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Introduction

Melanoma is the most lethal skin tumor and its incidence 
has increased dramatically in the western world during 
the last decades. The adjusted incidence rate of melanoma 
in Spain is 5.2 per 100,000 inhabitants/year, with higher 
prevalence among women (2.7% of all female cancers) than 
men (1.5%). This gender imbalance is maintained across 
the rest of Europe (1-3). More than 5,000 new melanoma 
cases are diagnosed in Spain every year and up to 19–25% 
present with advanced stage disease, with very few options 
for curative treatment. Consequently, the crude mortality 
rate has increased from 700 to more than 900 patients per 
year (4-7).

New in-depth understanding of the biology of 
melanoma in the last 5 years has led to the identification of 
actionable driver mutations as well as detailed knowledge 
of the mechanisms that regulate the anticancer immune 
response. This has led to significant changes in the 
management of metastatic melanoma, including the 
approval of several BRAF and MEK inhibitors (vemurafenib, 
dabrafenib, trametinib and cobimetinib) as well as a 
variety of monoclonal antibodies targeting immune 
checkpoint receptors: ipilimumab (against the cytotoxic 
T-lymphocyte-associated protein 4, CTLA-4), nivolumab 
and pembrolizumab, (against the human programmed cell 
death 1, PD-1 receptor). The use of these new agents has 

modified the natural history of this disease by increasing 
the response rate, with an unprecedented prolongation of 
survival and marked improvements in quality of life (8-30) 
(Figure 1).

The rapidly expanding range of new therapeutic options for 
melanoma has also led to a significant increase in the number 
of clinical trials (CTs) (Figure 2) and scientific publications in 
this field (Figure 3), obliging healthcare professionals (HCPs) 
to keep constantly up to date when taking evidence-based 
clinical decisions. However, the sheer volume of information 
available, as well as the complexity in terms of interpretation 
and the accessibility of original platform sources can be 
discouraging for practicing physicians. 

Herein we discuss Infomelanoma 2020 (IM2020), an 
online informatic tool that facilitates easy access to the 
most updated and relevant data on melanoma patient 
management, adapted to current Spanish regulations. This 
tool compiles and analyzes information organized into 
different sections: current approved treatments, CTs and 
centers where those trials are being conducted, and relevant 
key related publications. This way it can offer integrated 
online information that eases access to updated data on 
the three mentioned categories. In this paper we describe 
the process of development of Infomelanoma 2020 and its 
potential usefulness for all HCPs involved in melanoma 
patient care.
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Material and methods

The concept, design and implementation of IM2020 
were carried out by a multidisciplinary melanoma expert 
committee (MMEC)—including medical oncology, 
dermatology and pathology specialists with great experience 
in melanoma management, including the creation of 
melanoma-consensus documents and the technical support 
of a software engineering consultant.

The tool was developed from March 2013 to June 2016, 

in two sequential phases. The first was the development of 
Infomelanoma Gestion, a repository of: (I) key clinical and 
molecular characteristics that define different melanoma 
patient profiles; (II) the most relevant information about 
available treatments (ATs) and (III) active CTs and related 
scientific publications. The repository allows performance of 
searches based on key clinical and molecular characteristics 
of the patient, access to the most relevant information about 
ATs as well as CTs and related scientific publications. The 
second phase was the development of IM2020 online version 

Figure 1 Latest regulatory approvals (EMA and AEMPS) for metastatic melanoma treatment. EMA, the European Medicines Agency.
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Figure 2 Number of clinical trials in Europe. (A) Number of melanoma-related CTs conducted over the past 16 years, displayed by 
European country. Data accessed from clinicaltrial.gov (Dec 31th, 2016); (B) number of currently active CTs in melanoma, displayed by 
European country. Data accessed from clinicaltrial.gov (Dec 31th, 2016). 
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Figure 3 Melanoma related publication number, as a function of year, during the last 50 years. PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) search using keywords “oncology” + “melanoma” and activating the search criteria of “clinical trial” and “review”.
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with open access to registered melanoma specialists.
During the first stage of development, the MMEC 

identified and selected the most relevant clinical and 
molecular variables required to define the specific melanoma 
patient profiles, and held several meetings throughout 
2013 and 2014 to reach a consensus about variables that 
should be addressed when establishing the search criteria 
for information regarding ATs, CTs and related scientific 
publications, as well as to test the validity of the developed 
algorithms.

The identification and selection of variables were 
based on the responses of each member of the MMEC to 

questions designed to elucidate the internal localization 
algorithm (ILA) with a deterministic approach. The three 
questions used were: (I) which publications of interest do 
you consider support the clinical variables for the choice 
of treatment for a patient with metastatic melanoma? (II) 
Which clinical variables are different in the current CTs 
from those that have been performed so far? (III) Taking 
into account all the areas involved, draw an algorithm of 
predictive variables you deem to be the most appropriate to 
guide clinicians in the best management of the patient with 
metastatic melanoma, and list them in order of relevance.

Regarding the first question on relevant bibliography to 
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define these variables, the members of the MMEC agreed 
that several published guidelines of disease management, 
in all their versions (National Comprehensive Cancer 
Network, European Society for Medical Oncology or 
European Association of Dermato-oncology guidelines), 
clarified in a unique way the clinical variables to be taken 
into account in the approach to the patient with melanoma 
(31-33). Localization, subtypes of melanoma (cutaneous, 
mucous, uveal, etc.), testing of specific molecular targets 
(BRAF, NRAS, PDL1-2, SPARC, etc.), previous treatments, 
sequence of treatments and presence of brain metastases 
were discussed with regard to CTs. 

The following clinical criteria were defined by consensus 
for segmenting data by the tool according to ATs, CTs and 
key related scientific publications: disease stage, primary 
melanoma site, tumor molecular characteristics (to define 
melanoma subtypes based on the status of key genes 
involved), performance status, previous treatment and 
presence or absence of brain metastases. 

CTs selection was based on the identification of those 
trials currently active and recruiting in Spain. Active 
treatments were included based on: (I) the summary of 
product characteristics (SmPC) of all those drugs that had 
received approval for melanoma before 2011, regardless of 
which regulatory agency had issued its resolution; (II) from 
2011, the tool would include and update datasheets of drugs 
approved by the European Medicines Agency (EMA).

Finally, for the category of publications, those that 
provided the most relevant data leading to the regulatory 
approval of drugs for the indication of melanoma were 
selected.

A careful review of all the information resources to be 
included in Infomelanoma Gestion was also performed during 
the MMEC meetings.

Results

A detailed description of the development process of the 
Infomelanoma Gestion and the IM2020 online version is 
presented below. The tool’s start-up test metrics are also 
shown.

Infomelanoma Gestion 

For the development of Infomelanoma Gestion, the most 
important information on CTs, ATs and melanoma related 
publications—obtained from public databases including 
ClinicalTrials.gov (www.clinicaltrial.gov), EMA (www.

ema.europe.eu) and PubMed.gov (www.ncbi.nlm.nih.gov/
pubmed)—was loaded into the repository. This information 
was labeled piece by piece, according to the clinical 
variables through an ILA developed based on the following 
characteristics and nomenclature:

(I)	 Variables. Ordinal dichotomous or categorical 
items, identified by the MMEC, that may present 
different levels or categories and determine the 
elements displayed following a search profile; 

(II)	 Profile or search profile. A specific combination 
of values of the aforementioned categories in 
the variables selected by user HCPs. The profile 
determines the outcoming elements and is a 
number formed with as many digits as variable 
values. Each profile digit corresponds to a variable 
and generates a single panel. Each variable modifies 
a digit in the profile and each digit takes the value 1, 
2, 3 or 4 depending on the category of the selected 
variable;

(III)	 Locator. An array of digits or alphanumeric 
characters associated with an element linked, in 
turn, to the corresponding variables that indicates 
whether this element appears in the panel for a 
particular profile;

(IV)	 Elements. It is estimated that the application 
contains ~220 items that correspond to 100 CTs, 
100 scientific publications and 20 drugs. Within 
each element, the following relevant information is 
found:
(i)	 CTs: the information provided is the title, 

status of enrollment, experimental drugs, 
phase, sponsor and additional information 
regarding eligibility criteria and sites involved 
in the trial;

(ii)	 Approved therapies: the tool provides trade or 
generic names, pharmaceutical company and 
the main indication according to the EMA;

(iii)	 Scientific publications: the information 
provided includes the title, author names, 
date of publication, journal title and scientific 
level of evidence according to CONSORT 
criteria.

Each element has a direct link to public websites 
where it is possible to enrich the search accessing to more 
information such as SmPC—located in the EMA website—
abstracts published in Pubmed.gov and clinical studies 
reported in Clinicaltrials.gov.

Validation of all the elements and locators assigned 
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according to the clinical variables was performed by the 
MMEC.

IM2020 online version 

IM2020 online version allows the elements that best fit the 
introduced patient profile to be found. Within the IM2020 
online version, the Infomelanoma Selector tool allows the user 
the option to introduce all the known variables, leaving 
blank those that were not considered unknown. When the 
search tab is clicked, the system lists the results categorized 
as CTs, ATs and scientific publications. The user can 
browse the list, access all the information collected from 
each section and consult the original source of the element 
through an external direct link. Furthermore, the tool 
offers the possibility to generate and print all the selected 
information in PDF format. IM2020 can be found online 
on the Spanish Melanoma Group (GEM) webpage (http://
www.groupgem.org/infomelanoma-2020/) and its access is 

restricted to the group members.
To maximize usage of the online tool, spread awareness 

among oncologists and facilitate the use of IM2020 from 
any mobile device, the flexible and scalable technology 
used has subsequently been extended to iOS and Android 
operating systems (June 2016) allowing its use in various 
models of smartphones and tablets. The mobile application 
(APP) possesses a validation and registration system for 
HCPs together with pre-registration for GEM members. 
IM2020 preserves anonymity of patients and HCPs 
uploading the data in compliance with Personal Data 
Protection Regulations in Spain (34). The APP can be 
downloaded through Apple App Store and Google Play 
Store and is connected in real time with the Infomelanoma 
database. Additionally, the use of the digital tools is 
monitored to obtain real time metrics showing qualitative 
and quantitative data.

IM2020 online version has currently been running since 
April 2015 and is directed at the GEM scientific community 
membership.

Start-up test metrics

The metrics of IM2020 online version have been conducted 
on a monthly basis from May 2015 to December 2016, 
and statistics of web visits, requests, most frequent 
patient profile prospected (Table 1), number of listed 
CTs, publications and ATs included in the final results 
report (Table 2) obtained. The results of the latest analysis 
found 417 accessions from May 2015 to December 2016  
(Figure 4A). Regarding the APP, 46 IOS and 10 Android 
downloads and 32 registrations have been recorded  
(Figure 4B). A total of 356 searches were performed from 
March 2015 to December 2016 (Figure 4B).

Lastly, it is worth mentioning that, so far, the majority of 
the IM2020 searches encompassed melanoma patients with 
stage IVc, with no previous treatment, BRAF mutated and 
with no presence of brain metastasis (Table 1).

Discussion

The amount and relevance of medical data in the field of 
melanoma has been steadily increasing in recent years. 
These fast paced advances have led to a growing need for 
effective compilation and accessibility of information to 
HCPs in order for them to take the best informed clinical 
decisions. In the era of Big Data, new technologies to assist 
in data collection, retrieval and interpretation improve 

Table 2 Total listed items

Element Categories

Trials 1,031

Publications 1,012

Drugs 235

Table 1 Most frequently-searched patient profile criteria

Variable Category

Stage IVc

Metastasic or unresectable disease Yes

Primary melanoma location Cutaneous

BRAFa Not available/unknown

NRASb Not available/unknown

C-KITc Not available/unknown

GNAQd Not available/unknown

PSe 0

Previous treatment for metastasic or 
unresectable disease

No

Localization of the metastasis Not in the brain

a, B-Raf proto-oncogene, serine/threonine kinase; b, neuroblastoma 
RAS viral oncogene homolog; c, KIT proto-oncogene receptor 
tyrosine kinase; d, G protein subunit alpha q; e, performance status.
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clinical decision-making, increase productivity and reduce 
unnecessary procedures, saving time and effort, as well as 
diminishing the costs of care (35-39).

Here we describe the development of IM2020, a free-to-
use online tool that facilitates access to relevant and updated 
scientific information on melanoma for Spanish-speaking 
oncologists and other qualified medical practitioners. 
The tool was designed within a framework that considers 
all the relevant clinical profiles needed for melanoma 
patient care, including prevention, early detection, tumor 
genomics, staging, targeted therapies, immunotherapy 
and CTs. Ultimately, the main objective of this tool is to 
improve care, facilitate data sharing and aid decision with 
a first-in-class tool providing a simple, intuitive and robust 
user experience that allows physicians to obtain in “one 
shot” rapid, reliable and high-quality evidence-based data 
regarding therapeutic recommendations, CTs and relevant 
key related publications.

The early metrics offered by the tool reflect pervasive 
use and the reliance on it. Interestingly, the number of 
uses has shown an increasing trend, registering a peak on 
May 2016 (concurring with the launch of the mobile app) 
followed by a decline during the following months (probably 
corresponding to the summer holiday period), whereas 
reported searches have fluctuated, reaching their highest 
value in June 2016.

In terms of patient profile requests, these metrics provide 
additional insights about the most relevant areas of interest for 
melanoma specialists, which can allow recognition of the unmet 
medical needs of certain types of patients and lead to a more 
customized continuous medical education and communication 
strategy. A robust communication plan and the development 

of accessible and easy-to-use tools, such as the IM2020 mobile 
app, offers great potential to maximize the use of the tool 
among oncologists and other melanoma professionals as well 
as rotating residents in melanoma departments of healthcare 
centers in Spanish-speaking countries. 

It is important to note that, although we believe that 
IM2020 may become relevant to improve the recruitment 
of patients in CTs in Spain and increase knowledge of 
melanoma management, we acknowledge that, currently, 
the scope of this tool must be considered as an exploratory 
trial action aimed at raising awareness and generating 
interest in the field. However, there is much room for 
improvement.

A close follow-up of IM2020 use, and of input and 
suggestions from users, is scheduled for the coming months. 
Metrics will be obtained periodically and confidentially 
supervised and reviewed within the GEM as the most 
accurate way to track the real value and the perceived quality 
of the tool. There is no planned perspective of using or 
sharing the obtained data on patterns of searches, or patient 
profiles consulted, outside of the closed environment and 
objectives of the GEM, which are to improve knowledge, 
quality care and top class clinical and translational research 
for the Spanish-speaking community. Additionally, the 
above mentioned metrics will not have any epidemiological 
value, but could be offer insights into the educational needs 
of GEM associates or a way to facilitate more efficient CT 
referrals.

To fulfill its objectives, Infomelanoma Gestion database will 
be enriched by the MMEC according to the most updated 
data of the three categories—CTs (every 3 months), peer 
reviewed publications (every month) and ATs available in 

Figure 4 Metrics of Infomelanoma 2020. (A) Online tool accessions; (B) app downloads.
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Spain (as soon as medical centers inform the GEM office)—
following the same criteria established at its inception  
in 2014.

As a result of a better understanding of the molecular and 
immunological pathways associated with disease progression, 
future versions of the tool are expected to include not only 
molecular but also immunological biomarkers that are 
expected to change the field tailoring approved treatment to 
specific biological and clinical profiles (40,41).

In summary, the final value of this digital tool resides 
in its practicality as an aid in clinical decision-making by 
HCPs in their day to day activities on melanoma care. If this 
objective is realized, the IM2020 experience could represent 
a pioneering step, indicating that this digital approach can 
be expanded to other tumor types through a pan-tumor 
application or even used as a valuable resource exportable to 
other diseases.
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