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Summary
New treatment modalities have improved the prospects for cancer patients in the past
decade. Immunotherapy has led to huge improvements in the survival of patients with
metastatic melanoma. However, clinical trials that result in the approval of new treatments
are often conducted in a selection of patients that do not represent the general cancer
population. Therefore, examination of real-life cohorts including a much wider range of
patient subtypes is important to understand treatment efficacy in these groups. Other
factors that should be considered are the (severe) adverse effects of treatment and the
costs of in particular immunotherapy and targeted therapies. Unnecessary continuation
of treatment should be avoided. For the purpose of identifying patient subgroups that
can benefit from treatment and for the purpose of early detection of treatment response,
validated biomarkers are important. Biomarkers are tests that can objectively measure
or predict progression of disease or response to treatment and/or can predict potential
side effects. In this thesis the role of potential imaging and serum biomarkers is explored
with regards to the treatment allocation and treatment efficacy in melanoma and rectal
cancer.
In chapter 1 a general introduction and outline of this thesis is presented.

Part I: Melanoma
The role of 18F-fluorodeoxyglucose positron emission tomography/computed tomography
(18F-FDG PET/CT) for the purpose of staging and response evaluation of systemic therapy
in stage IV melanoma was explored in a review in chapter 2. A literature search was
performed to acquire all available data on 18F-FDG PET/CT in stage IV melanoma and to
identify the remaining knowledge gaps. For all included studies, the Level of Evidence
was assessed. In 18F-FDG PET scanning the nuclear tracer 18F-fluorodeoxyglucose is used.
This tracer visualizes glucose uptake, which is enhanced in metabolically active tissue,
such as tumor tissue, and can thereby identify melanoma metastases. 18F-FDG PET/CT
has an advantage over CT and MRI in that it provides both functional and anatomical
information. This advantage translates to a higher sensitivity and specificity than contrastenhanced CT for the detection of distant metastases in melanoma patients. Although
sensitivity and specificity of whole-body MRI is equal to 18F-FDG PET/CT, the use of wholebody MRI is currently limited by its high costs and because it is not widely available.
For the detection of brain metastases MRI is superior to 18F-FDG PET/CT, and a brain MRI
should therefore be included in the work-up of stage IV melanoma patients. Concerning
the early stages of disease, studies have shown that staging with 18F-FDG PET/CT is only of
value in stage IIIB and IIIC melanoma patients, who have a high-risk of developing distant
metastases. In addition, the ability of 18F-FDG PET/CT to monitor response to systemic
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therapy has been studied. The relatively small studies previously performed in melanoma
patients treated with immunotherapy, BRAF-targeted therapy and chemotherapy have
shown that 18F-FDG PET is not able to accurately detect a RECIST response to therapy,
which is the current standard for radiological response assessment. Direct comparison
of studies is hampered by the use of various non-validated response criteria for 18F-FDG
PET/CT. To better determine the value of 18F-FDG PET/CT in response monitoring, larger
prospective studies using standardized PET protocols are needed. Ideally comparison
to the gold standard evaluation of CT by RECIST criteria should be performed. Costeffectiveness analyses should also be performed taking the various options for staging
and response monitoring of stage IV melanoma into account in combination with the
costs of therapy. Furthermore, other PET tracers that are more specific for evaluating
immunotherapy responses in melanoma are rapidly being developed. Tracers that bind
to melanin, immune checkpoints and CD8+ T cells are currently being investigated. Their
use for treatment selection or response evaluation of systemic therapy should be subject
to future research.
BRAF mutation analysis is part of the diagnostic work-up in advanced melanoma. BRAF
is a protein kinase that acts in the MAKP-pathway, and regulates cell growth, survival
and differentiation. Activating BRAF mutations are encountered in 45% of all cutaneous
melanoma and can be targeted with the small-molecule BRAF specific inhibitors
(vemurafenib, dabrafenib and encorafenib) as anti-tumor therapy. The combination of
BRAF-inhibitors with MEK-inhibitors increases effectivity and is the current standard
when BRAF targeted therapy is indicated. Molecular diagnostic testing of BRAF and other
molecular targets is routinely performed using high-throughput methods such as nextgeneration sequencing. These multi-gene sequencing techniques are however timeconsuming, labor-intensive and costly. In patient with rapidly progressive melanoma
there is a demand for a simpler and faster test. In chapter 3 we compared three rapid
BRAF tests in a retrospectively selected cohort of 39 melanoma FFPE tissue samples
derived from 39 patients. The selected rapid BRAF tests were: immunohistochemistry
using the anti-BRAF V600E (VE1) Mouse Monocolonal Antibody (BRAF VE1 IHC), a V600E
specific Droplet Digital PCR test (ddPCR) and a fully automated, real-time PCR test (Idylla).
The performance of the tests was studied using the results obtained with High Resolution
Melting analysis/Sanger sequencing as the gold standard. Idylla and ddPCR showed the
highest sensitivity (both 100%). ddPCR needed less DNA input as compared to the Idylla
to deliver a result and therefore had the lowest limit of detection. The costs of all rapid
tests were similar. The real-time PCR test, Idylla, was selected as the most suitable test for
the purpose of rapid BRAF mutation detection. It’s turn-around time of 90 minutes was
the lowest and it was the only test in this selection that also detects the non-V600E BRAF
mutations that can be targeted with BRAF inhibitor therapy (~20% of all BRAF mutations).
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Besides biomarkers that are used for treatment selection, such as the aforementioned
BRAF mutation, biomarkers can also be used to monitor response to systemic treatment.
Treatment with immune checkpoint inhibitors is characterized by late and complex
radiologic responses, therefore, there is an unmet clinical need for a biomarker that can
predict response to treatment early on. Ideally, a serum biomarker would be used for this
purpose because it can easily be determined and can be measured repetitively over time.
In chapter 4 the ability to predict a response to immune checkpoint inhibitor therapy was
studied for the melanoma serum tumor marker S100B. S100B is a cytoplasmic protein that
is highly expressed in melanoma cells. It is released into- and detectable in serum. A total of
57 metastatic melanoma patients were included in a retrospective cohort study. Thirty-five
were treated with ipilimumab and 22 with a PD-1 inhibitor (nivolumab or pembrolizumab).
Changes in S100B were related to change in tumor burden on CT at week 12, and when
available, also at week 16 and/or 20 of treatment. Our results showed that changes in serum
S100B correlated well with radiologic tumor burden at the time of radiologic response
evaluation. However, early changes in serum S100B at week 6 were not able to predict a
sustained response to therapy. Our study is limited by the small study population. Also,
the use of RECIST 1.1 criteria as an estimate of total radiologic tumor burden could have
influenced our results. In the RECIST criteria, tumor burden is measured unidimensional
in only a selection of target lesions. This can lead to an inaccurate estimation of the actual
tumor volume. Because no clear trend towards correlation between early changes in
S100B and sustained response was seen in our study, it is not to be expected that larger
prospective trials will improve the predictive value.
Treatment with immunotherapy can result in immune-related adverse events, which are
the result of activation of auto-reactive T-cells. Several studies in melanoma and other
tumor types have shown a positive association between the development of immunerelated adverse events and efficacy of immunotherapy. This relationship had not been
previously demonstrated for the immune checkpoint inhibitor pembrolizumab. In
chapter 5 the association between toxicity and efficacy was evaluated for pembrolizumab
in a cohort of 147 advanced melanoma patients that participated in the Dutch expanded
access program for pembrolizumab. After correcting for several covariables, multivariate
analysis showed that the occurrence of high-grade toxicity at any time during treatment
was associated with higher objective response rates, progression-free survival, and
overall survival. Moreover, in this series treatment outcome was not affected by use of
corticosteroids or other immunomodulating drugs for treating immune-related toxicity.
Because the time of occurrence of adverse events was not exactly known, our results are
not corrected for exposure time to the drug, which can create bias (longer exposure to
the drug increases the likelihood of developing toxicity). The results show that adverse
events are associated with better treatment outcome for pembrolizumab. Future studies
on this topic are warranted, and should address the exposure time to the drug.
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The aim of systemic treatment in metastatic melanoma patients is to achieve long-term
survival. This can be achieved with immunotherapy. However, the time to response
after initiating immunotherapy is generally long, with a median of 2-3 months. In case
of symptomatic metastases when a rapid response is required, systemic therapy may
be preceded by or combined with local therapy of the symptomatic lesion. Intestinal
melanoma metastases are often symptomatic and pose diagnostic challenges. In a case
series presented in chapter 6, the outcome of diagnostic procedures and treatment in 22
melanoma patients with intestinal metastases was analyzed. The case series was combined
with a review of the literature. For the purpose of detection of intestinal metastases,
18
F-FDG PET/CT showed a higher sensitivity than contrast-enhanced CT and is therefore
the preferred imaging modality. Endoscopy can be performed to obtain a tissue sample
for diagnosis confirmation. However, exo-enteric or submucosally located metastases
can be missed by endoscopy. In patients with symptomatic intestinal metastases local
therapy can be employed to enable patients to receive immunotherapy. Surgery is
ideally performed in the elective setting since there is an increased risk of postoperative
complications in the acute setting. In patients with signs of bowel obstruction or severe
bleeding, surgery in the acute setting can be considered, if appropriate considering the
patient’s prognosis and physical condition. For some intestinal metastases, dependent
on the location, radiotherapy can be used to alleviate bleeding and pain. In melanoma
patients eligible for BRAF-inhibitor therapy, BRAF-inhibitors can be used to gain local
control since responses to BRAF-inhibitors are often seen within days of commencing
treatment. In our cohort of 22 patients with metastatic melanoma including symptomatic
intestinal metastases, 14 patients received surgery as local therapy. Median overall
survival after diagnosis of intestinal metastases was 22 months. 7 of 22 patients were
still alive two years after diagnosis. This demonstrates that long-term survival can be
achieved even in this challenging patient category by multidisciplinary management of
disease and adequate timing of local therapy.

Part II: rectal cancer
In about half of the rectal cancer patients the tumor is already at a locally advanced stage
at time of diagnosis. Standard treatment for locally advanced rectal cancer consists of
long-course neoadjuvant chemoradiotherapy followed by surgery. However, longcourse chemoradiotherapy lengthens the interval between diagnosis and surgery by at
least eleven weeks. In this time interval, distant metastases may appear. For this reason, a
restaging CT scan of chest and abdomen is performed after completion of neoadjuvant
treatment and before surgery. In chapter 7 we evaluated the value of this restaging
CT scan by analyzing the impact of this CT scan on treatment strategy in 153 locally
advanced rectal cancer patients. In 19 patients (12.4%) this CT scan was able to detect
distant metastases that were non-detectable on a CT scan before start of neoadjuvant
therapy. In 17 patients (11.1%) treatment strategy was changed because of the detection
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of distant metastases. Fifteen of these patients were spared unnecessary rectal surgery
and were offered palliative chemotherapy. In two patients the restaging CT scan showed
liver metastases that could be treated curatively by partial liver resection. Two other
patients had palliative rectal surgery to achieve optimal symptom control despite the
detection of distant metastases. In our cohort the median interval between both CT
scans was 13.3 weeks. Based on these results we propose performing a restaging CT scan
in the interval between completion of long-course chemoradiotherapy and surgery.
Rectal cancer can also present with distant metastases at first presentation. Primary
metastatic rectal cancer is seen in 20% of all rectal cancer patients. Treatment of these
patients is challenging because it should be directed towards both the distant metastases
and the primary tumor. Furthermore, the primary tumor is often at a locally advanced
stage at diagnosis. A Dutch phase II trial studied the impact of a newly proposed
neoadjuvant treatment regime consisting of short-course radiotherapy (5 x 5 Gy) followed
by a systemic therapy combination of chemotherapy with capecitabine, oxaliplatin and
bevacizumab. Neoadjuvant treatment was followed by surgical treatment of all tumor
sites when possible. Only patients with potentially resectable or ablatable metastases
in liver and lungs were included. The initial analysis revealed radical surgical treatment
could be achieved in 72% of these patients after completion of neoadjuvant therapy.
Chapter 8 shows the long-term results of this study. After a median follow-up of 8.1 years
32% were alive with a median overall survival of 3.8 years. This indicates that long-term
survival can be achieved with the use of neoadjuvant radio- and chemotherapy followed
by surgery. Median overall survival was significantly longer in patients in whom radical
(R0) treatment of primary tumor and metastatic sites was achieved (4.4 vs. 2.8 years).
Disease recurrences were seen in 80.6% of the patients that received radical treatment.
Two of these patients had a local recurrence, both of whom had a pathological partial
response after neoadjuvant treatment. Despite this high recurrence-rate the survival
rate was relatively high. This could be explained by the fact that most recurrences were
detected at an early stage due an intensive follow-up strategy in the first 3 years and
these patients could often be treated with curative intent for their recurrent disease.
Recurrence-free survival was significantly longer in patients with a pathological complete
response to neoadjuvant treatment. The neoadjuvant treatment regimen in this study
was the basis of the experimental arm in the RAPIDO trial, which evaluated the time to
disease-related treatment failure in patients with locally advanced rectal cancer without
distant metastases.

168

Summary

9

169

170

