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Introduction 
In the Netherlands, the incidence of (all stage) melanoma has continued to rise in recent 
decades.1 Advanced melanoma was a difficult disease to treat and the prognosis was poor. 
Historically, the median overall survival (OS) for patients with newly diagnosed advanced 
melanoma has been 6-8 months.2 Beginning in 2010, a new era of anti-cancer drugs for 
(advanced) melanoma began after remarkable results were observed in phase III trials. In the 
past decade, nearly a dozen immunotherapies and targeted therapies have been approved by 
the Food and Drug Administration (FDA) and European Medicines Agency (EMA).3–8 

The efficacy-effectiveness knowledge gap 
Randomised controlled trials (RCTs) investigate the extent to which a new treatment is 
beneficial under ‘ideal’ circumstances (created in an RCT), also called the efficacy.9 These ‘ideal’ 
circumstances are created by studying a selected patient population in a highly controlled 
setting in which patients are intensively monitored by specialized personnel. 

New systemic therapies for advanced melanoma were licensed for a much less restricted 
patient population and used in less controlled settings than the RCTs. As new drugs or drug 
combinations became rapidly approved one after another, there was only limited experience 
with new systemic therapies for use in daily clinical practise. 

This meant that when new systemic therapies for advanced melanoma were introduced in the 
Netherlands, it was not known to what extent these new treatments were beneficial under 
routine treatment conditions in daily clinical practise, also referred to effectiveness. This 
efficacy-effectiveness knowledge gap included safety, adverse events and the effectiveness of 
new systemic therapies in both patients who were ‘trial-like’ and those who were not 
represented (trial-ineligible) in RCTs. Also, the benefit of new treatments for rare types of 
advanced melanoma, such as mucosal melanoma, was not known. 

Assigning the right treatment to the right patient at the right time by the right healthcare provider 
can help improve the quality of care. Bridging the knowledge gap between trials and real-world 
enables more effective use in daily clinical practice, benefiting both patients and society.10  

Unique real-world data in the Netherlands 
Since 2013, all patients with advanced melanoma who receive systemic treatment are 
registered in the Dutch Melanoma Treatment Registry (DMTR). When the era of new systemic 
treatments started in 2012, the Dutch Society of Medical Oncologists (NVMO) advocated fast 
accessibility to newly available anti-cancer drugs for Dutch patients with advanced melanoma. 
This was approved by the Dutch Minister of Health on two conditions: centralisation of 
melanoma care and registration of real-world data of all patients with advanced melanoma in 
the Netherlands. 
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The general objectives of the DMTR were to provide insight in real-world use, safety and 
effectiveness of new treatments, to improve the quality of melanoma care by clinical auditing 
and benchmarking between melanoma centres, to provide transparency of the quality of 
melanoma care and to perform outcome research. To fulfil all these purposes, a comprehensive 
dataset of more than 500 variables was agreed between the involved stakeholders. The 
nationwide and population-based character and the comprehensiveness of the DMTR data 
make it a unique real-world data source. 

This thesis utilized the DMTR data to generate real-world evidence on new systemic therapies 
in advanced melanoma in daily clinical practise.  

Bridging the efficacy-effectiveness gap  

Safety and survival in the era of new treatment options 

In the Netherlands, implementation of all immune- and targeted therapies was fast and safe 

[Chapter 2]. Parallel to newly approved more effective systemic therapies the use of new 
treatments shifted year after year. In 2013, 76% of patients registered in the DMTR received a 
systemic therapy and this increased to 89% in 2017. In 2017, anti-PD-1 monotherapies, BRAK 
plus MEK inhibitors and ipilimumab plus nivolumab were the dominant first-line systemic 

therapies [Chapter 2]. Percentages of grade 3-4 AEs of all new systemic therapies were 

comparable to those in the phase III trials and no new safety signals were observed [Chapter 
2].  

In 2013, the overall survival (OS) was already higher compared with historical survival of patients 
with advanced melanoma and this increased to a median of 18 months in 2017.2 This 
corresponds to what other real-world studies found in Denmark, Canada and the Unites 
States.11–14 Interestingly, data from the Dutch Cancer Registration (NKR) may indicate that, 
despite a sustained increase in incidence, mortality due to (all stage) melanoma in the 
Netherlands has stabilized in recent years.1 This is an additional indication that patients with 
advanced melanoma in the Netherlands have benefitted from the fast availability of the entire 

package of immune- and/or targeted therapies [Chapter 2]. 

Patients not represented in phase III trials 

The magnitude of the efficacy-effectiveness gap for new systemic therapies for advanced 
melanoma is illustrated by the fact that 40% of all patients in the Netherlands treated with (a) 
systemic therapy were not represented in the phase III trials (trial-ineligible patients) [Chapter 
3]. The OS of trial-ineligible patients (8.8 months) lagged behind the OS of real-world patients 

resembling those in phase III trials (trial-like patients; 23 months). Trial-ineligibility was due to 
brain metastasis and/or Eastern Cooperative Oncology Group performance score (ECOG PS) of 
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≥2 in 86% of trial-ineligible patients [Chapter 3]. Nearly 70% of trial-ineligible patients had 
brain metastases. 

Prognostically the most important unfavourable factors in the trial-ineligible patient population 
were LDH level of >2x ULN, followed by ECOG PS of ≥1 and symptomatic brain metastasis 

[Chapter 3]. The prognostic subgroups created with these factors showed that the trial-
ineligible population was prognostically heterogeneous, meaning that there was a wide spread 
of predicted survival within most subgroups and long-term survival could be achieved within 
most subgroups. Only the subgroups of patients with LDH of >2x ULN plus ECOG PS of ≥2 plus 

(a)symptomatic brain metastasis and LDH of >1x ULN plus ECOG PS of ≥2 plus symptomatic 

brain metastasis had uniformly poor predicted survival [Chapter 3]. 

This information can help set realistic treatment goals and expectations for patients who are not 
represented in RCTs and who (have to) decide to undergo systemic treatment. Given the high 
proportion of patients with brain metastases that comprised the trial-ineligible population, 
patients with brain metastasis should be included in RCTs to increase their generalizability.15 
This is challenging due to the multimodality of treating brain metastases, but clinical trials in this 
setting have been and are being performed. 

Prognostic factors for survival

In the Dutch real-world advanced melanoma population, the prognostic factors associated with 
death were baseline LDH level ≥1x ULN, ECOG performance score of ≥1, distant metastases 

in ≥3 organ sites, brain- and liver metastasis [Chapter 2]. These prognostic factors are well-
known in the international literature.16–20 As stated in the previous paragraph, clinicians and 
patients can use the prognostic information of abovementioned patient- and disease 
characteristics to better manage expectations of the outcomes of systemic treatment. 

An important additional finding was that before and beyond 6 months after diagnosis the hazard 
ratios for death were different. Elevated LDH levels and higher ECOG PS were significantly 
associated with death in both periods, but to a lesser extent in the period beyond 6 months. 
These factors may determine short-term mortality and/or the ability to reach and sustain a 
durable response. Patient with BRAF-mutant melanoma had favourable survival compared to 
BRAF wild-type melanoma in the first 6 months and this effect disappeared beyond 6 months 

[Chapter 2]. Shorter time to response and high response rates of targeted therapy could 
explain this finding.3,4,21 Immune checkpoint inhibitors are known for delayed clinical effects and 
long-term survival which could enhance the non-proportionality of the hazard for death.22 

For research it would be interesting to analyse the association with survival of the 6-month 
patient- and disease characteristics in addition to the baseline characteristics. Based on this 
thesis prognostic factors such as LDH level, ECOG performance score, distant metastases in 
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≥3 or <3 organ sites and brain- and liver metastases are factors of interest. This may help 
clinicians implement a 6-month evaluation moment to inform patients on their prognosis. 

Immune checkpoint inhibitors in real-world 

Anti-PD-1 monotherapy 

The anti-PD-1 antibodies, nivolumab and pembrolizumab, were the second type of 
immunotherapy approved for advanced melanoma. With objective response rates of 33-40%, 
median OS of 20.3-37.5 months and only 10% to 12% grade 3-4 AEs, anti-PD-1 antibody 
results are superior to ipilimumab, which was the first immunotherapy approved for advanced 
melanoma.5,23–26 

In real-world, anti-PD-1 antibodies were safe and used effectively as first-line treatment for 

advanced melanoma [Chapter 5]. The median OS of trial-like patients was comparable to those 

observed in the anti-PD-1 antibody phase III trials with a median OS of 31 months [Chapter 5]. 
Twenty-nine percent of patients treated with anti-PD-1 monotherapy in the first-line did not 
meet ≥1 trial eligibility criteria. Despite having a worse prognosis than trial-like patients, the 
median OS of trial-ineligible patients still was 17 months.2 Fifteen percent of the real-world 
population experienced grade 3-4 AEs.  

ECOG PS of ≥1, liver metastasis and symptomatic brain metastasis were negatively associated 
with OS. These factors plus elevated LDH have high impact as they were also associated with 
death in a competing risk analysis for second-line treatment [Chapter 5]. That anti-PD-1 
monotherapy is less effective in patients with one or more of these prognostic factors should 
be considered when choosing the right first-line treatment. 

Achieving a CR with anti-PD-1 monotherapy is an indicator of long-term survival. One-third of 
patients had a complete or partial response (CR or PR) two years after the start of anti-PD-1 
monotherapy [Chapter 5]. In total, 20% of patients treated with first-line anti-PD-1 

monotherapy reached a CR and these patients had a 2-year OS probability from the first 
reported CR of 92%. These results correspond to those observed by Robert et al. using data 
from a phase Ib trial.27  

Given the AEs, necessity for hospital visits and (associated) health-care cost, patients would 
benefit from early anti-PD-1 discontinuation. However, criteria for optimal treatment duration 
are not available. Jansen et al. observed that patients in whom a CR is achieved a minimal 
treatment duration of 6 months was favourable.28 We found that after anti-PD-1 
discontinuation, the ongoing survival was high in patients who had a CR or PR at the moment of 

discontinuation [Chapter 6]. In patients who discontinued anti-PD-1 monotherapy, fast initial 
response (PR or CR) to anti-PD-1 monotherapy and anti-PD-1 discontinuation with a CR were 
positively associated with survival [Chapter 6]. 
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In the RCTs, patients were treated up to 2 years (and even more) with anti-PD-1 monotherapy, 
but early anti-PD-1 discontinuation seems feasible. The median treatment duration in our real-
world was less than 12 months and some patients responded to rechallenge with anti-PD-1 

monotherapy [Chapter 6]. Response rates after rechallenge with anti-PD-1 monotherapy as 
high as 70% have been reported.29 The Safe Stop trial currently enrolling in the Netherlands, 
investigates whether discontinuation upon first radiological PR or CR after minimal 6 months of 
anti-PD-1 monotherapy is a feasible treatment strategy.30 Until these results are available, our 
findings may guide early anti-PD-1 discontinuation. 

Ipilimumab plus nivolumab combination therapy 

In the CheckMate-067 trial, combining the CTLA-4 and anti-PD-1 antibodies ipilimumab plus 
nivolumab led to a 5-year OS of 52% compared to 44% for nivolumab monotherapy.31 
However, a 55% of patients experienced severe treatment-related AEs and 36% discontinued 
treatment due to any grade AEs.32 In trial setting, discontinuation because of an AE did not affect 
the OS.33 

Compared to the CheckMate-067 trial, patients in real-world who received first-line ipilimumab 
plus nivolumab were younger and mainly had an ECOG PS of 0-1, but had a higher disease 
burden, reflected by higher percentages of patients with stage M1c disease, elevated LDH 

levels and brain metastases [Chapter 7]. Survival outcomes of trial-like patients were similar to 

those in the CheckMate-067 trial [Chapter 7].31 

Interestingly, trial-ineligible patients could also reach long-term survival (4-year OS of 39%) 

[Chapter 7]. Brain metastases were the main reason of trial-ineligibility. Overall survival of 
patients who had none or asymptomatic brain metastases was comparable (4-year OS of 48% 
vs. 45%), but in the multivariable analysis asymptomatic brain metastases were associated with 
death. This is proof that having asymptomatic brain metastasis does not preclude long-term 
survival, provided that the patient has other favourable prognostic factors. Even patients with 
symptomatic brain metastasis had a 4-year OS probability of 36%. Given the historical median 
OS for patients with brain metastases of 3.5 months, our study illustrates the progress that has 
been made in the real-world setting.34 It should be emphasized that these results are achieved 
through a combination of systemic with local treatments (surgery or radiotherapy). 

Overall survival of patients with BRAF-mutant melanoma was superior compared to BRAF wild-
type melanoma, despite similar progression-free survival. Three quarters of the patients with 
BRAF-mutant melanoma received BRAF plus MEK inhibitors as second-line treatment [Chapter 
7]. Part of the OS benefit of first-line ipilimumab plus nivolumab we observed probably was due 
to sequential treatment with BRAF plus MEK inhibitors. This underscores the results of the 
DREAMseq trial in which first-line ipilimumab plus nivolumab followed by dabrafenib plus 
trametinib (a BRAF plus MEK inhibitor combination) was superior to first-line dabrafenib plus 
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trametinib followed by ipilimumab plus nivolumab.35 Van Breeschoten et al. showed in a DMTR-
study that first-line anti-PD-1 monotherapy compared to first-line BRAF plus MEK inhibitor 
showed superior survival in patients with BRAF-mutant melanoma that had favourable patient- 
and tumour characteristics.36 Patients with BRAF-mutant melanoma appear to benefit from 
sequential targeted therapy after anti-PD-1 monotherapy or ipilimumab plus nivolumab 

[Chapter 5 and 7].  

Our results considering, ipilimumab plus nivolumab was safe and beneficial in daily clinical 
practice (i.e., under the ‘unideal’ circumstances of the real-world). Besides the efficacy proven 
in the CheckMate-067 trial, our study confirms the effectiveness of ipilimumab plus nivolumab 
in advanced melanoma. Even in patients with (a)symptomatic brain metastasis. 

Mucosal melanoma - a rare type of melanoma 

Mucosal melanoma, accounting for 1-2% of all melanomas, is a rare type of melanoma and this 
complicates research. Our research with the DMTR data showed that, in contrast to patients 
with advanced cutaneous melanoma, the OS of patients with advanced mucosal melanoma did 
not improve between 2013 and 2017, despite the introduction of novel systemic therapies 

[Chapter 4]. The median OS of patients with advanced mucosal melanoma of 11.8 months still 
was higher than the historical median OS of 6-8 months for advanced melanoma in general.2 
The fact that patient- and disease characteristics between patients with advanced mucosal and 
cutaneous melanoma were similar suggests that mucosal melanoma has an inherent worse 
prognosis. It is hypothesised this may be due to a different, more aggressive, biological 
behaviour.37 Future research should focus on gaining more knowledge about the vulnerabilities 
of mucosal melanoma in order to increase the effectiveness of novel treatment strategies. 

Advanced uveal melanoma and melanomas of unknown primary (other rare types of 
melanomas) could also be investigated with the real-world data of the DMTR. The prognosis of 
advanced uveal melanoma still is poor, despite the increased number of treatment options.38 In 
contrast to uveal melanoma, the prognosis of advanced melanomas of unknown primary was 
better than cutaneous advanced melanomas with known primary, despite poorer baseline 
characteristics.39 These real-world insights illustrate the importance of real-world evidence and 
the need for more research to better treat these rare types of melanomas. We emphasise the 
need for international collaboration allowing data exchange to increase sample size and 
research on rare types of melanomas. 

(Neo)adjuvant treatment strategy 

During this PhD, phase III trials were conducted on targeted- and immunotherapies as adjuvant 
treatment strategy in stage III melanomas [Chapter 8]. The efficacy as adjuvant therapy in stage 
III melanomas was proven for anti-PD-1 antibodies pembrolizumab and nivolumab and BRAF 
plus MEK inhibitor dabrafenib plus trametinib.40,41 Patients with stage III melanomas are now 
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registered in the DMTR. First results of research with the DMTR data on high-risk melanoma are 
promising. Recurrence-free survival in real-world was comparable to trials even though more 
patients discontinued anti-PD-1 monotherapy earlier than by protocol.42 A higher percentage 
of patients experienced toxicity of (neo)adjuvant anti-PD-1 monotherapy.42  

In the future, the DMTR data will generate important real-world evidence on the effectiveness of 
(neo)adjuvant treatment strategies. Insights into rechallenge with the same treatment and 
previous other (neo)adjuvant treatments on effectiveness in recurrent disease will be of great 
value for daily clinical practice. And real-world evidence is needed on the effectiveness of 
immune- and targeted therapies for patients, who in the course of their melanoma, develop 
metastases early or late after these same systemic therapies were given in the (neo)adjuvant 
setting.  

The Dutch Melanoma Treatment Registry as a blueprint  

The potential of real-world data 

Real-world data can be a powerful tool, without the expense of conducting a clinical trial, to 
create real-world evidence and insights of interest to patients, doctors, scientists, governing 
organisations, health-care insurers and medical product developers.43 With real-world data 
post-market safety, adverse events (AEs) and accessibility across a country can be monitored. 
The extent of external validity of RCTs for real-world can be investigated by mirroring these 
clinical trials. In contrast to RCTs, in-depth analysis of risk factors, prognostic subgroups or rare 
manifestations of a disease can be performed, where analysis of heterogeneity of treatment 
effect is not possible due to the limited sample size that is only meant to test the primary 
hypothesis. The quality of care can be improved by learning from benchmarking data between 
hospitals. Furthermore, medical product developers can gain product-specific insights for post-
market obligations and marketing purposes. Evaluation of medication and healthcare utilisation 
by health technology assessments can provide a basis for reimbursement schemes, support 
regulatory decisions and substantiate price negotiations, especially when patient-reported 
outcomes are added.43 

Realizing the potential of the DMTR 

The DMTR has fulfilled many of the above-mentioned purposes realizing the potential of real-
world data. First, the purposes of the DMTR are elaborated, after which the lessons learned and 
future of the DMTR are discussed. 

Output of outcome research with the Dutch Melanoma Treatment Registry 

Outside this thesis the DMTR has also contributed to real-world evidence of advanced 
melanoma in a new era of systemic therapies. As the DMTR data has matured, more and more 
research could be conducted; until June 2022 a total of 30 articles have been published (figure 
1). The research using the DMTR data can be roughly divided into four subgroups: real-world 
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outcomes (n=11), subgroup analysis (n=12) (in-depth research of clinical research questions 
(n=9), rare types of melanomas (n=3)), clinical audit and benchmarking (n=2), economic 
research (n=3) and miscellaneous (n=2; table 1).  

 
Figure 1 Number of articles published that use the data of the Dutch Melanoma Treatment Registry. 
Last updated in June 2022. 

Clinical audit and benchmarking 

More than a century ago, surgeon Dr. Ernest Amory Codman stated that clinical outcomes of 
each treated patient should be monitored to improve the quality of care. He was despised by his 
colleagues for the idea of critically assessing one’s own medical practise. Ten to fifteen years 
ago, the demand for transparent, hospital-specific outcomes came from society in the 
Netherlands. At the same time the medical professionals had the desire to gain more in-depth 
results to be able to improve their quality of care. In 2022, the Dutch Institute for Clinical 
Auditing facilitates systematic analysis of processes and outcomes of care of 23, mainly 
surgical, nationwide audits.70 

Clinical auditing and benchmarking of surgical treatments is common, but to the field of medical 
oncology this was a new concept. The first quality indicators of the DMTR were mainly structure 
and process indicators. The only outcome indicators related to the primary purpose of the 
DMTR: the use and safety of new drugs. Safety was monitored by reporting adverse events and 
mortality due to an adverse event. New drugs were implemented fast across the Netherlands 
and the percentage of adverse events was comparable to trial data without differences between 
hospitals [Chapter 2]. These quality indicators were manageable due to the binary outcome 

measure and relatively short follow-up that was required, but did not reflect the quality of 
melanoma care. This raised the question what outcome indicators could be used to monitor and 
improve the quality of melanoma care. 

The primary outcome measure in scientific research usually is overall survival, but there are 
obstacles to use this measure as an outcome indicator. To analyse survival, the data need a long 
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enough follow-up to be able to be assessed, but clinical auditing requires short feedback-loops 
for the plan-do-check-act cycle. Benchmarking melanoma centres is complicated by small size 
per melanoma centre per cohort year, which disallows casemix-adjustment. In oncology care, 
personal preferences and considerations of a patient play an important role in treatment 
choices. These limitations are an obstacle for clinical auditing and transparency purposes. 
However, discussing this outcome indicator may reduce discrepancies between melanoma 
centres and increase efficient use of systemic therapies to improve the melanoma care. There 
was significant variation in 2-year survival between melanoma centres in the Netherlands in 
2014 and 2015, but this normalised in 2016 and 2017.64 

The outcome indicator currently in development for the DMTR is focussing on end-of-life care. 
This indicator measures whether a patient received a systemic therapy in the 45 or 90 days 
before death. Reasons to investigate this topic is that there are concerns of safety, efficacy, 
cost-effectiveness and quality of life (or death) of systemic therapies in the end-of-life period.71 
Many factors influence the decision to start systemic therapy in an end-of-life situation. And 
sometimes it is not clear that the end of life is near. Still, this outcome indicator is an interesting 
starting point for in-depth analysis and discussion. In the Netherlands, there was significant 
variation between melanoma centres in the percentages of patients who received a new 
systemic therapy within 45 or 90 days before death.52 Identifying this hospital variation is 
important as in-depth analysis and discussion of hospital variation can improve the quality of 
melanoma care. 

An important value of the DMTR was that it allowed structured feedback of benchmarked 
outcomes between melanoma centres. This was a first for medical oncology in the Netherlands. 
Four times per year the scientific committee, consisting of medical oncologists from the 
melanoma centres, an oncologic surgeon, a pathologist and representatives of the institute of 
Medical Technology Assessment (iMTA), held a meeting in which the data supported a 
substantive discussion on what could improve the more effective treatment of advanced 
melanoma with new systemic therapies. Online benchmarked feedback was continuously 
available for medical oncologists. This synchronised and improved the quality of melanoma care 
across the Netherlands reflected by the normalisation of variation in OS between melanoma 
centres.64 

Table 1 Articles published in which the data of the Dutch Melanoma Treatment Registry is use 
Study Year Type Subject 

Jochems44 2018 Real-world 
outcomes 

Ipilimumab in real-world 

Schouwenburg45 2018 Real-world 
outcomes 

Vemurafenib in real-world 

van Zeijl46 2020 Real-world 
outcomes 

Anti-PD-1 monotherapy in real-world 
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van Zeijl47 2020 Real-world 
outcomes 

Patients not represented in phase III trials 

van Zeijl48 2021 Real-world 
outcomes 

Survival outcomes from 2013 to 2017 

van Zeijl49 2021 Real-world 
outcomes 

Discontinuation of anti-PD-1 monotherapy 

Ismail50 2021 Real-world 
outcomes 

Brain metastasis in post-approval trials versus patient 
registries 

van 
Breeschoten51 

2021 Real-world 
outcomes 

Outcomes according to BRAFV600 status 

van 
Breeschoten36 

2021 Real-world 
outcomes 

BRAF/MEK inhibitors versus anti-PD-1 monotherapy 
(propensity-matched) 

van 
Breeschoten52 

2022 Real-world 
outcomes 

End-of-Life use of systemic therapy in patients with 
advanced melanoma 

de Meza42 2021 Real-world 
outcomes 

Adjuvant treatment for melanoma in clinical practice 

Verheijden53 2020 Subgroup  
analysis 

Anti-TNF and survival in steroid refractory ipilimumab 
and anti-PD-1 treated patients 

van der Kooij54 2020 Subgroup  
analysis 

Adolescents and young adults versus older adults 

Verheijden55 2020 Subgroup  
analysis 

Risk of severe checkpoint inhibitor toxicity in more 
advanced disease 

Biewenga56 2021 Subgroup  
analysis 

Checkpoint inhibitor induced hepatitis, liver metastasis 
and outcomes 

van der Kooij57 2021 Subgroup  
analysis 

Checkpoint inhibition and pre-existing autoimmune 
disease 

de Glas58 2021 Subgroup  
analysis 

Older patients treated with checkpoint inhibitors 

Jochems59 2021 Subgroup  
analysis 

Systemic therapy in older patients 

van der Kooij60 2021 Subgroup  
analysis 

Sex-based differences in treatment with immune and 
targeted therapy 

van Zeijl61 2020 Subgroup  
analysis 

Outcomes of advanced mucosal melanoma 

Jochems§38 2019 Subgroup  
analysis 

Outcomes of advanced uveal melanoma 

Verver39 2021 Subgroup  
analysis 

Outcomes of advanced melanoma of unknown primary 

Schouwenburg62 2019 Subgroup  
analysis 

Treatment strategy for patients with highly elevated 
LDH 

Jochems63 2017 Clinical audit and 
benchmarking 

Quality assurance in the melanoma care 

van 
Breeschoten64 

2021 Clinical audit and 
benchmarking 

Hospital variation in treatments and survival outcomes 

Franken65 2018 Economic  
research 

Real-world healthcare costs of ipilimumab 

Leeneman66 2020 Economic  
research 

Real-world healthcare costs of advanced cutaneous 
melanoma 

Franken67 2021 Economic  
research 

Trends in survival and costs in advanced melanoma 

Blankenstein68 2020 Miscellaneous 
 

Surgery for advanced melanoma in the era of new 
systemic therapy 

van Not69 2021 Miscellaneous 
 

The unfavourable effects of COVID-19 on Dutch 
advanced melanoma care 
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Other purposes 

The DMTR has been used for cost-effectiveness analysis by the iMTA. Their economic research 
showed that most healthcare costs of treatment of advanced melanoma are caused by the 
systemic therapy (>80%), followed by hospital admissions or visits, diagnostics and 
imaging.66,67,72 Monthly costs were highest for ipilimumab plus nivolumab and ipilimumab 
monotherapy and “lowest” for nivolumab and pembrolizumab (chemotherapy not considered).66 
As the overall survival improved and more anti-cancer drugs became available, healthcare 
costs were stable over the years (€100 000 to €129 000 per year for one patient who receives 
a systemic therapy).67 The total economic impact for all patients with advanced melanoma was 
approximately €450 million from July 2013 to December 2018.67  It is important to realize is 
that the extent to which these newly introduced systemic therapies achieve off-treatment long-
term survival will impact average costs made. 

The Dutch government organisation Zorginstituut Nederland (ZiNL) can use this information and 
the additional reports on the total costs and survival outcomes of the entire package of immune- 
and/or targeted therapies that were generated, to assess the therapeutic value and cost-
effectiveness of new treatments and advice the government on reimbursement. 
Pharmaceutical parties received monthly reports on safety of their product and patient- and 
disease characteristics of patients treated with their product(s). 

Lessons that can be learned from the DMTR 

Data collection and data quality 

The DMTR was specifically created and designed to fulfil all of its objectives. Consensus among 
stakeholders resulted in a ‘minimal’ dataset of more than 500 variables, of which sections of 
variables had to be registered for each systemic therapy a patient received. Data was collected 
manually from electronic healthcare records (EHRs) by trained ‘data-employees’ and all 
registered data had to be checked and approved by medical oncologists. This was the most 
labour-intensive process requiring most of the financial resources.  

Despite efforts to ensure data quality, studies in this thesis had +/- 15% of cases with missing 

data in ≥1 variables necessary for multivariable analysis (non-complete cases) [Chapter 2].48 
There is methodology for dealing with missing data, such as multiple imputation which we used, 
but this is an area of research that is under development (especially for use with multivariable 
Cox models).73 For imputation, assumptions about the missing data that cannot be verified are 
made. One should therefore first strive for more complete registration of data. 

To meet the increased demand for phase IV research, given the accumulation of innovative new 
drugs, the efficiency of data registration needs to improve. Using existing data sources and 
structuring EHRs for automatic data extraction can help reduce registration burden and cost. 
Financial data can be used to pre-fill data in the registry and for cost-effectiveness research. 
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However, a truly sustainable solution to the hassle of data collection is one-time (structured) 
registration medical data as linked data and multipurpose availability (e.g., EHRs, clinical 
auditing, benchmarking and outcome research).74 

Patient reported outcome measures 

DMTR had the ambition to combine clinical outcomes with patient-reported outcome measures 
(PROMS) for cost-effectiveness research, clinical auditing of melanoma care through quality 
indicators, and use as decision support for doctors and patients in individual cases. However, 
the percentage of respondents to the PROMS questionnaires was low. Hypothesised reasons 
for the low response were that the scientific PROMS questionnaires were too long, many 
patients lacked digital skills and the PROMS were not used in the doctor’s office to discuss 
patients’ needs. At the DMTR scientific meetings medical oncologists reported that they felt 
hesitant to ask some of their patients to participate after communicating the diagnosis, 
especially if a patient had a poor prognosis. The General Data Protection Regulation (GDPR) 
complicated merging of the DMTR data with the PROMS data which was registered in a separate 
dataset using patient friendly software. In addition, relating PROMS to a specific systemic 
therapy was extremely complicated, because of the intervals between PROMS questionnaires 
and high variability in treatment duration and strategies. 

There is some evidence that PROMS can improve patient-caregiver communication and 
increase patient satisfaction.75 However, prerequisites for success of PROMS are sufficient 
intensity of feedback, targeting patients, nurses and doctors with easy-to-interpret meaningful 
results and training of patients and health professionals.75 In other words, PROMS 
implementation affects the entire clinical work process and requires support and adaptation to 
a new way of working. An important lesson to be learned from the DMTR is that the PROMS 
implementation must be preceded by a realistic analysis of the objectives of PROMS and 
statistical, clinical and digital feasibility. It may be easier to implement PROMS in a disease-
specific registry when PROMS are already an integral part of the clinical process, rather than 
implementing PROMS in the clinical process through a disease-specific registry. 

Although implementation was unsuccessful for advanced melanoma, PROMS are relevant for 
the (neo)adjuvant use of systemic therapies. The potential reduction in quality of life must 
outweigh the chance for life prolongation. Patient reported experience measures (PREMS) could 
help improve how hospitals deliver quality of care. This information could allow hospitals to 
improve the quality of care and patients to informedly choose a hospital. 

Limitations and considerations for the DMTR and real-world data in general 

To realize its potential, real-world data must be of high quality, the data and daily clinical practice 
in the period studied must be well understood, and researchers must be aware of the limitations 
of statistical analysis. Here we describe some important considerations for the Dutch 
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Melanoma Treatment Registry (and for real-world data in general), including possible ways to 
handle some of the limitations. 

Implications of daily clinical practise on the data 

Daily clinical practise and its implications on the (analysis of the) data should be well understood 
by researchers. During this PhD-period, the available package of new drugs was rapidly 
changing for patients with advanced melanoma. The availability of new drugs depended upon 
the year a patient was diagnosed. In the Netherlands, there were no guidelines for the use of 
new drugs and all newly available drugs could be administered sequentially. The use of new 
drugs also changed as more experience was gained by the medical oncologists. This caused 
variability in treatment strategies that patients with advanced melanoma received, complicating 
statistical analysis.  

For example, interpreting a supposedly straightforward analysis of first-line therapy with the 
DMTR data is challenging. Overall survival reflects the effectiveness of an entire sequential 
treatment strategy until the end of follow-up or when a patient dies. In multi-year analysis, one 
should be aware (and report) the influence of rapidly changing treatment landscape as was the 
case for advanced melanoma in the Netherlands [Chapter 2]. 

A more specific evaluation of the benefit of first-line treatment can be achieved by analysing 
progression-free survival or with the competing risks method.76 The competing risk method 
analyses treatment failure (in this thesis defined as start of second-line treatment) and its 
competing risk death before treatment failure. Future analyses should also consider the 
treatment strategy of switching to another type of systemic therapy before progression in 
patients with stable disease or partial response. 

Analysis of second- or third-line treatment is more complicated, as a patient can transit from 
first-, to second- to third-line treatment after (or without) progression, with the risk of dying at 
any time. In multi-state models, the sequences of states (that one patient can experience 
sequentially) and the competing risks (that are mutually exclusive) are modelled to evaluate 
the effect on the long-term outcomes.67,77 Now that the treatment landscape for advanced 
melanoma has stabilized with anti-PD-1 monotherapy, BRAF plus MEK inhibitors and 
ipilimumab plus nivolumab as dominant treatments [Chapter 2], these analyses can help 

optimize treatment sequencing. 

Statistical errors 

Confounding by indication is a type of confounding bias that can lead to false inferences about 
the observed outcomes. There is confounding by indication when patient and/or disease 
characteristics are associated with the treatment choice and the outcome of interest. For 
advanced melanoma in the Netherlands, there are no guidelines for treatment choice and 
treatment choice depends on a patient’s suitability to undergo treatment, as assessed by the 
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treating medical oncologist. For targeted- or immunotherapy in advanced melanoma, 
experience had to be gained in daily clinical practice with newly available drugs. This also 
changed how targeted- or immunotherapies were used by medical oncologists in different 
melanoma centres over the years.  

Confounding by indication can be illustrated by patients with advanced melanoma who received 
targeted therapy. These patients had worse prognostic characteristics than patients who 
received immunotherapy.36 This is probably because medical oncologists wanted to use the 
high response rate and shorter time to response of targeted therapy.3,21,78 Immunotherapy with 
ipilimumab plus nivolumab is usually preferred in patients with a higher burden of disease, no 
BRAF V600 mutation, asymptomatic brain metastases, liver metastases, who are younger and 
have a low ECOG performance score, because this treatment is more burdensome.31 As a 
consequence, a survival benefit of a therapy is not only due to treatment effect, but to the 
prognostic characteristics of the patient. 

Fortunately, there are methods that adjust a large part of confounding by indication, such as 
multivariable models and propensity score matching. These methods correct for known and 
measured confounders. Prognostic factors for advanced melanoma were extensively 
registered in the DMTR. Using the DMTR data, first-line anti-PD-1 antibodies showed a survival 
benefit over first-line BRAF plus MEK inhibitors in a propensity score matched cohort.36 Another 
method, which we will not further describe, is the instrumental variable analysis in which a factor 
that influences treatment choice independently of patient characteristics (an instrumental 
variable) is used as means of randomisation.79 

Another statistical error to avoid is immortal time bias. This occurs when groups are analysed 
whose patients do not acquire membership until some time after the start of follow-up. Patients 
who fail before the future event cannot belong to a group. This is in fact a selection bias based 
on a future event. In our study of ipilimumab plus nivolumab, there would be immortal time bias 
if survival of patients who discontinued treatment due to grade 3 or 4 AEs were compared to 
the remaining patients. Patients who die before they can develop an AE cannot acquire 
membership of the groups that discontinued treatment due to grade 3 or 4 AEs. This statistical 
error can be avoided with models that take time-dependent information into account (e.g., time-
dependent covariates in Cox models). A limitation of the DMTR data was that information on 
when a grade 3-4 AE occurred was missing. 

Lead time bias occurs when there is an artificial survival advantage, because a disease stage 
can be identified earlier by, for example, improved imaging techniques.80 Given that there were 
new treatment options for advanced melanoma, it paid off to search more intensively for 
metastasis at an earlier stage. For advanced melanoma in the Netherlands this phenomenon 
could not be investigated with the DMTR data. For advanced melanoma no guideline changes 
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for staging occurred in the Netherlands and we assume that lead time bias only had a small 
effect. 

Future of the Dutch Melanoma Treatment Registry 

Post-marketing requirements 

Although DMTR data have already been used for many purposes, one could go one step further. 
A disease-specific registry can also serve the post-marketing study commitment that is 
required by of the regulatory authorities (e.g., EMA and FDA). Currently, post-approval clinical 
trials are conducted by the pharmaceutical companies, but real-world patients are still 
underrepresented and these trials often lack a comparator. By replacing the post-approval trials 
with disease-specific registries unnecessary duplication of effort and data can be avoided and 
a more inclusive population can be investigated. Ismail et al. have already shown that disease-
specific registries have the potential to serve as post-approval trials.50 Pharmacovigilance can 
also be conducted with the DMTR data as toxicity data is registered. In the field of haematology 
an initiative called the GoCART coalition was started for this purpose among others.81 

Serving a multitude of purposes increases the relevance, cost-effectiveness and complexity of 
a registry, as participating stakeholders may have conflicting interests. Aligning the aims of a 
registry and the interests of stakeholders is a delicate and time-consuming process.82 However, 
given the financial burden that new innovative drugs pose to society, it could be argued that 
surveillance of new drugs in real-world setting should be a requirement.  

Utilizing all data sources  

Data sources that already exist can, in theory, enhance real-world data. As stated before, 
financial data can increase efficiency of data collection. Utilising data on whole genome 
sequencing from the tumour and the host, molecular and pathology data could mean an exciting 
step forward to achieving real-world evidence and personalising medicine for (advanced) 
melanoma. International collaboration between melanoma registries around the world can 
boost melanoma research and quality of melanoma care; rare melanomas can be investigated 
and comparison of outcomes between countries becomes possible. Besides research, the 
international community can learn with and from each other on how data can be shared under 
the GDPR legislation, how registries should be designed and how data should be registered.  

Trials within cohorts 

Disease-specific registries could even be used to execute randomised controlled trials with the 

Trials within Cohorts (TwiCs) approach.83 The principle of this method is that all eligible 
patients are identified within a registry. Some of these eligible patients are 
randomly selected to be part of the intervention group. The outcomes of the 
intervention group are compared to the remaining eligible patients. Especially in 
a versatile treatment environment, as was the case for advanced melanoma, the 
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control group more naturally receives the optimal care in daily clinical practice in 
that time frame (rather than a static control-group like standard care). Informed-
consent replicates the normal process in daily clinical practise. Innovative 
treatments can reach patients even faster with this real-world approach of phase 
III trials. 

To conclude: from trials to real-world to the individual patient 
This thesis provides real-world evidence for new systemic therapies for advanced melanoma 
that bridges part of the knowledge gap between clinical trials and real-world. Disease-specific 
registries such as the DMTR can play an important role in generating real-world evidence that 
can benefit patients, doctors and other healthcare stakeholders. By using all available real-world 
data, research can be stimulated and the quality of melanoma care can be improved. The next 
step is to use real-world evidence to personalize melanoma care to support informed decision-
making. Because, in the end, all that matters is the individual patient.  
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