improving dendritic cell vaccination
Although neo-adjuvant treatment and triple therapy represent promising strategies, they 

probably will not reduce treatment-related toxicity. In this context, the major advantage of 

DC vaccination is its ability to induce an antigen-specific immune response at the cost of very 

limited toxicity. Therefore, we believe it may still be worthwhile to pursue the development of DC 

vaccination either as standalone therapy or as a combinational treatment. However, the results 

of the MIND-DC indicate there is a need for further improvement of this modality (figure 7). 

One potential improvement may be the use of neo-antigens. Neo-antigens are tumour-specific 

proteins resulting from non-synonymous mutations in the genome of tumour cells. Neo-

antigens are not expressed in normal tissue and it has therefore been postulated that T-cells 

recognizing these neo-antigens are not subjected to central tolerance mechanisms 154. The 

exploration of neo-antigen-loaded DC vaccination is still in its infancy with one study showing 

feasibility and immunogenicity in 3 metastatic CM patients 155. Although the application of 

neoantigens might generate a DC vaccine capable of inducing a more tumour-specific immune 

response, the need for tumour tissue and the laborious process to produce neoantigen-based 

DC vaccination can be considered disadvantages. 
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Figure 7: Possible improvements to dendritic cell vaccination.
A selection of possible further improvements to dendritic cell (DC) vaccination. Abbreviation: DC(s), 
dendritic cell(s) 

Besides the use of neo-antigens, further improvements may also be found in the application 

of alternate sources of DCs. One highly desired feature of DCs is a potent capability of cross-

presentation which permits exogenous antigens to be loaded on MHC I 156. Because tumour 

antigens are exogeneous antigens for DCs, and considering MHC I presents antigens to 

CD8+ T-cells which are important effector cells in an anti-cancer immune response, the 

process of cross-presentation is essential in mounting such a response. Particularly CD141+ 

(BDCA3+) DCs seem to possess potent cross-presenting capabilities which makes them 

promising candidates for future DC vaccination trials 157, 158. Methods capable of isolating these 

exceedingly rare DCs (constituting roughly 0.03% of the mononuclear cells in peripheral blood) 

are currently being developed 21, 157.

Finally, the future of vaccination therapy for cancer may lie in omitting DCs as an antigen 

carrier platform. A myriad of scaffolds, such as polymer beads, liposomes and many others, 

have been synthesized with the intention to function as synthetic DCs 159-162. Another option may 

be in-vivo targeting instead of ex-vivo loading of DC’s which can be obtained by for example 

using nanoparticles containing antigens and adjuvants that promote DC maturation 163, 164. 

When proven effective, in-vivo targeting and the application of synthetic DCs that can deliver all 

three activation signals to T-cells would obliviate the need for manufacturing a personalized 

product for every individual patient. 
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Summary and concluding remarks

Despite extensive research efforts and even though the systemic treatment of CM has 

advanced substantially in the last decade, the quest to improve the management of metastatic 

UM and both loco-regional advanced and metastatic CM is far from over. Through the research 

presented in this thesis we tried to gain more insight in both malignancies with the ultimate 

aim to improve their management. 

In our study of the lymphocytic infiltration in UM, we suggest that UM, despite the disappointing 

results of contemporary forms ICI, may still be susceptible to immunotherapeutic intervention. 

We were able to provide suggestions for future immunotherapy and biomarker research in this 

type of malignancy. 

In the context of the adjuvant treatment of CM, high rates of rapidly recurring disease after the 

surgical resection of locoregional advanced CM were identified. Based on these results, we 

strongly advocate the re-staging of patients with surgically resected locoregional advanced CM 

before adjuvant treatment is initiated. 

In this thesis we have also focussed on combining DC vaccination with ICI. We have shown 

that adjuvant DC vaccination does not seem to reduce, and may even improve, the efficacy of 

subsequent ICI. As it may be possible that concomitant administration of DC vaccination and 

ICI is more effective than the sequential treatment with both modalities, we have designed a 

protocol to investigate the concomitant administration of PD-1 inhibition and nDC vaccination. 

Unfortunately, the ongoing double-blind placebo-controlled phase III MIND-DC trial, which 

investigates the clinical utility of nDC vaccination in the adjuvant setting, failed to meet its 

primary endpoint in a pre-planned interim analysis. Due to the negative outcome of the MIND-

DC, we have not yet initiated a combinational clinical trial based on our study protocol as it is 

intended to employ nDC vaccination manufactured according to the same methods as used in 

the MIND-DC trial. 

It is clear the negative outcome of the MIND-DC trial is a major setback to the field, especially 

considering several other treatment strategies have shown very promising results in recent 

clinical trials. Consequently, the question arises whether (n)DC vaccination should have a role 

in the treatment landscape of CM at all. Nonetheless, given its proven ability to induce an anti-

tumour immune response at the cost of very little toxicity, we believe it is still worthwhile to 

pursue the further development of DC vaccination.
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NEDERLANDSE SAMENVATTING

Huid- en oogmelanoom: twee verschillende ziekten

Het melanoom is een vorm van kanker die ontstaat uit pigmentvormende cellen, melanocyten 

genaamd. Huidmelanoom, wat ontstaat vanuit melanocyten in de opperhuid (epidermis), is 

het meest voorkomende en meest bekende subtype. Minder bekend en minder voorkomend is 

het oogmelanoom, dit ontstaat uit melanocyten in de uvea (bestaande uit het vaatvlies, de iris 

en het straalvormig lichaam van het oog) (figuur 1). Ondanks dat beide typen melanoom hun 

oorsprong vinden in dezelfde soort cellen, zijn het twee zeer verschillende ziekten. 

s Vaatvlies

Oogzenuw

Iris

A B

Lederhuid

Opperhuid

Huidmelanoom

Onderhuids
bindweefsel

Melanoom in
het vaatvlies

Melanoom in het
Straalvormig lichaam

Iris 
melanoom

Hoornvlies

Glasachtig
lichaam

Lens

Straalvormig
lichaam

Netvlies

Huid Oog
Figuur 1: De oorsprong van huid- en oogmelanoom. 

Huidmelanoom (A) ontstaat uit melanocyten in de opperhuid. Oogmelanoom (B) ontstaat uit melanocyten 
in het straalvormig lichaam, vaatvlies of iris van het oog. 

Ziektestadia
Huid- en oogmelanoom zijn potentieel dodelijke aandoeningen, omdat beiden kunnen uitzaaien 

(metastaseren). Zowel het huid- als oogmelanoom kan worden onderverdeeld in verschillende 

ziektestadia. In het geval van huidmelanoom is er sprake van stadium I of stadium II als er 

geen metastasen worden gevonden. De kwaadaardige cellen beperken zich dan tot de plek in 

de huid waar de ziekte is ontstaan (het primaire melanoom), dit wordt ook wel gelokaliseerde 

ziekte genoemd. Bij stadium III huidmelanoom is er sprake van metastasen in de huid rondom 

het primaire melanoom, in of onder de huid tussen het primaire melanoom en de nabijgelegen 
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lymfeklieren of in de nabijgelegen lymfeklieren zelf (dit laatste heet lymfogene metastasering). 

Huidmelanoom waaruit zogenaamde afstandsmetastasen zijn ontstaan (metastasen naar 

bijvoorbeeld longen, hersenen, lever of botten) wordt betiteld als stadium IV. 

In het geval van oogmelanoom wordt gesproken van stadium I, II of III als de ziekte beperkt 

blijft tot het oog of zich uitbreidt in de directe omgeving hiervan. In het geval van stadium IV 

oogmelanoom is er sprake van afstandsmetastasen, opvallend hierbij is dat het overgrote deel 

van deze patiënten levermetastasen heeft. Lymfogene metastasen, zoals die voorkomen bij het 

huidmelanoom, komen bij het oogmelanoom niet voor.

Behandeling van huid- en oogmelanoom: lokale behandeling

Behandeling die niet actief is in het hele lichaam maar alleen kankercellen bestrijdt op (een 

beperkt aantal) specifieke plaatsen, wordt lokale behandeling genoemd. Voorbeelden van 

lokale behandelingen zijn radiotherapie of het verwijderen van tumoren middels een operatie.

Op het moment dat patiënten met huid- of oogmelanoom zich voor het eerst melden bij een 

arts, is er bij beide ziekten in het overgrote deel (>90%) van de patiënten alleen sprake van 

lokale ziekte en worden er geen lymfogene metastasen of afstandsmetastasen gevonden. 

Lokale behandeling is dan vaak de beste optie. In het geval van stadium I of II huidmelanoom 

wordt de ziekte operatief verwijderd, ook stadium III huidmelanoom wordt vaak in eerste 

instantie chirurgisch behandeld. 

Voor de lokale behandeling van het oogmelanoom (stadium I, II of III) zijn er meerdere opties 

beschikbaar waarbij vaak wordt gekozen voor een vorm van radiotherapie. Chirurgie wordt met 

name toegepast bij grotere tumoren of bij uitbreiding buiten het oog. 

Terugkeer van ziekte na lokale behandeling
Helaas is het zo dat, ondanks de in eerste instantie vaak succesvolle lokale behandeling, 

bij zowel huid- als oogmelanoom er een kans bestaat dat de ziekte op een later moment 

terugkeert (recidiveert). Dit komt omdat ten tijde van de primaire behandeling zich in het 

lichaam toch al, nog onzichtbare, micro-metastasen verspreid hebben die zich op een later 

moment openbaren. Bij huidmelanoom wordt de kans op terugkeer (een recidief) voornamelijk 

bepaald door de mate waarin het primaire melanoom ingroeit in de huid (de Breslow-dikte) 

en of er sprake is van zweervorming in het primaire melanoom (ulceratie). De recidiefkans is 

sterk vergroot als er sprake was van stadium III huidmelanoom waarbij in ongeveer de helft 

van deze patiënten de ziekte uiteindelijk zal recidiveren. Ook ongeveer de helft van de patiënten 

met oogmelanoom is niet definitief genezen na lokale behandeling. De kans op een recidief in 
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deze groep patiënten wordt bepaald door meerdere factoren, waaronder de aanwezigheid van 

bepaalde genetische kenmerken in, en de grootte van, de tumor.

Bij zowel het huid- als het oogmelanoom kan de ziekte recidiveren in de buurt van de plek 

waar het eerder operatief is verwijderd (een lokaal recidief) of kunnen er nieuwe lymfogene 

of afstandsmetastasen ontstaan (iedere combinatie van deze soorten van recidief is ook 

mogelijk). Soms is het recidief wederom te behandelen met een vorm van lokale behandeling. 

Echter, met regelmaat kan dit niet meer en moet er, indien mogelijk, overgegaan worden tot 

het geven van een therapie die metastasen bestrijdt in het hele lichaam (systemische therapie). 

Daarnaast is het in principe ook wenselijk om het kleine deel van patiënten dat op het moment 

van eerste presentatie al metastasen heeft, en bij wie lokale behandeling geen optie meer is, 

te behandelen met systemische therapie. 

Behandeling het huid- en oogmelanoom: systemische behandeling

Behalve het feit dat zowel huid- als oogmelanoom (bijna) niet reageren op chemotherapie (een 

vorm van systemische therapie), zijn er grote verschillen in de effectiviteit van de verschillende 

soorten systemische therapie in de behandeling van beide ziekten. 

Systemische behandeling van het huidmelanoom
Tot ongeveer 2010 overleed meer dan de helft van de patiënten met gemetastaseerd 

huidmelanoom binnen een jaar. Gelukkig is sindsdien, met de uitvinding van twee nieuwe 

soorten medicatie (doelgerichte therapie en immuuntherapie), de prognose van deze ziekte 

sterk verbeterd. 

Doelgerichte therapie richt zich op moleculen en eiwitten die specifiek zijn voor kankercellen. 

Er zijn veel soorten doelgerichte therapie, waarbij het aangrijpingspunt van deze medicatie voor 

ieder kankertype anders kan zijn. In het geval van huidmelanoom werkt doelgerichte therapie 

in op het zogenaamde BRAF-eiwit dat overactief is in ongeveer van de helft van de patiënten. 

De overactiviteit van het BRAF-eiwit is het directe gevolg van een verandering in het DNA (een 

mutatie) in het gen dat codeert voor het BRAF-eiwit en zorgt ervoor dat er overmatige celgroei 

ontstaat. Doelgerichte therapie voor de behandeling van het huidmelanoom bestaat uit een 

combinatie van twee soorten medicatie: een middel dat het overactieve BRAF-eiwit remt en 

een remmer van het MEK-eiwit (een eiwit dat direct wordt aangestuurd door het BRAF-eiwit). 

Zulke gecombineerde BRAF- en MEK remming zorgt in veel patiënten met een BRAF-mutatie 

ervoor dat kankercellen stoppen met delen en sterven.
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De andere vorm van medicatie die het afgelopen decennium de behandeling van kanker 

heeft gerevolutioneerd, immuuntherapie, gebruikt het afweersysteem (immuunsysteem) van 

de patiënt om kankercellen te bestrijden. Er zijn veel, voornamelijk experimentele vormen, 

van immuuntherapie. De op dit moment voornaamste vorm van immuuntherapie voor de 

behandeling van het gemetastaseerd huidmelanoom is checkpoint blokkade. Checkpoint 

blokkade bestaat uit antilichamen die de werking van checkpoint moleculen blokkeren. Deze 

checkpoint moleculen bevinden zich onder andere op cytotoxische T-cellen, dit zijn afweercellen 

met een cruciale rol in het vernietigen van kankercellen. Checkpoint moleculen zoals CTLA-4 

en PD-1 (de op dit moment relevante checkpoint moleculen binnen de behandeling van het 

huidmelanoom) hebben normaal gesproken als doel om overactiviteit van cytotoxische T-cellen 

en het immuunsysteem als geheel te voorkomen. In het geval van huidmelanoom kan het 

echter zo zijn dat checkpoint moleculen verhinderen dat cytotoxische T-cellen een effectieve 

aanval op zetten tegen melanoomcellen. Het blokkeren van checkpoint moleculen middels 

checkpoint blokkade zorgt ervoor dat cytotoxische T-cellen worden ontremd en actiever 

worden in het vernietigen van melanoomcellen. De drie vormen van checkpoint blokkade die 

op dit moment worden toegepast bij de behandeling van gemetastaseerd huidmelanoom zijn: 

ipilimumab, nivolumab en pembrolizumab. De eerste is gericht tegen het checkpoint molecuul 

CTLA-4, de laatste twee blokkeren PD-1. Ipilimumab en nivolumab worden ook wel eens 

tegelijkertijd gegeven om het effect te vergroten. 

Doelgerichte therapie en checkpoint blokkade hebben ervoor gezorgd dat de gemiddelde 

levensverwachting van patiënten met stadium IV huidmelanoom toegenomen is van 9 maanden 

naar ongeveer 2 jaar. In een deel van de patiënten is deze medicatie dermate succesvol dat alle 

metastasen volledig verdwijnen. Bij enkelen van hen (met name bij de patiënten behandeld met 

checkpoint blokkade) blijft de ziekte vele jaren weg, waarbij het goed zou kunnen dat sommige 

van deze patiënten volledig genezen zijn! Naast de zeer positieve resultaten in de behandeling 

van het stadium IV huidmelanoom, is recent ook gebleken dat zowel doelgerichte therapie 

als checkpoint blokkade de kans op een recidief na operatieve verwijdering van stadium III 

huidmelanoom kunnen verkleinen. Een dergelijke vorm van therapie, gericht op het verkleinen 

van de recidiefkans na een operatie, wordt adjuvante behandeling genoemd. 

Ondanks het grote succes van checkpoint blokkade en doelgerichte therapie, zijn er nog 

steeds grote uitdagingen te overwinnen binnen de behandeling van het gemetastaseerde 

huidmelanoom. Om te beginnen is het zo dat, ondanks dat mogelijk een deel van patiënten 

inmiddels te genezen is, nog steeds een groot aantal van de patiënten met stadium IV 

huidmelanoom uiteindelijk overlijdt aan hun ziekte. Daarnaast kunnen checkpoint blokkade 

en doelgerichte therapie ernstige bijwerkingen veroorzaken. In het geval van immuuntherapie 

zijn deze bijwerkingen vaak gerelateerd aan een te actief immuunsysteem, waarbij patiënten 

op vele mogelijke plekken in het lichaam ontstekingen kunnen krijgen. Gecombineerde 
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BRAF- en MEK remming kan gepaard gaan met een legio aan bijwerkingen waarbij met name 

huidproblemen en koorts vaak worden gezien. Ernstige bijwerkingen worden geconstateerd 

in ongeveer 10-15% van de patiënten behandeld met PD-1 blokkade en in tot 50-60% van 

patiënten die ipilimumab gecombineerd met nivolumab of gecombineerde BRAF- en MEK 

remming krijgen.

Het aanzienlijke risico op ernstige bijwerkingen is met name in de adjuvante behandeling een 

groot probleem. Omdat na de operatie niet te voorspellen is bij welke patiënt de ziekte gaat 

recidiveren, worden tegenwoordig bijna alle patiënten, die een chirurgische verwijdering van 

stadium III huidmelanoom hebben ondergaan, adjuvant behandeld. Het gevolg is dat ook het 

deel van de patiënten bij wie de ziekte nooit gerecidiveerd zou zijn, blootgesteld wordt aan de 

mogelijk ernstige bijwerkingen van een dergelijke behandeling. 

Dendritische cel vaccinatie als systemische therapie in het huidmelanoom
Dendritische cel (DC) vaccinatie is een vorm van experimentele immuuntherapie waar onze 

onderzoeksgroep veel onderzoek naar doet. DC vaccinatie maakt, zoals de naam al zegt, 

gebruik van dendritische cellen welke onder normale omstandigheden fungeren als een soort 

poortwachters in het lichaam. DC’s zijn continue op zoek naar lichaamsvreemde eiwitten 

(antigenen) die zich kunnen bevinden aan de buitenkant van lichaamsvreemde cellen zoals 

bacteriën, virus-geïnfecteerde cellen en ook kankercellen. Het immuunsysteem gebruikt deze 

antigenen om een onderscheid te kunnen maken tussen lichaamsvreemde en lichaamseigen 

cellen. DC’s hebben hierin een centrale rol: DC’s nemen lichaamsvreemde antigenen op, 

worden volwassen (matuur), plaatsen de desbetreffende antigenen op hun buitenkant en 

verplaatsen zich vervolgens naar nabijgelegen lymfeknopen. In de lymfeknopen laten de DC’s 

aan cytotoxische T-cellen zien welke lichaamsvreemde antigenen ze hebben aangetroffen. 

Daarop vermenigvuldigen deze T-cellen zich, verlaten de lymfeknoop en zoeken en vernietigen 

de (kanker)cellen die deze lichaamsvreemde antigenen bij zich dragen.

Als er sprake is van kanker, betekent dit dat DC’s of cytotoxische T-cellen door een 

verscheidenheid aan mogelijke oorzaken hun taak niet goed hebben uitgevoerd. Door patiënten 

te behandelen met DC vaccinatie wordt getracht dit te corrigeren en de anti-kanker werking 

van het immuunsysteem te verbeteren, dan wel op te wekken. Om een DC vaccin te maken, 

worden eerst DC’s (of voorlopercellen daarvan) afgenomen van de patiënt door middel van een 

bloedfiltratie (aferese). In het geval van voorlopercellen worden deze eerst in het laboratorium 

opgekweekt tot DC’s. Vervolgens worden de DC’s gematureerd en beladen met, in het geval van 

een melanoombehandeling, melanoom-specifieke antigenen. De DC’s worden vervolgens weer 

toegediend aan de patiënt met als doel het immuunsysteem (en dan met name de cytotoxische 

T-cellen) te activeren tegen het melanoom (figuur 2). 
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Figuur 2: De normale anti-kanker immuunreactie en de werking van dendritisch cel vaccinatie. 
Een normale anti-kanker immuunreactie, in dit geval is een anti-melanoom immuunreactie weergegeven, 
begint met dendritische cellen (DC’s). DC’s zijn in staat lichaamsvreemde eiwitten (antigenen) op 
melanoomcellen te herkennen (A), op te nemen en te plaatsen op hun buitenkant (B). De DC’s verplaatsen 
zich vervolgens naar de lymfeknoop om daar cytotoxische T-cellen te activeren (C). Deze T-cellen 
verplaatsen zich daarna naar de tumor en vernietigen de tumorcellen die de melanoom-antigenen bij zich 
dragen (D). Tijdens DC vaccinatie (E) worden met melanoom-antigeen beladen DC’s toegediend met als 
doel de anti-melanoom reactie te versterken, dan wel op te wekken. Afkorting: DC, dendritische cel. 

Het door onze groep verrichte onderzoek naar DC vaccinatie heeft ons een aantal belangrijke 

zaken geleerd:

• DC vaccinatie gaat bijna uitsluitend gepaard met niet meer dan slechts milde bijwerkingen 

zoals vermoeidheid, griepachtige verschijnselen of een milde ontstekingsreactie op de 

injectieplaats. Dit gunstige bijwerkingenprofiel is in sterk contrast met doelgerichte 

therapie en immuuntherapie welke, zoals eerder aangegeven, wel gepaard gaan met 

ernstige bijwerkingen in een deel van de patiënten. 

• DC vaccinatie is inderdaad in staat cytotoxische T-cellen te activeren. 

• Desondanks, blijken er maar weinig patiënten met stadium IV huidmelanoom te reageren 

op de behandeling met DC vaccinatie.

Dat DC vaccinatie in sommige patiënten met gemetastaseerd huidmelanoom in staat blijkt 

cytotoxische T-cellen te activeren maar dat er maar weinig van deze patiënten reageren op 

de behandeling lijkt tegenstrijdig. Echter, dit heeft mogelijk te maken met het feit dat er in 

het geval van gemetastaseerd huidmelanoom veel tumorcellen (en aan tumorcellen gelieerde 

immuunsysteem-onderdrukkende factoren) aanwezig zijn die de werking van geactiveerde 

cytotoxische T-cellen kunnen remmen en verstoren. Daarom zou DC vaccinatie mogelijk 
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effectiever kunnen zijn als het wordt toegepast als adjuvante behandeling. Dit omdat er na 

operatieve verwijdering van lymfogene uitzaaiingen veel minder melanoomcellen aanwezig zijn 

die de werking van de, door DC vaccinatie, geactiveerde T -cellen kunnen verstoren. 

Vanwege de gedachte dat DC vaccinatie mogelijk effectiever is als adjuvante behandeling, heeft 

onze onderzoeksgroep zich de laatste jaren steeds meer gericht op deze toepassing. Uit dit 

onderzoek bleek dat er na adjuvante DC vaccinatie meer geactiveerde T-cellen konden worden 

gevonden dan het geval was na DC vaccinatie bij het gemetastaseerd huidmelanoom. Daarnaast 

zijn er ook aanwijzingen dat adjuvante DC vaccinatie het leven van patiënten met stadium III 

huidmelanoom kan verlengen. Mede op basis van deze resultaten is onze onderzoeksgroep in 

2016 de MIND-DC studie gestart, een onderzoek in een grote groep patiënten met als doel de 

werking van DC vaccinatie als adjuvante behandeling definitief aan te tonen. 

Systemische behandeling van het oogmelanoom
In tegenstelling tot patiënten met gemetastaseerd huidmelanoom hebben patiënten met 

gemetastaseerd oogmelanoom zeer weinig baat bij checkpoint blokkade en doelgerichte 

therapie. Omdat BRAF-mutaties niet voorkomen in het oogmelanoom, is doelgerichte therapie 

met BRAF-MEK remming niet werkzaam voor deze ziekte. Ook andere soorten doelgerichte 

therapie zijn tot nu toe heel erg weinig effectief gebleken. Checkpoint blokkade is mogelijk iets 

effectiever, met name als ipilimumab en nivolumab worden gecombineerd, maar vergeleken 

met de effectiviteit van checkpoint blokkade in het gemetastaseerde huidmelanoom vallen ook 

deze resultaten erg tegen. Vanwege de zeer beperkte werkzaamheid van checkpoint blokkade 

en doelgerichte therapie is de gemiddelde levensverwachting van patiënten met uitgezaaid 

oogmelanoom al decennia niet verbeterd en blijft deze met ongeveer 6 tot 12 maanden erg 

slecht. Daarnaast bestaat er ook geen effectieve adjuvante behandeling voor het oogmelanoom 

wat dus betekend dat artsen geen middelen tot hun beschikking hebben om de grote kans op 

recidief na de lokale behandeling van deze ziekte te verkleinen. 

Het doel van dit proefschrift

Het onderzoek gepresenteerd in dit proefschrift heeft als doel meer inzicht in beide ziekten 

te verkrijgen om uiteindelijk de immuuntherapeutische behandeling van zowel huid- als 

oogmelanoom te verbeteren. Allereerst werd onderzocht of, en in welke mate, er immuuncellen 

voorkomen in het oogmelanoom. Dit om de immuunreactie in het oogmelanoom beter te 

begrijpen en aanknopingspunten te vinden voor de verdere verbetering van immuuntherapie 

voor de behandeling van deze ziekte. Daarnaast werd de behandeling van het huidmelanoom 

onderzocht en de mogelijke rol van (adjuvante) DC vaccinatie hierin. 
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Bevindingen beschreven in dit proefschrift

Immuuncellen in het oogmelanoom
Na de introductie van dit proefschrift (hoofdstuk 1), waarin de eigenschappen en behandeling 

van zowel huid- als oogmelanoom worden beschreven, wordt in hoofdstuk 2 een onderzoek naar 

de aanwezigheid van immuuncellen in het oogmelanoom gepresenteerd. Het bleek dat, van de 

soorten immuuncellen die onderzochten werden, cytotoxische T-cellen het meest voorkomen. 

Zoals besproken hebben deze cytotoxische T-cellen een zeer belangrijke rol in het opruimen 

van kankercellen door het immuunsysteem. Daarom zou de aanwezigheid van cytotoxische 

T-cellen kunnen betekenen dat immuuntherapie wel degelijk ook succesvol zou kunnen zijn 

in het gemetastaseerde oogmelanoom. Echter, de beperkte werkzaamheid van de huidige 

vormen van immuuntherapie is een indicatie dat er naar andere soorten immuuntherapie 

moet worden gezocht om gebruik te kunnen maken van de aanwezigheid van deze T-cellen. 

Naast cytotoxische T-cellen werden er ook andere immuuncellen gevonden, zoals B-cellen 

en zogenaamde regulatoire T-cellen. Ook deze immuuncellen hebben waarschijnlijk een 

belangrijke rol in de reactie van het immuunsysteem tegen het oogmelanoom wat mogelijk 

aanknopingspunten biedt voor verder onderzoek. 

De behandeling van huidmelanoom en de rol van dendritische cel 
vaccinatie hierin

De rest van dit proefschrift richt zich op de behandeling van stadium III en stadium IV 

huidmelanoom en de rol van (adjuvante) DC vaccinatie hierin. In hoofdstuk 3 is een 

artikel weergeven welke de huidige rol van DC vaccinatie in de oncologie bespreekt. In dit 

overzichtsartikel worden de belangrijkste publicaties besproken betreffende de toepassing 

van DC vaccinatie in de behandeling van de 4 soorten kanker waarin DC vaccinatie het meest 

uitvoerig is onderzocht. Daarnaast worden ook de argumenten gegeven die pleiten voor het 

toepassen van DC vaccinatie in de adjuvante setting en in combinatie met checkpoint blokkade. 

Deze argumenten vormen de basis voor de rest van het werk gepubliceerd in dit proefschrift.

Snel recidiverende ziekte na operatieve verwijdering van stadium III 
huidmelanoom
Adjuvante behandeling wordt, zoals eerder aangegeven, gestart in de afwezigheid van 

detecteerbare (lymfogene) metastasen. Voorheen werd meestal alleen voor de operatie 

een CT- of PET-scan verricht. Dit om de aanwezigheid van (afstands)metastasen die niet 

operatief te verwijderen zijn, uit te sluiten. Vaak werden patiënten als ziektevrij beschouwt 

als de operatieve verwijdering van lymfogene metastasen succesvol was verlopen en er op 

de scan voor de operatie geen andere metastasering werd gezien. Echter, na de operatieve 
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verwijdering van de lymfogene metastasen kan het een aantal weken duren voordat adjuvante 

behandeling daadwerkelijk wordt gestart. In deze korte periode gebeurt het wel eens dat de 

ziekte inmiddels weer is gerecidiveerd. Hoe vaak zulke snel recidiverende ziekte optreedt en of 

het zinvol zou zijn patiënten opnieuw te scannen na de operatie en voor de start van adjuvante 

therapie was nog niet bekend. Dit is belangrijk omdat het starten van adjuvante therapie terwijl 

er niet-ontdekte detecteerbare metastasen aanwezig zijn, nadelige gevolgen kan hebben voor 

de patiënt.

In de studie beschreven in hoofdstuk 4 werd onderzocht hoeveel patiënten tussen operatieve 

verwijdering van lymfogene metastasen en de beoogde start van de adjuvante therapie een 

recidief bleken te hebben. In maar liefst 18% van de patiënten die in deze periode een CT-

scan kregen, kon zulke snel recidiverende ziekte worden gevonden. Als deze patiënten niet 

opnieuw een scan hadden gekregen voor de start van adjuvante behandeling, zou het recidief 

pas gevonden zijn tijdens de behandeling. Hierdoor kan het lijken alsof het huidmelanoom 

gerecidiveerd is tijdens de adjuvante behandeling terwijl het dus bij de start al aanwezig was. 

De mogelijkheid bestaat dan dat artsen hieruit de conclusie trekken dat het melanoom niet 

gevoelig is voor de vorm van therapie die als adjuvante behandeling wordt gegeven en dat 

dit (mogelijk werkzame) medicijn gestopt wordt. Het tijdig ontdekken van snel recidiverende 

ziekte kan een dergelijke verkeerde conclusie voorkomen en er voor zorgen dat beter kan 

worden ingeschat wat de beste behandeling is voor de patiënt. In plaats van de oorspronkelijke 

gekozen behandeling zou dit namelijk ook een nieuwe operatie of een ander soort systemische 

therapie kunnen zijn. Dit onderzoek toont het belang aan van het opnieuw scannen van 

patiënten met operatief verwijderd stadium III huidmelanoom voordat er gestart wordt met 

adjuvante therapie. 

Synergie tussen dendritische cel vaccinatie en checkpoint blokkade
DC vaccinatie en checkpoint blokkade zouden elkaar kunnen versterken als ze gecombineerd 

worden toegediend aan patiënten met huidmelanoom. Deze hypothese is gebaseerd op het idee 

dat DC vaccinatie cytotoxische T-cellen activeert terwijl checkpoint blokkade deze geactiveerde 

cytotoxische T-cellen ontremd, waardoor er dus mogelijk synergie optreedt tussen de twee 

behandelingen. Zulke synergie zou kunnen optreden als DC vaccinatie en checkpoint gelijktijdig 

worden gegeven. Het zou ook kunnen dat de twee vormen van therapie elkaar versterken als 

ze sequentieel (na elkaar) gegeven worden, waarbij er ook geruime tijd (jaren en maanden) 

tussen het toedienen van de twee vormen van therapie kan zitten. 

In de lijn van die laatste gedachte wordt in hoofdstuk 5 een studie gepresenteerd waarin 

onderzocht werd of het inderdaad zo is dat een groter deel van de patiënten met gemetastaseerd 

huidmelanoom reageert op checkpoint blokkade als ze eerder behandeld zijn met adjuvante 

DC vaccinatie. De medische gegevens werden onderzocht van patiënten die in het verleden 
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behandeld zijn met adjuvante DC vaccinatie maar desondanks een recidief kregen waarvoor 

ze op een later moment behandeld moesten worden met checkpoint blokkade. De patiënten 

werden verdeeld in 3 groepen: een groep die PD-1 blokkade (alleen nivolumab of pembrolizumab) 

kreeg na DC vaccinatie; een groep die alleen ipilimumab kreeg na DC vaccinatie en een groep 

die gecombineerde behandeling kreeg met ipilimumab en nivolumab na DC vaccinatie. Het 

bleek dat 52% van de patiënten die eerder waren behandeld met adjuvante DC vaccinatie een 

goede reactie vertoonden op PD-1 blokkade. Dit is vergelijkbaar met de kans op een goede 

respons (51%) zoals gevonden in eerdere studies (door andere onderzoekgroepen) waarin PD-1 

blokkade werd gegeven zonder voorafgaande DC vaccinatie. In de twee andere behandelgroepen 

in deze studie (de patiënten behandeld met alleen ipilimumab of ipilimumab gecombineerd 

met nivolumab) leek de kans dat patiënten reageerden op de behandeling mogelijk wel groter 

als ze eerder met DC vaccinatie waren behandeld. In de ipilimumab-behandelde groep werd 

een responskans van 35% gevonden, wat meer is dan de 11-19% beschreven in de literatuur bij 

patiënten behandeld met ipilimumab zonder voorafgaande DC vaccinatie. In de groep patiënten 

behandeld met ipilimumab gecombineerd met nivolumab was de kans op een goede respons 

75%, ten opzichte van 59% eerder gerapporteerd in de literatuur. Helaas waren de laatste 

twee groepen patiënten in onze studie niet geheel vergelijkbaar met de patiënten beschreven 

in de literatuur waardoor de vergelijkingen met de literatuur niet geheel betrouwbaar 

waren. Hierdoor kon niet met zekerheid worden vastgesteld of behandeling met ipilimumab 

of ipilimumab + nivolumab daadwerkelijk effectiever wordt door eerdere behandeling met 

adjuvante DC vaccinatie. Ondanks deze kanttekening wekken deze resultaten wel de suggestie 

dat de verschillende soorten checkpoint blokkade op zijn minst even goed werken als er op een 

eerder moment adjuvante DC vaccinatie is toegediend. 

Op dit moment is PD-1 blokkade de meest toegepaste vorm van adjuvante behandeling van 

het huidmelanoom. Aan de hand van de resultaten gepresenteerd in hoofdstuk 5, stelden we 

dat DC vaccinatie mogelijk een goede alternatieve adjuvante behandeling zou kunnen zijn. 

Hiervoor droegen we twee argumenten aan. Ten eerste heeft DC vaccinatie een veel milder 

bijwerkingsprofiel dan adjuvante PD-1 blokkade. Ten tweede kan het vervangen van adjuvante 

PD-1 blokkade door adjuvant DC vaccinatie ervoor zorgen dat er meer vormen van behandeling 

beschikbaar zijn voor patiënten als er ondanks adjuvante behandeling toch een recidief 

optreedt. Het is namelijk zo dat DC vaccinatie weinig werkzaam is in stadium IV ziekte terwijl 

PD-1 blokkade dit wel is. Daarnaast lijkt het niet zinvol om patiënten die ondanks adjuvante 

PD-1 blokkade toch een stadium IV huidmelanoom krijgen, opnieuw te behandelen met PD-1 

blokkade. Daarom, als patiënten behandeld zouden worden met adjuvante DC vaccinatie in 

plaats van adjuvante PD-1 blokkade kan dit laatste middel nog worden toegepast voor de 

behandeling van eventueel later optredende gemetastaseerde ziekte. Omdat DC vaccinatie 

als het alleen wordt gegeven niet werkzaam is in stadium IV gaat er, als DC vaccinatie als 

adjuvante behandeling wordt gebruikt geen therapie verloren voor de behandeling van stadium 
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IV huidmelanoom als er toch een recidief optreedt. Helaas, ondanks de mogelijke voordelen van 

adjuvante DC vaccinatie bleek, enkele maanden na de publicatie van het artikel weergegeven 

in hoofdstuk 5, in een tussentijdse analyse van de MIND-DC dat adjuvante DC vaccinatie de 

kans op een recidief niet verkleint. Daarom lijkt het onwaarschijnlijk dat DC vaccinatie binnen 

afzienbare tijd een rol krijgt in de adjuvante behandeling van het huidmelanoom.

Zoals eerder aangegeven is het behandelen stadium IV huidmelanoom met alleen DC vaccinatie 

weinig effectief. Dit sluit echter niet uit dat gelijktijdige behandeling met DC vaccinatie en 

checkpoint blokkade wel een goede werkzaamheid heeft. Simultane toediening is misschien 

wel effectiever dan sequentiële toediending zoals onderzocht in hoofdstuk 5. Daarom heeft 

onze onderzoeksgroep een medische studie ontworpen die als doel heeft de effectiviteit van de 

combinatietherapie met nivolumab en DC vaccinatie te onderzoeken voor de behandeling van 

patiënten met stadium IV huidmelanoom. Dit protocol is weergegeven in hoofdstuk 6. Naast 

dat dit protocol is ontworpen om de effectiviteit en veiligheid van de combinatie te onderzoeken 

maakt de afname van tumorweefsel en bloed diepgaand onderzoek naar de werking en 

beïnvloeding van het immuunsysteem mogelijk. Een studie gebaseerd op het protocol is in 

afwachting van de meer gedetailleerde immunologische resultaten van de MIND DC nog niet 

gestart. Dit omdat de verdere analyses zouden kunnen bijdragen aan het verbeteren van de 

studieopzet. 

In het laatste hoofdstuk van deze thesis, hoofdstuk 7, zijn de resultaten van dit proefschrift 

samengevat en wordt de relevantie van dit onderzoek voor de toekomstige behandeling van 

zowel het gemetastaseerde huid- als het gemetastaseerde oogmelanomen bediscussieerd. 

Er werden daarnaast perspectieven geboden die de behandeling van, en het onderzoek naar, 

beide ziekten verder zouden kunnen helpen. In dit deel van het proefschrift worden ook de 

voorlopige resultaten van de MIND-DC studie samengevat en werden ideeën aangedragen hoe 

DC vaccinatie verder verbeterd zou kunnen worden. 

Conclusie

Er is nog een lange weg te gaan om de behandeling van patiënten met (lymfogeen) 

gemetastaseerd huid- en oogmelanoom verder te verbeteren. Door middel van het onderzoek 

gepresenteerd in dit proefschrift werd geprobeerd inzicht te verkrijgen in hoe zulke 

verbeteringen gerealiseerd zouden kunnen worden.  

Tijdens het onderzoek naar immuuncellen in het oogmelanoom werden onder andere 

aanwijzingen gevonden dat er misschien wel degelijk mogelijkheden zijn om deze ziekte op 

een effectieve manier te behandelen met immuuntherapie.
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Met betrekking tot het huidmelanoom, werd duidelijk dat het raadzaam is om patiënten met 

stadium III huidmelanoom opnieuw te scannen nadat ze geopereerd zijn en voordat adjuvante 

behandeling wordt gestart. Dit omdat als eventueel aanwezige snel recidiverend ziekte niet 

tijdig wordt ontdekt de behandeling op een later moment ernstig verstoord kan worden. Verder 

werd de mogelijk synergie tussen DC vaccinatie en checkpoint blokkade onderzocht. In het 

kader hiervan lijkt checkpoint blokkade gegeven na adjuvante DC vaccinatie op zijn minst even 

effectief vergeleken met checkpoint blokkade zonder eerdere adjuvante DC vaccinatie. Toen het 

desbetreffende artikel werd gepubliceerd zagen we dit als een aanwijzing dat DC vaccinatie, 

mede gezien het milde bijwerkingsprofiel, een mogelijk geschikte vorm van adjuvante 

behandeling zou kunnen zijn. Daarnaast hebben we ook een protocol geschreven voor een 

studie die ons in staat zou stellen de effectiviteit en veiligheid van gelijktijdige toediening van DC 

vaccinatie en checkpoint blokkade te onderzoeken. Helaas bleek na een tussentijdse analyse 

van de MIND-DC dat de door ons gebruikte vorm van DC vaccinatie de kans op een recidief na 

resectie van een stadium III huidmelanoom niet verkleint. Dit betekent dat de resultaten MIND-

DC uitvoerig onderzocht dienen te worden en houdt waarschijnlijk in dat voordat DC vaccinatie 

een rol krijgt in het behandellandschap van huidmelanoom er eerst verder onderzoek moet 

worden gedaan naar de verdere verbetering van DC vaccinatie. 
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Research data management

RESEARCH DATA MANAGEMENT

This thesis is based on the results of human studies, which were conducted in accordance 

with the principles of the Declaration of Helsinki. The appropriate medical and ethical review 

board Committee on Research Involving Human Subjects have given approval to conduct these 

studies.  

As far as applicable, the written informed consent obtained from patients were scanned and 

stored into the EPIC electronic medical record system (EPIC systems cooperation; Verona, 

WI) and/or stored on the departments’ H-drive ((H:) TILdata$ (\\UMCFS059)\DCVACCI\ which 

is a secured directory. The paper informed consents were stored in the Radboudumc, tumour 

immunology lab, room M850.05.031, in the room’s locked closet. 

The privacy of the participants in this study is warranted by use of encrypted and unique 

individual subject codes. The patient data for the analyses of the studies as presented in chapter 

2, 4 and 5 is stored on the departments’ H-drive ((H:) TILdata$ (\\UMCFS059)\DCVACCI\sleutel\

Klinische Bestanden\Wouter) in SPSS format. Additional source data, such as pathology 

reports and GraphPad source files used in chapter 3 can also found in this directory. Multiplex 

immunohistochemistry source files are stored on the departments’ VECTRA data storage and 

on portable hard-disks stored by Mark Gorris. The data analysed during these studies are 

available from the corresponding author on reasonable request.
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PHD Portfolio

PHD PORTFOLIO

Name PhD candidate: WW van Willigen
Department: Tumour Immunology Lab (TIL)
Graduate School: Radboud Institute for 
Molecular Life Sciences (RIMLS)

PhD period: 01-07-2017 – 01-07-2020
Promotor(s): Prof. dr. I.J.M. de Vries, Prof. dr. 
W.R. Gerritsen
Co-promotor(s): Dr. K.F. Bol, Dr. G. Schreibelt

Year(s) ECTS

TRAINING ACTIVITIES
a) Courses & Workshops

- Introduction day Radboudumc
- In the lead course
- Academic writing course
- BROK course (for PhD candidates who perform research involving 

human subjects and/or patients) 
- RIMLS PhD Retreat
- Scientific Integrity course #
- Within Sight of my PhD

2017
2017
2017

2017
2018, 2019
2019
2019

0.5
0.75
1.75

1.75
2
1
1

b) Seminars & lectures
- Radboud Research Rounds
- Lecture series
- ECCO-AACR-EORTC-ESMO Workshop on Methods in Clinical Cancer 

Research *

2017-2020
2017-2020

2018

0.3
0.3

1.75

c) Symposia & congresses
- Win-O multidisciplinair symposium melanoom
- Radboud New Frontiers Symposia 
- ESMO Preceptorship on Immuno-Oncology

2017-2019
2018, 2019
2019

0.75
1
1.75

d) Other
- Oral presentation at the BMS-Radboudumc strategy meeting *
- Peer review scientific paper

2018

2019

0.25

0.1

TEACHING ACTIVITIES
e) Lecturing

- Immunotherapy course for nurses
- Immunotherapy course for medical students
- Meet the Patient for medical students
- Dendritic cell based therapy for medical students at the VUMC

2017-2019
2018, 2019
2019

2019

1
0.5
0.3

0.2

f) Supervision of internships / other
- Supervision of bachelor student Yongxin Liang 2018 1.75

TOTAL 18.7

Oral and poster presentation are indicated with * and # respectively. 
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Dankwoord

DANKWOORD

Allereerst wil ik alle patiënten bedanken die tijdens mijn promotietraject, en in vele jaren 

daarvoor, hebben deelgenomen aan de verschillende klinische onderzoeken die onze afdeling 

heeft opgezet. U brengt grote offers om ons onderzoek mogelijk te maken. In veel gevallen 

moest u letterlijk van de andere kant van het land komen om invasieve onderzoeken en 

behandelingen te ondergaan, waarbij u ook regelmatig lang moest wachten. Mijn dank gaat ook 

uit naar uw familieleden die u ondersteund hebben tijdens deze moeilijke tijd. De wetenschap 

kan niet zonder u, wij zijn u veel verschuldigd.   

Vervolgens wil ik graag de leden van mijn promotieteam bedanken.

Professor de Vries, beste Jolanda, bedankt voor de kans die je mij gegeven hebt om bij je te 

mogen promoveren. Met bewondering heb ik gezien hoe jij met een uitzonderlijke efficiëntie 

de afdeling draaiende houdt en je PhD-studenten begeleidt. Bedankt voor al het advies en 

bemoedigende woorden die mij het vertrouwen gaven dat het met mijn proefschrift wel goed 

zou komen.

Professor Gerritsen, beste Winald, ik ervoer onze wekelijkse patiënten-overlegmomenten 

altijd als erg prettig. Ik kreeg van je het vertrouwen om de patiëntenzorg grotendeels naar 

eigen inzicht te regelen en als ik dan toch advies nodig had was je altijd telefonisch bereikbaar. 

Hoeveel je ook te doen had, ik werd altijd rustig te woord gestaan. In mijn verdere carrière hoop 

ik in staat te zijn het volgende advies van je te kunnen opvolgen: ‘Hoe druk je het ook hebt, je 

moet altijd een alles overheersende rust uitstralen’. Dank je wel voor alles.

Beste Kalijn, wat een passie heb jij voor de wetenschap! Ik vind het bijna ongelofelijk te zien 

wat jij allemaal doet in je professionele leven. Je hebt een heel groot aandeel gehad in het 

tot stand komen van dit proefschrift. Dank je wel voor al het bijzonder goede en uitgebreide 

commentaar op mijn schrijfwerk en je inhoudelijke adviezen. Jou ontgaat letterlijk niets en ik 

heb heel veel van je geleerd. Hoewel ik nu naar de andere kant van het land ben verhuisd en 

we geen directe collega’s meer zullen zijn, twijfel ik er niet aan dat ik nog veel van je ga horen. 

Beste Gerty, met jouw kennis was jij voor mij als een gids in de wondere wereld van de 

immunologie. In mijn ogen is er niets waar je geen antwoord op hebt op dit gebied. Je deur 

stond altijd open voor overleg, dank je wel!

Mijn dank gaat ook uit naar de leden van de manuscriptcommissie, prof. dr. I. Joosten, prof. dr. 

J.E.E. Keunen en prof. dr. C. Verhoef voor het beoordelen van mijn manuscript. 

Natuurlijk is dit dankwoord niet compleet zonder dat ik mijn directe MIND-DC collega’s, 

Martine en Simone heb bedankt. 
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Martine, toen ik je, voordat mijn promotie begon, een kort mailtje stuurde met de vraag of ik 

me alvast kon inlezen, kreeg ik een uitgebreide mail van je terug met wel 10 artikelen en het 

gehele MIND-DC protocol. Het is tekenend voor de manier waarop jij je werk doet, altijd met 

volledige overgave en altijd zeer uitgebreid en correct. Ik vond het altijd heel gezellig om met 

je samen te werken en ik heb je het laatste jaar van mijn promotie (toen jij al klaar was) erg 

gemist. Martine, een betere collega had ik me niet kunnen wensen en je wordt ongetwijfeld 

een uitstekend oncoloog.

Beste Simone, jij verdient absoluut een prominente plaats in dit dankwoord. Samen hebben 

we op honderden momenten patiënten gezien in het kader van de MIND-DC. Zonder jouw 

logistieke talenten en je organisatorische vaardigheden was ik reddeloos verloren geweest. 

Behalve voor mij was je ook een grote steun voor alle patiënten die bij jou oprechte interesse 

en een luisterend oor vonden. Mijn dank is groot, zonder jou was dit boekje een stuk later af 

geweest. 

Beste Eline, bedankt voor de talloze gezellige ‘AE-meetings’ die ik met je gehad heb, bedankt 

ook voor het ‘bewaken’ en verwerken van alle data van de MIND-DC. 

Beste Karin, Koos en Marye, heel veel dank voor de supervisie tijdens de zorg voor de patiënten, 

ik heb veel van jullie geleerd.

Daarnaast zijn er nog een hele hoop meer mensen die keihard hebben gewerkt om de MIND-

DC en de eerdere vaccinatiestudies (waarop dit proefschrift gedeeltelijk rust) tot een goed 

einde te brengen. Allereerst wil ik de chirurgen bedanken die hun uiterste best hebben 

gedaan de patiënten te verwijzen, met name onze ‘eigen’ chirurgen, Annelies, Han en Hans 

wil ik in het bijzonder bedanken. Willeke en Avital, bedankt voor het uitvoeren van de vele 

mutatie-analyses en herbeoordelingen. Sandra, bedankt voor de supervisie wat betreft de 

afereses. Annemiek, Carlijn, Jeanette, Kevin, Mandy, Nicole, Ruud, Tjitske, Tom en Valeska, 

als analisten verzetten jullie bergen werk achter de schermen en zonder jullie is het tumor-

immunologie lab (TIL) nergens. Jullie zijn de kurk waarop de afdeling drijft. Misschien gaan jullie 

mijn regelmatige bezoekjes aan jullie hoekje van het lab wel missen. Anna, Jeanine, Monique 

en Nienke dank jullie wel voor het goedkeuren van de vaccins zodat wij deze veilig aan de 

patiënten konden toedienen. Voor het daadwerkelijk toedienen van de vaccins wil ik graag Erik, 

Martin, James en Roel bedanken, hoe jullie toch elke keer die naald in de lymfeklieren kregen, 

ik vind het erg knap, dank jullie wel! Bedankt, Wilmy en Michelle, voor het afnemen van al de 

huidbiopten. Beste doktersassistenten en iedereen van het patiëntensecretariaat, bedankt 

voor het afnemen van alle buisjes bloed, alle controles en het doen van alle administratie en 

de planning. Esther, Ilja, Marijke en Natascha bedankt voor jullie hulp in het managen van de 

onmogelijke agenda’s van al die professoren en specialisten. Bedankt ook aan iedereen van 
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de tumorwerkgroep voor al hun expertise om de zorg van alle melanoompatiënten zo goed 

mogelijk uit te stippelen. 

Daarnaast wil ik iedereen van het TIL, die niet direct betrokken waren bij de MIND-DC, 

bedanken voor hun onmisbare hulp. Beste Mark en Kiek, wat zijn jullie een goed team en 

prettig om mee samen te werken! Mark, bedankt voor je geduld als ik weer eens verstrikt was 

geraakt in een web van FlowJo-gates. Kiek, dank je wel voor het overzicht houden in de talloze 

oogmelanoom-samples en je grote hulp, enthousiasme en interesse in ons oogmelanoom 

project.  

Beste mede-onderzoekers, Dide, Eline, Gerben, Janneke, Jorien, Karin, Kim, Maarten, Maike, 

Marije, Mark, Minke, Sandra, Sarah, Vicky en Wim; de werkplek die ik de eerste anderhalf 

jaar van mijn promotie met een groot deel van jullie deelde, was door ons omgedoopt in ‘the 

Dungeon’. Dat was terecht want als ik uit het raam keek, keek ik 3 meter verderop tegen 

een kale muur. Dankzij jullie was het een fijne werkplek. Ik heb genoten van alle Champions 

League avondjes in de Irish Pub. 

Beste Wim, een betere kamergenoot voor de eerste anderhalf jaar van mijn promotie had ik me 

niet kunnen wensen. Bedankt voor alle gezelligheid, advies en rust. 

Beste Franka, Inge, Jeroen, Jessie en Shabaz; anderhalf jaar lang heb ik met jullie in ‘the 

Graveyard’ mogen doorbrengen. Als jullie spraken over ‘(data-)fitten’, dacht ik aan een 

sportschool en als jullie het over ‘trainen’ hadden, zat ik in gedachten op mijn racefiets. Jullie 

doen allemaal prachtig onderzoek wat gaat leiden tot hele mooie publicaties en proefschriften. 

Bedankt voor al jullie gezelligheid, hulp en adviezen. 

Beste Jeroen, jou wil ik in het bijzonder bedanken voor het overnemen van de patiëntenzorg 

als ik afwezig was. Met je secure manier van werken, je medische kennis en je hart voor de 

patiënt kan het niet anders dan dat je later een steengoede internist wordt. 

Beste Harm, bedankt voor de fijne gesprekken en adviezen, ik heb een groot respect voor je 

deskundigheid en enthousiasme in alles wat je doet. 

Zonder mijn fantastische vrienden en vriendinnen, bij wie ik weer kon opladen als ik niet aan 

het werk was, was dit boekje er nooit gekomen. Lieve ex-bestuursgenoten van uros, bedankt 

voor de vele spelletjesavonden, BBQ’s, weekendjes in de Ardennen etc. Dankzij jullie heb ik 

altijd een plekje in mijn studentenstad Maastricht. Beste oud-studiegenoten van ‘Maastricht 

United’, dank jullie voor al jullie gezelligheid, ik kijk altijd erg uit naar onze weekendjes. Lieve 

Irene, Lot en Karlijn, dank jullie wel voor jullie gezelligheid in Nijmegen. Lieve Currimusjes, 
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hoewel sommigen van jullie al lang geen student meer zijn, zijn jullie de op een-na-leukste 

studentenhardloopvereniging die ik ken. Dankzij jullie voel ik me nog meer op mijn plek in de 

regio Leiden. Lieve Juliet, zullen we afspreken dat je nog een lange tijd in Leiden blijft wonen? 

Lieve Lida, Gido, Simon, Koen en Michelle, ik ben erg blij dat ik jullie nog steeds regelmatig 

zie. 

Beste Daan, we kennen elkaar al sinds we net konden lopen en naar elkaar ‘hallo!’ konden 

roepen door de schutting die de achtertuinen van onze ouders scheidde. Hoewel we elkaar niet 

eens zo vaak zien, ben je een van mijn beste vrienden. Gaan we snel weer wielrennen?

Geachte prof. dr. Fijter, prof. dr. de Lange, dr. Arbous, dr. Mauritz en dr. Koster heel veel dank 

voor jullie vertrouwen in mij waardoor ik nu de opleiding tot internist-intensivist mag volgen in 

de regio Leiden. Een grote wens die uitkomt! 

Lieve Bert en Margriet, pap en mam, dank jullie wel voor al het wijze advies en al die momenten 

waarop jullie een luisterend oor boden. Bedankt voor jullie steun en vertrouwen tijdens dit 

promotietraject (en natuurlijk ook tijdens de rest van mijn leven daarvoor). Als ik alles moet 

opschrijven waar ik jullie dankbaar voor ben kan ik nog een boekje vullen, daarnaast denk ik 

ook niet dat ik er de woorden voor kan vinden. 

Lieve Bettine, lief zusje, inmiddels ben je ook zelf aan een promotietraject begonnen en 

met jouw sociale persoonlijkheid en intelligentie moet dat eigenlijk geen probleem worden. 

Bedankt voor je steun tijdens mijn PhD. 

Lieve lieve Marloes, meer dan 8 jaar hebben we ieder weekend het hele land doorgereisd om 

elkaar te kunnen zien. Hoeveel tegenslagen en teleurstellingen ik ook heb gehad gedurende 

de week, als ik bij jou ben valt alles onmiddellijk van me af. Elk weekend met jou is een feest, 

moet je nagaan hoe blij ik ben dat ik nu voortaan ook tijdens de rest van de week bij je mag zijn. 

Het is een kansloze opgave om in dit dankwoord te beschrijven hoe gelukkig ik met je ben. Ik 

hou van je.
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Curriculum vitae

CURRICULUM VITAE

Wouter van Willigen werd geboren op 26 juni 1989 te Nijmegen. Het voortgezet onderwijs 

genoot hij aan het Farel College te Amersfoort en het Lorentz Casimir Lyceum te Eindhoven 

waar hij in 2007 zijn eindexamen behaalde. In 2007 startte hij met de studie moleculaire 

levenswetenschappen aan de Universiteit van Maastricht waarna in 2008 werd begonnen 

aan de studie geneeskunde aan diezelfde universiteit. In 2014 behaalde hij zijn master 

geneeskunde en begon hij als arts-assistent niet in opleiding (ANIOS) op de spoedeisende 

hulp in het Elkerliek ziekenhuis te Helmond. Hierna werkte hij een jaar als ANIOS interne 

geneeskunde in het Sint Elisabeth ziekenhuis te Tilburg. In 2016 werd hij aangenomen voor de 

opleiding interne geneeskunde en was hij een jaar in opleiding in het Jeroen Bosch Ziekenhuis 

te Den Bosch (opleider: dr. W. Smit, hoofdopleider prof. dr. J. de Graaf en later dr. G.M.M. 

Vervoort). In juli 2017 onderbrak hij tijdelijk zijn opleiding om promotieonderzoek te doen bij de 

afdeling Tumor Immunologie van het Radboudumc te Nijmegen (promotoren prof. dr. I.J.M. de 

Vries en prof. dr. W.R. Gerritsen; copromotoren dr. K.F. Bol en dr. G. Schreibelt). Het resultaat 

van dit promotietraject staat beschreven in dit proefschrift. Tijdens dit promotietraject heeft 

hij poliklinische zorg gedragen voor de melanoompatiënten die deelnamen aan de MIND-DC, 

een placebo-gecontroleerde fase III studie naar de adjuvante waarde van dendritische cel 

vaccinatie. Ook schreef hij het protocol voor een fase II studie, met als doel de combinatie 

van dendritische cel vaccinatie en nivolumab te onderzoeken voor de behandeling van het 

gemetastaseerde huidmelanoom. Medio 2020 heeft hij zijn opleiding tot internist hervat in het 

Groene Hart ziekenhuis te Gouda (opleider dr. T. Koster; hoofdopleider prof. dr. J.W. de Fijter). 

Aansluitend zal hij in het Leids Universitair Medisch Centrum zijn differentiatie tot internist-

intensivist volgen (opleiders prof. dr. E. de Jonge en dr. M.S. Arbous). 
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