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GENERAL INTRODUCTION

Melanoma is an aggressive form of skin cancer developing from melanocytes, which can
affect men and women of all ages. Melanoma typically occurs in the skin, but it may also
occur on mucosal surfaces such as intestines, vulva, nasopharynx, sinuses and mouth.
Rarely melanoma is found in the eye [1]. Of all types of skin cancer, melanoma causes the

most skin cancer related deaths.

INCIDENCE AND SURVIVAL

Melanoma was diagnosed in nearly 6000 patients in the Netherlands in 2015 and as can
be seen in Figure 1. the incidence of melanoma in the Netherlands is steadily increasing.
In 2015 more than 8oo patients died due to melanoma in the Netherlands. Survival from
melanoma is mainly dependent on the stage of the disease at diagnosis (Figure 2). Stage
of melanoma is based on the staging system as defined by the American Joint Commit-
tee on Cancer (AJCC) [2]. This staging system focusses on tumor thickness, mitotic rate,
ulcerations, the presence of nodal metastases and distant metastases. Patients without
distant metastases are classified as stage I-I1I, while patients with distant metastases are

classified as stage IV. The focus of this thesis lies on stage IV melanoma.

IMMUNOTHERAPY FORTHE TREATMENT OF METASTATIC
MELANOMA

In 2013 the editors of Science chose cancer immunotherapy as the breakthrough of the
year, hereby showing the importance of the immune system to combat tumors. Already
in 1863 Rudolf Virchow described the presence of lymphoid cells in cancerous tissue and
hypothesized a connection between inflammation and cancer [3]. For decades it is now
known that these lymphocytic infiltrates play a crucial role in patients’ clinical outcome
in not only melanoma, but in the majority of cancers [4-8]. Pioneering work in this field
of research has been performed by Dr. Steven Rosenberg from the Surgery Branch (SB) of
the National Institutes of Health (NIH), Bethesda, Maryland. Work from Rosenberg et al.
showed that harvesting tumor-infiltrating lymphocytes (TIL), expanding them ex-vivo and
reinfusing them into patients with metastatic cancers could induce clinical responses [9].
A process called adoptive cell transfer, or ACT. However, these positive effects are mainly
limited to metastatic melanoma. The discovery of T-cell checkpoint molecules such as
Cytotoxic T-Lymphocyte-Associated protein 4 (CTLA-4) and Programmed Death receptor
1 (PD-1) paved the way for a new form of immunotherapy [10, 11]. Several years after this
discovery antibodies directed against these molecules were manufactured. Prior to 2010

the chemotherapeutic dacarbazine, and in some countries high-dose IL-2, were the only
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Chapter1

registered treatments against metastatic melanoma. Median overall survival of patients
treated with dacarbazine was only 6-9 months [12, 13]. In 2010 the fully human monoclonal
antibody ipilimumab, targeting CTLA-4 on the activated T-cell showed, for the first time,

a survival benefit in patients with metastatic melanoma [14, 15].
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Figure 1. Incidence of skin cancer over the last 25 years (Netherlands Cancer Registration)
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Figure 2. Mortality after diagnosis according to the AJCC staging system (Netherlands Cancer Registra-
tion)

Stage la: T1a, No, Mo; stage Ib: Tib/T2a, No, Mo; stage Ila: T2b/T3a, No, Mo; stage IIb:
T3b/T4a, No, Mo; stage Ilc: T4b, No, Mo; stage Illa: T1-4a, N1a/N2a, Mo; stage I1Ib: T1-4a/
T1-4b, N1a/N2a/N1b/N2b/Nz2c, Mo; stage Illc: T1-4b, Nib, N2b, N2c, N3, Mo; stage IV: all
T, all N, M1.

This led to regulatory approval of ipilimumab for the treatment of metastatic melanoma.
Roughly four years later pembrolizumab and nivolumab, both antibodies targeting PD-1,
either as monotherapy or in combination with anti-CTLA-4 antibodies, showed even more
impressive clinical results [16-18]. Median overall survival for patients with metastatic
melanoma has since increased from 6-9 months with dacarbazine, to 10-20 months with

ipilimumab to more than two years with anti-PD-1 antibodies as monotherapy or the com-
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bination with an anti-CTLA-4 antibody. Despite these promising results, treating patients
with these new antibodies has serious financial implications. The cost of treating a patient
with four cycles of ipilimumab equals to about €90,000 (250 mg flat dose, for four cycles),
while costs can run as high as €150,000 (240 mg flat dose, once every 2 weeks, for up to
two years) for nivolumab and €260,000 (200 mg flat dose, once every 3 weeks for up to two
years) for pembrolizumab [19]. Besides the financial aspects, some patients treated with
these antibodies are at risk of serious, sometimes life-threatening adverse events (AEs),
which are often immune-related (irAEs). For example, treatment related AEs of any grade
in patients treated with ipilimumab can be seen in 89% of patients [14-16]. Although the
majority of AEs was only grade I or II (the lower grades of AEs), 23% of patients had grade
III or IV AEs (the higher grades of AEs). For patients treated with anti-PD-1 antibodies
grade III/IV treatment related AEs are seen in up to 20% of patients, while patients treated
with the combination of anti-PDi-antibodies and anti-CTLA4-antibodies grade III/IV
treatment related AEs are seen in up to 59% [17, 18, 20-25]. Being able to select patients who
will benefit the most from a certain treatment upfront remains one of the goals in cancer
immunotherapy. Not only to reduce health-care costs, but mainly to steer patients into
the right treatment, and thereby not treating patients with a certain immunotherapeutic
agent that they are likely not to respond to. Until this date, several biomarkers have been
discovered, but no biomarker (or combinations of biomarkers) has been incorporated into
daily routine clinical practice. An example is serum lactate dehydrogenase (LDH). Three
years ago, Kelderman et al. retrospectively showed that patients with a high LDH are less
likely to respond to anti-CTLA-4 treatment. However, even at a serum LDH value of > 2
times the upper limit of normal a minority of patients still responded to this treatment
[26]. Recently Blank et al. hypothesized a framework (the “cancer immunogram”, Figure
3) consisting of seven parameters which could be crucial in anti-tumor response [27].
These seven parameters consist of: tumor foreignness, immune cell infiltration, absence
of checkpoints, absence of soluble inhibitors, absence of inhibitory tumor metabolism,
tumor sensitivity to immune effectors and general immune status. These parameters by
themselves are all associated with response, or lack thereof, to immunotherapy. But what
the cancer immunogram tries to show the treating physician is that it probably will not be
just one single biomarker, but a combination of biomarkers which will make it possible to

select patients upfront.
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Tumor foreignness
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Figure 3. The “cancer immunogram”

BRAF INHIBITORS FOR THE TREATMENT OF METASTATIC
MELANOMA

Approximately 40-60% of cutaneous melanoma harbor a mutation in the gene encoding
BRAF [28, 29]. This mutation leads to constitutive activation of downstream signaling
through the Mitogen-Activated Protein Kinase (MAPK) pathway. In approximately 80%
of cases this mutation results in the substitution of valine by glutamic acid at codon 600
(V600E) [28, 29]. Other gene mutations, such as V60ooK and V60oR are also known, but
these mutations occur less frequently. Vemurafenib and dabrafenib are potent inhibitors
of the mutated BRAF protein. Both have shown impressive objective response rates and
improve progression free survival and overall survival when randomly compared to the
chemotherapeutic dacarbazine in randomized phase III trials [30, 31]. Double targeting
the MAPK pathway by combining BRAF inhibitors with MEK 1/2 inhibitors has clearly
shown an improvement in not only efficacy, but also tolerability compared to BRAF inhibi-
tor monotherapy [32-35].

CONCLUSION AND OUTLINE OF THE THESIS

Throughout melanoma history, significant progress has been made in treating patients
with metastatic melanoma. This thesis will focus on different aspects of melanoma treat-

ment with immunotherapy and targeted therapy.
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In chapter 2 we search for the perfect biomarker (or combination of biomarkers) to predict
response to ipilimumab treatment. Here we look into different routine blood parameters,
but also certain immune cell populations analyzed by flow cytometry. Identified param-

eters were first assessed in a discovery cohort and later validated in a validation cohort.

As previously mentioned a selection of patients treated with immunotherapeutics is at
risk of developing adverse events, some of which can be life-threatening. One of those
commonly seen adverse events is diarrhea. In chapter 3 we retrospectively analyzed a
cohort of 93 patients treated with immunotherapy for metastatic melanoma or non-small
cell lung cancer. All patients underwent an endoscopy and/or were treated with high-
dose corticosteroids for immune-related diarrhea. We describe the correlation between

symptoms, endoscopic features, histological features and response to management.

In chapters 4 and 5 we look into a select group of patients with metastatic melanoma.
Namely, those with brain metastases and/or leptomeningeal metastases. The incidence of
brain metastases ranges from 10% up to 73% based on clinical and post-mortem research
[36-41]. Brain metastases from melanoma carry a poor prognosis with a median overall
survival not exceeding five months [42]. In chapter 4 we retrospectively analyzed a cohort
of 146 patients with brain metastases from melanoma with a BRAF mutation. We describe
the overall survival, progression free survival, clinical response and radiological response
to BRAF inhibitors with or without the addition of a MEK inhibitor. In chapter 5 we
study patients with leptomeningeal metastases from metastatic melanoma. Literature has
shown that patients with untreated leptomeningeal metastases from solid tumors have an
even worse median overall survival of only 4 to 6 weeks [43]. In our retrospective analysis
we identified a cohort of 39 patients with leptomeningeal metastases from melanoma and

describe the effects of targeted therapy and immunotherapy on this disease.

BRAF inhibitors have proven to be an effective treatment against metastatic melanoma for
patients harboring a BRAF mutation. However, a large proportion of patients treated with
BRAF inhibitors will eventually relapse. In the clinical setting stopping the BRAF inhibitor
after progression of disease oftentimes lead to an accelerated growth of the metastases,

quickly followed by death of the patient.

In chapter 6 we analyze two groups of 35 patients treated with the BRAF inhibitor vemu-
rafenib. One group of patients continues with the BRAF inhibitor, despite documented
progression of disease. The other group discontinues the BRAF inhibitor at documented

progression. Here we describe the results of this analysis.
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At the Netherlands Cancer Institute a phase III trial is in progress for patients with meta-
static melanoma, comparing treatment with the adoptive transfer of TIL to ipilimumab.
Patients receiving TIL are pre-treated with high-dose chemotherapy and receive high-dose
bolus IL-2 after the infusion of the TIL. In chapter 7 we review the past, present and future

of treating patients with melanoma and other types of cancer with TIL.

Finally, in chapter 8 the results obtained in this thesis are discussed and implications for

further research are presented.
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