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1. Zusammenfassung 

Die Behandlung von Krebspatienten steht vor einer Versorgungs-Herausforderung. Das 

Grundverständnis von Krebserkrankungen und somit auch neuen Behandlungsoptionen 

wächst rasant. Eine scheinbar unübersichtliche Vielzahl innovativer und effektiver 

Krebsmedikamente bietet neue Therapieansätze und eine bessere Versorgung von 

Erkrankten.  

In der täglichen klinischen Routine sehen Onkologen üblicherweise viele Patienten mit 

unterschiedlichen Tumoren und müssen umfangreiche Befund- und Therapiegespräche 

führen. Im medizinischen Alltag fehlt oft die Zeit, einfühlsame Gespräche mit Patienten zu 

führen, deren optimale Versorgung zu gewährleisten und sich über neue 

Behandlungsmöglichkeiten mit Kollegen auszutauschen. 

In der Gesamtheit stehen Ärzte somit vor der Herausforderung, die rasanten Entwicklungen in 

Diagnostik und Therapie zu erfassen und diese unter ständigem Zeitdruck umzusetzen. Daher 

stellt sich die entscheidende Frage, wie sich unter diesen schwierigen Umständen die 

bestmöglichen Therapieentscheidungen treffen lassen.  

Zur Entscheidungsfindung orientieren sich Ärzte insbesondere an den Leitlinien der 

Fachgesellschaften und an Empfehlungen von multidisziplinären Tumorboards (MDT). Bei 

Letzteren handelt es sich um eine Expertenrunde erfahrener Mediziner unterschiedlicher 

Fachrichtungen, die sich regelmäßig treffen und die Therapiemöglichkeiten jedes einzelnen 

Krebspatienten diskutieren. Im Anschluss wird gemeinsam ein Behandlungsplan erstellt. Diese 

Vorgehensweise bildet nicht zwangsläufig den aktuellen Wissensstand ab, da auch in 

aktuellen Leitlinien beispielsweise neu zugelassene Medikamente fehlen können. Außerdem 

ist die Qualität der Entscheidungen von multidisziplinären Tumorboards hochgradig von der 

Erfahrung, der Qualifikation und dem aktuellen Wissen der teilnehmenden Ärzte abhängig.1 

Diese Gründe können zur  Abweichung von der als besten klinischen Praxis betrachteten 

Behandlung führen und es kann davon ausgegangen werden, dass ein relevanter Anteil der 

Krebspatienten keine optimale Behandlung erhält.2-4 Eine Auswertung der Nationalen 

Krebsdatenbank (USA) zur Behandlung von Melanomen zeigte zum Beispiel, dass etwa 20 % 

der Patienten mit T2/3-Melanomen nicht gemäß den Leitlinien behandelt wurden.5 

Um die Qualität onkologischer Behandlungen zu gewährleisten, wurde die Zertifizierung von 

Kliniken als Krebszentrum durch die Deutsche Krebsgesellschaft etabliert.  

Zertifizierte Krebszentren sind unter anderem verpflichtet, alle Krebspatienten in 

multidisziplinären Tumorboards zu besprechen, um die Zertifizierungsanforderungen 
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fortlaufend zu erfüllen. Gemäß den Zertifizierungskriterien müssen alle Behandlungsfälle ab 

Stadium IIC aufwärts in multidisziplinären Tumorboards vorgestellt und die gegebenen 

Empfehlungen dokumentiert werden. Dabei ist zu beachten, dass Fälle, deren 

Behandlungskonzepte ohne umfangreiche Diskussion entschieden werden können, bereits 

bei der Anmeldung zur Konferenz als Standardfälle definiert und damit im Konferenzprotokoll 

gekennzeichnet werden können. Als Standardfälle gelten in diesem Zusammenhang 

eindeutige Leitlinienfälle, z. B. Frühstadien, die keiner ausführlichen interdisziplinären 

Diskussion bedürfen. In der klinischen Realität führte die Zertifizierungsvorgabe, auch 

Standardfälle zu diskutieren, somit zu einer erheblichen Zunahme der Fallbesprechungen pro 

Tumorboard mit absehbar weniger Zeit und Aufmerksamkeit zur Besprechung komplexerer 

Tumorfälle.  

Paradoxerweise gibt es kaum Untersuchungen zur Objektivierung der Qualität von 

Behandlungsentscheidungen multidisziplinärer Tumorboards, obgleich die Notwendigkeit 

hierzu offensichtlich ist. Insbesondere, das Fehlen einer Qualitätsevaluierung individueller 

Therapieentscheidungen in der evidenzbasierten Krebsbehandlung stellt eine Lücke im 

derzeitigen Stand der Forschung dar.1, 6 

Ziel dieser Arbeit war es, ein Entscheidungsunterstützungssystem zu validieren, das 

Behandlungsempfehlungen bereits bei Konferenzanmeldung für jene Fälle erteilt, die sich 

durch eindeutige und aktuelle Vorgaben der Leitlinien herleiten lassen und diese als 

"Standardfälle" klassifiziert. Laut DKG-Vorgaben können diese bereits bei Anmeldung mit 

einer Therapieempfehlung versehenen Standardfälle nur noch im Konferenzprotokoll 

aufgeführt werden. Eine zeitaufwändige Diskussion erfolgt somit nur noch optional. Dies 

ermöglicht den Teilnehmern der Tumorkonferenz mehr Zeit für die Diskussion komplexer Fälle. 

Das Bestreben der vorliegenden Arbeit bestand also nicht darin, digitale Empfehlungen für alle 

Fälle zu erteilen, die in multidisziplinären Tumorboards vorgestellt werden oder die klinische 

Erfahrung der Ärzte zu ersetzen. Sie zielte stattdessen auf die Notwendigkeit ab, diese 

kritischen Konferenzen zeitlich zu entlasten, damit die Teilnehmer ihre Expertise auf die 

komplexeren Tumorfälle konzentrieren können. 

 

2. Einleitung  
Die Präzisionsmedizin entwickelt sich rasant und DSS bieten ein immenses Potenzial zur 

Unterstützung der klinischen Entscheidungsfindung. Zukünftig werden Ärzte vermehrt im 

Alltag auf Entscheidungsunterstützungssysteme zurückgreifen können, einschließlich auf 

künstlicher Intelligenz (KI) basierende Systeme. Die KI soll in diesem Kontext die Lücke 
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zwischen einer unübersichtlichen Vielzahl an Therapiemöglichkeiten und einer damit 

einhergehenden erschwerten klinischen Entscheidungsfindung schließen.6-8     

 

Auf den ersten Blick scheinen KI-basierte Systeme gut geeignet zu sein, um die immensen 

Mengen medizinischer Daten nach Korrelationen und Mustern zu analysieren und daraus 

Therapieempfehlungen abzuleiten. Im Einklang mit dieser Annahme haben beispielsweise KI-

basierte DSS bei der Analyse radiologischer Bilder für unterschiedliche Krebserkrankungen 

eine hervorragende Genauigkeit und Sensitivität gezeigt.9-12 

 

Im Gegensatz zur Analyse von Bilddaten bieten KI basierende Systeme bislang keine 

verlässliche Unterstützung bei onkologischen Therapieempfehlungen. Hier gelingt es selbst 

bei vermeintlich einfachen Standardfragen zur Erstlinientherapie nicht, eine ausreichende 

Empfehlungsicherheit zu gewährleisten.13, 14 

 
Ein Beispiel hierfür ist der KI-basierte Algorithmus Watson for Oncology (WFO), der entwickelt 

wurde, um Behandlungsempfehlungen für Krebspatienten zu geben. Die WFO-Empfehlungen 

stimmten zu 12 % (Magenkrebs), 80 % (Dickdarm- und Brustkrebs) und 93 % (Eierstockkrebs) 

mit den Behandlungsempfehlungen des MDT überein.15-20 Darüber hinaus wurden für andere 

Krebsarten relativ niedrige Konkordanzraten ermittelt.18, 21-23  

 
Die Gründe hierfür sind vielfältig. Eine wichtige Ursache für die negative Performance von 

bisherigen KI-Systemen ist der Mangel an hochwertigen Trainingsdatensätzen. Bei KI-

Systemen zur Bilderkennung sind diese massenhaft und normiert verfügbar, nicht aber als 

reguläre Fälle aus der onkologischen Routineversorgung. 

 

Neben dem Mangel an ordnungsgemäß organisierten und geprüften Trainingsdaten ist als 

weiteres Problem der erhebliche technische, personelle und finanzielle Ressourcenaufwand 

zu nennen, der zur Integration der Systeme in die teils sehr schwachen IT-Strukturen vieler 

Kliniken erforderlich ist.  

 
Nicht zu unterschätzen ist zudem, dass in der Realität Deutscher Kliniken und Arztpraxen viele 

Befunde auswärtiger Institute weiterhin per Post oder Fax zugestellt und erst deutlich 

zeitverzögert in die Klinikinformationssysteme (KIS) oder die Praxissoftware eingescannt 

werden.  In der Planung KI-basierter DSS muss also bedacht werden, dass selbst im Falle 

einer perfekten und maschinenlesbaren Dateninfrastruktur in den Kliniken und Praxen die 

essentiellen Daten zum frühen Zeitpunkt der Therapieentscheidungen noch nicht verfügbar 

sein können. 
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Trotz der zunehmenden Bedeutung von KI-basierten DSS in der Gesundheitsversorgung ist 

ihre Umsetzung in der onkologischen Routineversorgung also noch nicht angekommen und 

bleibt eine Herausforderung. Es bedarf also eines Systems, das unabhängig von vorhandener 

oder nicht-vorhandener Systeminformation die Informationen dort erhält, wo sie erstmals den 

Ärzten vollständig verfügbar sein müssen - bei der Anmeldung eines Patienten zur Vorstellung 

im Tumorboard. 

 

Einen überlegenen und praxisnahen Ansatz für den Einsatz in der klinischen 

Routineversorgung können von Experten kuratierte DSS-Algorithmen bieten, die auf einer von 

onkologischen Fachleuten bereitgestellten Wissensbasis entwickelt wurden.  

 

Wie von Bungartz et al. (2018) beschrieben, bieten diese von Experten kuratierten DSS im 

Vergleich zu KI-basierten Systemen noch weitere Vorteile.24 Insbesondere scheinen Experten-

kuratierte DSS besser in der Lage zu sein, die klinische Realität abzubilden als die bislang 

vorgestellten, KI-basierten Systeme. In dieser Arbeit wird erstmals ein Experten-kuratiertes 

DSS zur Entscheidungsunterstützung in der Therapie des malignen Melanoms vorgestellt.  

 

2.1. Fragestellungen und Ziel der Arbeit 

Ziel dieser Arbeit war es, ein Entscheidungsunterstützungssystem für maligne Melanome zu 

entwickeln, das bereits bei der Konferenzanmeldung Behandlungsempfehlungen für scheinbar 

einfache Fälle gibt und diese als "Standardfälle" klassifiziert. Gemäß den 

Zertifizierungsanforderungen ist die interdisziplinäre Diskussion von Standardfällen im 

Tumorboard fakultativ, sodass mehr Zeit für komplexe Fälle zur Verfügung stehen würde. In 

dieser Hinsicht wird das maligne Melanom als eine geeignete Modellerkrankung für die 

Entwicklung eines DSS für multidisziplinäre Tumorboards betrachtet, da der Melanom-

Behandlungsalgorithmus als vergleichsweise komplex gilt. 

 

Die Fragestellung der vorliegenden Arbeit zielte also darauf ab, den potenziellen Nutzen eines 

DSS zur Optimierung des Arbeitsablaufs von Tumorkonferenzen zu bewerten. Hierzu wurden 

die Konkordanzraten der Diagnose- und Therapieempfehlungen für neu diagnostizierte Fälle 

ermittelt, die von EO und einem zertifizierten MDT für Patienten mit kutanem malignem 

Melanom vorgeschlagen wurden.  
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3. Material und Methoden – Die Publikation 
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Abstract
Purpose Choosing optimal cancer treatment is challenging, and certified cancer centers must present all patients in multi-
disciplinary tumor boards (MDT). Our aim was to develop a decision support system (DSS) to provide treatment recommen-
dations for apparently simple cases already at conference registration and to classify these as “standard cases”. According 
to certification requirements, discussion of standard cases is optional and would thus allow more time for complex cases.
Methods We created a smartphone query that simulated a tumor conference registration and requested all information needed 
to provide a recommendation. In total, 111 out of 705 malignant melanoma cases discussed at a skin cancer center from 2017 
to 2020 were identified as potential standard cases, for which a digital twin recommendation was then generated by DSS.
Results The system provided reliable advice in all 111 cases and showed 97% concordance of MDT and DSS for therapeutic 
recommendations, regardless of tumor stage. Discrepancies included two cases (2%) where DSS advised discussions at MDT 
and one case (1%) with deviating recommendation due to advanced patient age.
Conclusions Our work aimed not to replace clinical expertise but to alleviate MDT workload and enhance focus on com-
plex cases. Overall, our DSS proved to be a suitable tool for identifying standard cases as such, providing correct treatment 
recommendations, and thus reducing the time burden of tumor conferences in favor for the comprehensive discussion of 
complex cases. The aim is to implement the DSS in routine tumor board software for further qualitative assessment of its 
impact on oncological care.

Keywords Malignant melanoma · Algorithm · Multidisciplinary tumor board (MDT) · Tumor board evaluation · Digital 
recommendations · Documentation burden · Digital health · Mobile application · Expert-curated decision support system · 
Oncology

Introduction

Everyday dermato-oncologists face the challenge to ensure 
evidence-based best clinical practice treatment for their 
cancer patients. Continuously updated treatment recom-
mendations lead to an almost incomprehensible number of 
treatment options (Iqvia 2022). In malignant melanoma, we 
are faced with a rapidly changing therapeutic landscape in 
which immunotherapeutics and targeted treatment options 
are the gold standard in palliative and curative treatment 
(DKG 2020). Other potentially new emerging fields are 

neoadjuvant treatment approaches and adapted surgical pro-
cedures at earlier cancer stages (Amaria 2022; Luke 2022).

However, there are often deviations from the treatment 
considered best clinical practice and it must be assumed 
that a significant proportion of cancer patients do not 
receive optimal care (Bierbaum 2020; Bierbaum 2023; 
Heins 2017). An evaluation of the National Cancer Data-
base (USA) on melanoma treatment showed, for example, 
that approx. 20% of patients with T2/3 melanoma were not 
treated according to the guidelines (Narang 2021).

In order to improve the quality of oncological care in 
Germany, the certification of cancer centers was imple-
mented and has since become increasingly mandatory. 
Current data shows that treatment in certified cancer cent-
ers leads to higher treatment quality and better survival David Hoier, Philipp Koll have contributed equally to this work.

Extended author information available on the last page of the article
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rates (Beckmann 2011; Dkg 2019; Kowalski 2022; Modab-
ber 2021; Schmitt 2022; Wolff 2017).

A central feature for certification as a cancer center by 
the German Cancer Society (DKG) is the presentation 
of all treated melanoma patients from Stage IIC in a 
multidisciplinary tumor board (MDT) (Kowalski 2017). At 
the skin cancer center Cologne all melanoma cases from 
stage IIB have to be presented to MDT.

However, the MDT presentation of all tumor patients 
due to certification requirements led to a significant 
quantitative increase in case discussions. Studies have 
shown that this does not automatically translate to an 
increase in quality (Soukup 2016; Walraven 2019).

A large number of cases to be discussed pose a 
challenge to the participants in these boards (Soukup 
2016; Walraven 2019). Data evaluating the extent to which 
MDT improves outcomes remain mixed and some studies 
have found a survival benefit, while others have found no 
such advantage. A 2019 analysis indicated that the 5"year 
survival rate was 15.6% higher among cases in well-
organized MDT but almost 20% lower in disorganized 
MDT compared with no MDT (Keating 2013; Kesson 
2012; Lu 2019; Stone 2020; Wong 2022).

In the end, the quality of MDT’s depends on the 
expertise and motivation of the participants and the time 
available to discuss the individual cases (Jalil 2018).

Decision support systems (DSS) could provide useful 
support here and appear to offer remarkable potential 
(Chen 2016; Letzen 2019; Soukup 2019). Surprisingly, 
however, artificial intelligence (AI)-based DSS have so far 
failed to gain acceptance in the field of clinical oncology 
(Bungartz 2018). This is even the case for standard 
oncological questions regarding first-line therapy (Schmidt 
2017).

Expert-curated DSS algorithms, developed on 
knowledge base provided by oncological professionals, 
might be a superior approach for adequate decision 
support. As described in Nature Biotechnology in 2018, 
these expert-curated DSS provide multiple advantages 
when compared with AI-based systems (Bungartz 
2018). Most importantly, expert-curated systems seem to 
represent clinical reality better than the AI-based systems 
used so far.

The aim of the present study was to evaluate the potential 
benefit of a DSS to optimize the workflow of tumor 
conferences.

Materials and methods

We first created a query that simulated a melanoma tumor 
conference registration and requested all the information 
needed to provide a treatment recommendation. This 
algorithm was then implemented in the established oncology 
smartphone application "EasyOncology" (EO). This certified 
medical product is aimed at specialized personnel and 
provides the treatment concepts for the most common tumor 
entities. Thus, the basis was provided to easily match the 
smartphone DSS recommendations with the real decisions 
of the MDT and to determine the quality of the concordance.

To evaluate the reliability of each DSS recommendation, 
we followed the same approach that was used to assess the 
accuracy of AI-based DSS and benchmarked the digital 
treatment recommendations against real-world MDT 
decisions (Choi 2019; Kim 2019; Lee 2018; Somashekhar 
2018; Yu 2021; Zhou 2019). For this purpose, we determined 
the concordance rates of diagnostic and therapeutic 
recommendations for newly diagnosed cases proposed by 
our DSS and a certified MDT for patients with cutaneous 
malignant melanoma.

Smartphone application

The smartphone application EasyOncology (EO) was 
developed by clinically experienced oncologists and 
is intended to provide evidence-based diagnostic and 
therapeutic recommendations for common solid cancer 
entities. EO’s oncological treatment algorithm “therapy 
finder” is based on a decision tree, which was developed 
through a systematic process with clinical experts in 
oncology across diverse institutions. More precisely, EO’s 
platform is based on current oncological guidelines, (e.g., 
S3-guidelines (Dkg 2020) and NCCN guidelines (Swetter 
2021)), drug approval status, current publications of relevant 
studies, and best clinical practice from leading German 
cancer centers.

Frequent testing and challenging of the algorithm with 
real-world test cases enables identification of practice 
changing medical standards with subsequent corresponding 
adjustment of the query. Finally, frequent version updates 
ensure to display the latest advancements in the field of 
dermato-oncology.

EO was ranked top three in a worldwide comparison of 
157 oncological applications in 2017 and was certified as 
a medical device in 2020 (Calero 2017). The software is 
a CE marked medical device and subject to the according 
regulations to ensure its security and reliability. The software 
relies on anonymous input without exchange of identifiable 
patient information via hospital intranet.



13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal of Cancer Research and Clinical Oncology         (2024) 150:115  Page 3 of 13   115 

In the present work, EO’s therapy finder (version 5.06) 
was used to generate first-line diagnostic and therapeutic 
recommendations for patients with all stages of newly diag-
nosed cutaneous malignant melanoma. This software ver-
sion displayed the 8th edition of the AJCC classification for 
melanoma. A graphic illustration of the App interface of 
EasyOncology’s therapy finder is depicted in Fig. 1.

The DSS query algorithm of EO’s therapy finder 
requests clinicopathologic data to generate treatment 
recommendations in a stepwise fashion.

The variables requested by the DSS included Breslow 
thickness; the presence of an ulceration (pT-stage); the 
histopathologic results of the sentinel lymph node biopsy 
(SLNB); radiologic staging information; the histopathologic 
results of the complete lymph node dissection (CLND); 
the postresection residual cancer status (R0, R1, and R2); 
the clinical and pathological evaluation of in-transit and 
satellite metastases; and the presence of important driver 
gene mutations (i.e., BRAF, NRAS, and cKIT).

The number of input variables necessary to generate a 
treatment recommendation depended on the complexity 
of each case. For simple cases (i.e., early-stage localized 
malignant melanoma) merely two variables are needed for 
DSS output, whereas more complex cases required up to five 
clinicopathologic variables. A simplified graphic illustration 

of how EO’s therapy finder-based DSS generates treatment 
recommendations is depicted in Fig. 2.

Definition of standard cases and study inclusion 
criteria

According to certification criteria, all treatment cases 
from stage IIC upward must be presented in MDT and 
given recommendations are to be documented. Of note, 
those cases whose treatment concepts can be decided 
without extensive discussion can already be defined as 
"standard cases" when registering for the conference and 
thus flagged in the conference protocol. In this context, 
clear guideline cases, e.g., early stages that do not require 
extensive interdisciplinary discussion, are considered as 
standard cases. Since a discussion of these standard cases is 
not mandatory, they do not consume any time of the actual 
conference.

In clinical routine, these possible standard cases are 
often not recognized at the time of registration, for example 
because the registering clinician does not have su"cient 
clinical experience. Thus, an increase in the proportion 
of standard cases that were pre-answered by a DSS could 
relieve the tumor conference accordingly.

Fig. 1  App interface of EasyOncology’s therapy finder: Stepwise 
diagnostic query for malignant melanoma treatment recommendation. 
Relevant information is requested by EO’s query algorithm to enable 
a treatment recommendation. In this example of primary disease, 

the pT-stage is at first requested. Subsequently, the algorithm query 
requires the Breslow thickness, which, in this example, leads to the 
treatment recommendation for stage IA melanoma
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In accordance with the specifications for automatic defi-
nition as a standard case, only cases without complicating 
factors were included in the analysis (Fig 3.). This procedure 
also corresponds to our approach that complicated cases 
should of course be discussed in the tumor board and by no 
means just decided digitally.

Cases with non-cutaneous melanoma (i.e., mucosal 
melanoma, uveal melanoma, or melanoma of unknown 
origin), as well as patients with relapsed disease, with 
secondary cancers, severe comorbidities, patients treated in 
clinical trials, or patients who explicitly declined diagnostic 
procedures (i.e., SLNB) were excluded from evaluation.

By intention, cases with brain metastases were also 
excluded from analysis, as stereo tactical or neurosurgical 
procedures should not be declared as standard cases. 
Lastly, we excluded those cases that lacked relevant 
clinicopathologic data needed as input variables by EO’s 
therapy finder.

Patient selection and study design

Ethical approval to conduct this work was granted by the 
Ethics Committee of the Medical Faculty of the University 
of Cologne (#20-1116).

The retrospective MDT dataset evaluation initially 
included 2399 cases with malignant diseases of the skin who 
received treatment at the Department of Dermatology and 
Venereology, University of Cologne, between January 2017 
and December 2020.

As depicted in the study inclusion flowchart (Fig 3), 
we first excluded all non-melanoma cases. In total, 705 
melanoma cases remained that were screened for eligibility, 

of which 594 patient cases presented to the MDT were not 
suitable for analysis with EO.

Finally, MDT treatment recommendations of 111 cases 
that fulfilled our pre-selection criteria for standard cases 
were included for comparison. Hereafter, the clinical 
information that remained was used to generate a DSS 
treatment recommendation.

Treatment recommendations for each case given by MDT 
or DSS were compiled as response pairs. Subsequently, 
after blinding of decision origin, each response pair was 
assessed for obvious discrepancies in recommendations 
and accordingly classified as “concordant” or “incorrect 
recommendations.”

In a second independent review, an experienced dermato-
oncologist analyzed each non-concordant decision pair for 
their quality of decisions and sub-grouped them in three 
categories, similar to previous publications evaluating the 
DSS Watson for Oncology by IBM (Choi 2019; Kim 2019; 
Lee 2018; Somashekhar 2018; Yu 2021; Zhou 2019):

1. If both decisions of DSS and MDT were identical, 
recommendations were classified as “concordant.”

2. If both decisions of “non-concordant” cases were 
different, but correct clinical alternatives, classification 
changed to "correct alternative recommendation.”

3. Case pairs were classified as "incorrect recommendation" 
if one of the digital or real-world recommendations was 
either incongruent with current best clinical practice 
guidelines or did not provide any recommendation, at 
all.

In fact, if using comparative cases from the past, the 
DSS will provide an updated treatment recommendation, 
thus leading to a concordance rate that only reflects the 

Fig. 2  Query algorithm of EasyOncology’s therapy finder-based 
DSS. Depending on the selected initial diagnosis relevant diagnostic 
steps are requested by EO’s query algorithm until a treatment rec-
ommendation is given." Abbreviations: a:" including satellite and in-

transit metastases; b:"determined by Breslow thickness (in mm) and 
presence of an ulceration; c:"sentinel lymph node biopsy; d:"complete 
lymph node dissection



15 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal of Cancer Research and Clinical Oncology         (2024) 150:115  Page 5 of 13   115 

change of treatment concepts between two time points. 
Therefore, we assumed historic MDT treatment decisions 
to be correct and decided to classify this time-dependent 
deviation in the same group as those more actual cases 
with correct alternative recommendation according to 
best clinical standard.

As an example, for the group of "correct alternative 
recommendation” cases, our DSS recommended adjuvant 
therapy based on the mutational status, whereas, prior 
to 2018, MDT issued a recommendation for adjuvant 
interferon.

Finally, “incorrect recommendations” cases were 
analyzed in detail to identify potential algorithm query 
errors. The evaluation process is depicted in Fig. 4.

Data analysis and statistics

Descriptive statistics and data analysis were carried out 
using IBM’s statistics software SPSS version 28 and 
Microsoft Excel. Descriptive statistics were depicted as 
numbers, percentages, or median. In line with previous 
publications, the concordance rate was presented as 
a percentage agreement between DSS and MDT, i.e., 

Fig. 3  Flowchart of patient case 
exclusion process
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overallconcordance = concordantrecommendations+correctalternativerecommendations
allrecommendations

 
(Choi 2019; Kim 2019; Lee 2018; Somashekhar 2018; Yu 
2021; Zhou 2019). After assigning patients to the concordant 
or the non-concordant group, a Chi-squared test was used 
to compare categorical variables and the Mann–Whitney U 
test was applied to compare ordinal and numerical variables 
between the groups. Statistical significance was assumed if 
the p-value was < 0.05 for all statistical analysis. Graphics, 
charts, and tables were generated using SPSS, Microsoft 
Excel, and PowerPoint.

Results

Descriptive statistics

Clinicopathologic characteristics of 111 malignant 
melanoma patients fulfilling our predefined standard case 
inclusion criteria for the determination of concordance are 
depicted in Table 1.

Median age of these patients was 62 years [interquartile 
range 52–72], and most patients (n = 93, 83.8%) had a good 
performance status (Eastern Cooperative Oncology Group 
(ECOG): 0) (<.001). At initial diagnosis, the majority of 
patients (n = 99, 89.2%) presented with localized melanoma, 
7 (6.3%) presented with “regional lymph node metastases,” 
and 5 (4.5%) of them had “metastatic melanoma.” Ninety 

(81.1%) patients underwent a “sentinel lymph node biopsy” 
(SLNB) of whom 76 (68.5%) had at least one “positive” 
SLNB and 14 (12.6%) had a “negative” SLNB. A “complete 
lymph node dissection” was performed in 1 (0.9%) case. The 
number of patients with stage I, II, III, and IV melanoma was 
3 (2.7%), 19 (17.1%), 85 (76.6%), and 4 (3.6%), respectively.

Concordance rates

In decisions regarding the optimal first-line treatment for 
patients with malignant melanoma, the overall concord-
ance rate between recommendations proposed by our DSS 
and those given by MDT was 97%. This includes 87 (78%) 
“concordant” cases and 21 (19%) “correct alternative rec-
ommendation” cases (Fig. 5a). Treatment concordance rates 
according to malignant melanoma stages, i.e., I, II, III, and 
IV, were 100%, 95%, 98%, and 100%, respectively (Fig. 5b). 
Quality of concordance was independent of age, melanoma 
stage, histologic subtype, gene mutation status, and complete 
lymph node dissection.

Non-concordant cases

As requested by protocol, the 3 “incorrect” cases were ana-
lyzed to identify potential systematic errors caused by our 
DSS decision algorithm. This independent review process 
was performed by an experienced dermato-oncologist. Two 
of these non-concordant cases with high-risk melanoma 

Fig. 4  Flowchart for evaluat-
ing decision concordance of 
recommendations given by 
MDT or DSS. A first evalua-
tion compared DSS and MDT 
treatment recommendations 
for concordance. Discordant 
recommendations were blinded 
to their origin and analyzed in 
detail by an dermato-oncologist, 
who categorized each recom-
mendation either as “concord-
ant recommendation,” "correct 
alternative recommendation" or 
as "incorrect recommendation"
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Table 1  Clinicopathologic 
characteristics of malignant 
melanoma patients selected for 
concordance analysis

Values are presented as median or number (%). Concordant cases include “concordant” cases and cases 
defined as "correct alternative recommendation” cases
ECOG Eastern Cooperative Oncology Group; NA not available (not relevant or” pending” for EO‘s 
query); R0 no residual cancer; R1 macroscopic residual cancer removed, while margins remain positive for 
microscopic residual cancer. Bold type numbers indicate statistical significance
**denotes that the p-value is significant at 1% level, and * that the p-value is significant at 5% level

Clinicopathologic characteristics n (%) concordant non-concordant p-value

Malignant melanoma patients 111 108 3
Median age (range) 62 (52–72) 59 (51–70) 57 (57) .476
≤ 45 16 (14.4%) 16 (14.8%) 0 (0%) .553
45–65 43 (38.7%) 41 (38.0%) 2 (66.7%)
" 65 52 (46.8%) 51 (42.7%) 1 (33.3%)
ECOG performance status, n (%) .011*
ECOG 0 93 (83.8%) 91 (84.3%) 2 (66.7%)
ECOG 1 9 (8.1%) 9 (8.3%) 0 (0%)
ECOG 2 6 (5.4%) 6 (5.6%) 0 (0%)
ECOG 3 3 (2.7%) 2 (1.9%) 1 (33.3%)
Status at initial diagnosis, n (%) <.001**
Localized melanoma 99 (89.2%) 98 (90.7%) 1 (33.3%)
Regional lymph node metastases 7 (6.3%) 5 (4.6%) 2 (66.7%)
Metastatic melanoma 5 (4.5%) 5 (4.6%) 0 (0%)
Melanoma stage, n (%) .871
I 3 (2.7%) 3 (2.8%) 0 (0%)
II 19 (17.1%) 18 (16.7%) 1 (33.3%)
III 85 (76.6%) 83 (76.9%) 2 (66.7%)
IV 4 (3.6%) 4 (3.7%) 0 (0%)
Histogenetic type, n (%) .906
Superficial spreading melanoma 26 (23.4%) 26 (24.1%) 0 (0%)
Nodular melanoma 47 (42.3%) 45 (41.7%) 2 (66.7%)
Lentigo maligna melanoma 1 (0.9%) 1 (0.9%) 0 (0%)
Acral lentiginous melanoma 5 (4.5%) 5 (4.6%) 0 (0%)
Amelanotic melanoma 5 (4.5%) 5 (4.6%) 0 (0%)
NA, other type 27 (24.3%) 26 (24.1%) 1 (33.3%)
Sentinel lymph node biopsy, n (%) .001**
Positive 76 (68.5%) 76 (70.4%) 0 (0%)
Negative 14 (12.6%) 14 (13.0%) 0 (0%)
NA 21 (18.9%) 18 (16.7%) 3 (100%)
Gene mutation status, n (%) .943
BRAF 9 (8.1%) 9 (8.3%) 0 (0%)
NRAS 6 (5.4%) 6 (5.6%) 0 (0%)
cKIT 1 (0.9%) 1 (0.9%) 0 (0%)
wild type 6 (5.4%) 6 (5.6%) 0 (0%)
NA 89 (80.2%) 86 (79.6%) 3(100%)
Resection .002**
Performed 10 (9.0%) 8 (7.4%) 2 (66.7%)
Not performed 2 (1.8%) 2 (1.9%) 0 (0%)
NA 99 (89.2%) 98 (90.7%) 1 (33.3%)
Postresection residual cancer status, n (%) <.001**
R0 8 (7.2%) 7 (6.5%) 1 (33.3%)
R1 2 (1.8%) 1 (0.9%) 1 (33.3%)
NA 101 (91.0%) 100 (92.6%) 1 (33.3%)
Complete lymph node dissection, n (%) >.999
Performed 1 (0.9%) 1 (0.9%) 0 (0%)
Not performed 110 (99.1%) 107 (99.1%) 3 (100%)
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(pT4b) showed either suspicious cervical lymph nodes or 
a solitary pulmonary nodule in CT imaging after primary 
resection. Because these findings remained unclear from 
a diagnostic perspective, the DSS advised that both cases 
need to be discussed in the MDT to find an individualized 
solution and no therapeutic recommendation was provided. 
The third “incorrect” case was a 80-year-old patient who 
presented with cutaneous satellite metastases. In accordance 
with the S3 guidelines for malignant melanoma (Dkg 2020), 
the DSS recommended a complete surgical resection of sat-
ellite metastases and adjuvant therapy. In contrast, MDT 
recommended an oncolytic viral immunotherapy with tali-
mogene laherparepvec (T-VEC). According to the review-
ing dermato-oncologist, this therapy was correctly recom-
mended by MDT due to the advanced age of the patient and 
the difficult resection site of the melanoma. Even though our 
DSS provided the correct stage-specific therapy recommen-
dation, its recommendation was not checked for its applica-
bility due to patient-specific factors.

Discussion

Treatment in certified tumor centers undeniably improves 
the quality of oncological care, and MDTs are one of the 
most important quality key features. In fact, however, it 
is relatively unclear to what extent the tumor boards have 
contributed to the improvement in survival rates in the 
certified centers (Devitt 2013; Keating 2013; Krasna 2013; 
Soukup 2019; Specchia 2020).

The certification requirement to present the majority 
of tumor cases in MDTs has led to a noticeable increase 
in the number of cases to be discussed in the conferences, 
which could have an unfavorable e"ect on the quality of 
recommendations (Soukup 2016; Walraven 2019).

Data evaluating the extent to which MDT improve 
outcomes remain mixed and some studies have found a 
survival benefit, while others have found no such advantage. 
A 2019 analysis indicated that the 5#year survival rate was 
15.6% higher among cases in well-organized MDT but 
almost 20% lower in disorganized MDT compared with no 
MDT (Keating 2013; Kesson 2012; Lu 2019; Stone 2020; 
Wong 2022).

It seems almost surprising that AI-based systems still 
have not become established to support decision making 

Fig. 5  Treatment concordance between DSS and MDT. a Overall 
treatment concordance rates between the therapeutic recommendation 
given by the MDT and the treatment recommendation given by DSS 

for malignant melanoma. Overall concordance was 97%. b Treatment 
concordance rates according to malignant melanoma stages I, II, III, 
and IV were 100%, 95%, 98%, and 100%, respectively



19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal of Cancer Research and Clinical Oncology         (2024) 150:115  Page 9 of 13   115 

of MDT in routine clinical oncology. However, previous 
attempts to provide standardized treatment recommendations 
for the first-line treatment of tumor diseases using AI-based 
applications have shown too much uncertainty compared to 
the expertise of experienced oncologists. In several studies, 
for example, the use of Watson for Oncology could only 
achieve agreement rates of 12% to 93% in direct comparison 
with real MDT decisions (Zhou 2019; Choi 2019; Kim 2019; 
Lee 2018; Somashekhar 2018; Seidman 2015).

These previous AI approaches have been tested in many 
different tumor entities, but experience in decision support 
for melanoma therapy has not yet been published.

One important reason for the poor performance of AI 
systems is the lack of high-quality training datasets. They are 
available en masse as standardized data for AI systems used 
in image recognition, but not as regular cases in oncology 
care" (McKinney et" al. 2020;" Ardila et" al. 2019;" Rubin 
2019;"Esteva et"al. 2017).

In addition to the lack of well-organized and verified 
training data, another problem is the limited resource 
of experts who are initially required for the human 
interpretation and evaluation of the AI results.

An optimized workflow of the tumor conference is 
another crucial criterion for effectiveness. As requirements 
for an optimally structured conference, all information that 
is necessary for a therapy decision should first be available. 
In addition, those cases that require greater concentration 
due to their complexity should ideally be in the focus of the 
conference. Those medically simple cases for which clear 
recommendations can easily be"derived from the guidelines 
should ideally be noted in the protocol as standard cases and 
only discussed optionally.

Here we see digital decision support systems as a 
suitable tool for structural improvement. By issuing 
guideline-compliant therapy recommendations at the time 
of conference registration, standard cases could be defined, 
and the conference could be unburdened accordingly.

In this respect, we see malignant melanoma as a suitable 
model disease for the development of decision support 
for tumor boards, as the melanoma treatment algorithm is 
considered comparatively complex.

Our dataset included 2399 cases with malignant diseases 
of the skin, of which 705 melanoma cases were discussed in 
the tumor board of the Skin Cancer Center of the University 
Hospital Cologne in the period from 2017 to 2020. This 
fits in well with the DKG annual reports of the certified 
skin cancer centers, which for example shows a melanoma 
proportion of 22.2% of all presented skin cancers for the year 
2022 (Dkg 2022).

The fact that only 111 of the 705 cases with malignant 
melanoma could be included in the evaluation of our work 
is mainly due to the high proportion of recurrent diseases 
(377), non-cutaneous melanomas (78), and very complex 

disease patterns (43) that obviously cannot be declared 
as standard cases (see flowchart of patient case exclusion 
process, Fig 3). In addition, no therapy recommendation 
could be automatically derived in 72 cases due to insu#cient 
information relevant for decision making.

As a result, we found three cases with divergent standard 
recommendations. Of these, two cases were rated as non-
compliant in accordance with the protocol, as no automated 
recommendation was made at all, but rather a presentation 
to the tumor board was correctly recommended.

An important finding was the identification of a case in 
which the recommendation deviated due to the patient's 
advanced age. This implies to adapt the query algorithm to 
assess age in these clinical constellations so that systemic 
treatment can be critically discussed with the patient, 
especially in adjuvant treatment.

The present work has several limitations that should be 
considered.

As the first limitation, we only selected first-line cases 
and thus missed a large number of discussions on relapsed 
cases with first metastatic disease. In addition, certification 
requirements only request the presentation of melanoma 
cases in stages IIC and higher, leading to a low number of 
stage I melanoma cases.

As we included cases that were presented to MDT for the 
first time during the clinical course, there were few cases 
with initial metastatic disease. Thus, concordance rates 
for stage I and stage IV were calculated based on a small 
number of patient cases (3 and 4 patient cases, respectively). 
For these stages, no general conclusions can be drawn and 
further validation is necessary.

The second limitation derives from our strict inclusion 
criteria, which intended a preselection of cases that were 
most likely standard cases. As a consequence only 16 % 
of all cases were selected for detailed comparison, most of 
them stage II and III. If the high proportion of up to 50% 
stage II and III melanoma cases is taken into account, which 
displays the reality of MDT in the annual DKG reports, the 
potential to unburden MDT by DSS becomes more evident. 
Our evaluation also indicates 10% of cases (n = 72) for 
which the DSS was unable to issue a recommendation due 
to missing information. If treatment-relevant information 
would be obtained more systematically by a DSS at the time 
of conference registration, a further reduction in the burden 
could thus be easily derived.

As a third limitation, S3 guidelines for malignant 
melanoma were updated four times (DKG 2020) and 
numerous new therapeutics received approval during 
study period between 2017 and 2020. These changes in 
the guidelines led to deviations in the recommendations, 
for example on the role of interferon therapy. Of note, the 
presented data are based on a software (EO version 5.06) 
that displayed the 8th edition of the AJCC classification for 
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melanoma and remained unchanged during the study period. 
Changes from  7th to  8th version in 2018 did not affect cases 
included in this study.

The development of the DSS in collaboration with the 
skin cancer center of the University Hospital Cologne could 
indicate a performance bias and the risk of overfitting. 
In further studies validation has to be performed by a 
multicentric approach. However, it is important to emphasize 
that the decision logic is based on the S3 guideline for 
malignant melanoma (Dkg 2020) and the approval status 
of new therapeutics that are used in best clinical practice. 
The continuous comparison of real world to digital decisions 
ensures that new treatment concepts are quickly detected, 
and thus, enables EO’s expert curators to integrate the latest 
medical standard and to appropriately adjust the query 
algorithm.

As a statistical limitation, the research methodology used 
to determine concordance rates is only of descriptive nature 
and describes the degree of agreement between DSS and 
MDT. At this time, no conclusion of the clinical benefit 
using DSS, such as overall survival or progression free 
survival of the patients, can be drawn from this approach.

The advantages we show with this work could not only 
provide substantial support in everyday clinical practice, but 
also provide a basis for the later integration of AI-based 
systems.

As a first advantage, the proposed principle allows an 
automatic structuring of the tumor conferences according 
to complexity and enables a quality assurance of the 
recommendations given by automatic comparison with the 
guidelines of the medical societies.

Second, the system ensures that all information necessary 
for a therapeutic decision is already requested at the time 
of registration for the conference. Otherwise, missing 
information often leads to postponement or only very vague 
recommendations such as "indication for systemic therapy."

The repetitive questioning of decision-relevant 
information that occurs with repeated use leads to the third 
advantage, the teaching effect. This could also be reinforced 
by the sense of satisfaction that comes from having received 
a (digital) treatment recommendation.

Not least, another advantage is that the type of 
recommendation matching described above generates 
training data for the future integration of AI systems. As 
said before, a machine learning tool can only ever be as 
good as the data available for training and the trainers who 
evaluate the AI results.

Summary

It must be underlined again that the aim of our work is not to 
provide digital recommendations for all questions addressed 
to multidisciplinary tumor boards or to replace clinical 
experience. However, we see the need to relieve the time 
burden of these critical conferences so that the participants 
can focus their expertise on the more complex tumor 
cases. Our results suggest that this automated approach 
would allow a more concentrated and detailed discussion 
of complex tumor cases, on which the valuable expertise 
of the board members should be focused. In addition, the 
implementation of the presented algorithm in the routine 
software of tumor boards could provide the basis for 
transparent and comparable quality management.

Perspective

The principle of digital decision support described in this 
paper, whose algorithmic query is based on a decision 
tree, may seem unspectacular at first glance against the 
background of current AI development. However, it is 
currently the most suitable way to make recommendations 
for clinical situations that are already defined by clear 
therapeutic standards and guidelines. These commonly 
accepted therapeutic recommendations are based, among 
other things, on the approval status and availability of the 
therapeutic agents, as well as some clinical and structural 
aspects which are not evidence-based per se. It should 
therefore come as no surprise that the recommendations 
made by AI-based systems for well-defined standard 
clinical situations often do not correspond to standard 
practice. At this point, it should be considered that the AI 
recommendations could well be a better therapeutic choice, 
though this cannot be proven due to the AI black box effect 
described above.

Accordingly, it is to be expected that AI applications 
will initially realize their full potential in complex clinical 
constellations of advanced cancer diseases in which clinical 
standards do not exist.

However, this requires the availability of sufficient 
training data generated under the requirements of a defined 
healthcare system in routine care. This is precisely the data 
that are currently lacking, however, training data from other 
countries and healthcare systems cannot be used without 
hesitation.

The intended integration of query algorithms into the 
organizational software of tumor boards offers an important 
cornerstone here. The data collected on standard situations 
in oncological care can serve as the necessary training data 
for the planned integration of suitable AI models.
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However, there is still a long way to go before AI delivers 
such impressive results in decision making as we are 
currently seeing with image-supported AI systems.
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4. Erweiterte Diskussion – DSS in multidisziplinären Tumorboards 
Die Zertifizierung von Tumorzentren erfolgt mit dem Ziel, die optimale und leitliniengerechte 

Versorgung von Krebspatienten sicherzustellen. Der Gemeinsame Bundesausschuss (G-BA) 

hat vorgegeben, dass zukünftig alle Kliniken, die Krebspatienten behandeln, zur Zertifizierung 

durch die Deutsche Krebsgesellschaft (DKG) verpflichtet werden. Die Zertifizierung gilt hierbei 

als Voraussetzung für die Kostenerstattung durch die Krankenkassen. Die Durchführung 

interdisziplinärer Tumorkonferenzen für jeden Behandlungsfall kann hierbei als zentrales 

Qualitätsmerkmal zur Zertifizierung benannt werden.  

Eine strukturierte Erfassung und detaillierte Dokumentation von Krankheitsverläufen und der 

im Tumorboard erteilten Therapieempfehlungen gehören hierbei zu den zentralen 

Zertifizierungsanforderungen. Bei einem beträchtlichen Anteil der aktuell 1.960 zertifizierten 

Zentren erfolgt die Tumorkonferenz-Dokumentation durch heterogene Software-

Eigenentwicklungen.25 Die Erfassung der diskutierten Fälle erfolgt in diesen nicht 

standardisierten Systemen oft unstrukturiert, teils während oder erst nach Abschluss der 

Tumorkonferenz. Dieses Vorgehen birgt die Gefahr, dass wertvolle Informationen zum 

Erkrankungsverlauf oder der Entscheidungsfindung verloren bzw. nicht ausreichend genau 

erfasst werden.  

Die Übermittlung dieser in den Kliniken erfassten Daten in die Register der Deutschen 

Krebsgesellschaft erfolgt durch Dokumentationssoftware, die wiederum eine Lizenzierung 

durch das unabhängige Institut OnkoZert erfordert.   

Vor diesem Hintergrund stellt sich die naheliegende Frage, ob und in welchem Maße 

Entscheidungsunterstützungssysteme neben der Qualitätssicherung von 

Therapieempfehlungen dazu beitragen können, die zur Zertifizierung erforderlichen 

Dokumentationspflichten zu entlasten. Die Vorgabe, alle erstdiagnostizierten Tumorfälle im 

MDT vorzustellen, führt zu einem deutlichen Anstieg der Fallbesprechungen. Dass die 

hierdurch limitierte Zeit pro Falldiskussion von gewöhnlich nur zwei bis sechs Minuten sich 

nachteilig auf die Qualität der Therapieempfehlungen auswirkt, lässt sich erahnen.26, 27 

Zeitlicher Druck kann zudem auch durch fehlende, Behandlungs-relevante Informationen 

entstehen, was zu zeitraubenden und oftmals erfolglosen Falldiskussionen mit der Empfehlung 

zur Wiedervorstellung führt.26, 28 Neben der steigenden Anzahl der zu diskutierenden 

Tumorfälle und teils fehlenden Informationen, ist unter dem Aspekt der zunehmenden 

Komplexität der onkologischen Diagnostik und der rasanten Entwicklung zielgerichteter und 

personalisierter Therapieoptionen auch die potenziell nicht ausreichende Expertise der 

Tumorboard-Teilnehmer zu berücksichtigen.6, 28-31 Es ist daher kaum verwunderlich, dass 

diese Faktoren in der klinischen Praxis nicht konsequent zu einer verbesserten Qualität der 

erteilten Empfehlung führen.27, 32-34 
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Die steigende Bedeutung evidenzbasierter Therapieempfehlungen in der onkologischen 

Versorgung ist offensichtlich und unterstreicht die Notwendigkeit, Qualitätsstandards in 

multidisziplinären Tumorboards zu etablieren. Gegenwärtig existiert bedauerlicherweise kein 

geeignetes Instrument, um die Qualität dieser entscheidenden Konferenzen zu erfassen und 

zu verbessern. Die derzeit etablierten Tumorboard Software-Lösungen dienen lediglich der 

strukturellen Organisation und Dokumentation, bieten aber keine digitale Unterstützung bei 

der Entscheidungsfindung. 

Bisherige Bestrebungen, flächendeckend KI-unterstützte Systeme einzuführen, auch von 

namhaften Herstellern wie Roche, Siemens Healthineers und Phillips, sind an 

unterschiedlichen Herausforderungen gescheitert. Dazu gehören hohe Kosten, eine 

fragmentierte Systemlandschaft, Datenschutzprobleme und begrenzte IT-Ressourcen in der 

medizinischen Versorgung. Zudem besteht eine Intransparenz der Therapieempfehlungen 

dieser KI-Systeme aufgrund des Black-Box-Effekts, was potenziell zu erheblichen qualitativen 

Schwankungen bei deren Anwendung in der Praxis führen kann.35-37 Nicht zuletzt scheitern die 

bisherigen Systeme aufgrund ungenügender Daten für Therapieempfehlungen, die entweder 

nicht in maschinenlesbarer Form vorliegen oder zum Zeitpunkt der Tumorkonferenz 

ausschließlich der behandelnden Ärzte bekannt sind. 

In dieser Arbeit wurde ein Lösungsansatz basierend auf einem qualitätsgesicherten, von 

Experten kuratierten DSS vorgestellt, welches letztendlich auf einem Entscheidungsbaum 

basiert. Dies könnte angesichts aktueller KI-Entwicklungen unspektakulär erscheinen. Es ist 

jedoch die derzeit am besten geeignete Methode, um digitale Therapieempfehlungen für 

Melanompatienten zu geben, deren Behandlungsempfehlungen sich aus eindeutigen 

therapeutischen Standards und Leitlinien mit größter Sicherheit herleiten lassen. 

Bemerkenswerterweise kann ein Großteil der primären Melanom-Patienten in eben diese 

Kategorie eingeordnet werden. Von 15.838 behandelten primären Melanom-Patienten, die im 

Jahr 2022 in zertifizierten Tumorzentren behandelt wurden, waren 12.901 Fälle entweder dem 

Stadium I oder II zuzuordnen.38 Zukünftig könnten die gewonnenen digitalen Empfehlungen 

zu “Standardfällen” als Trainingsdaten zur Entwicklung verlässlicher KI-Systemen dienen.  

Die Herausforderung besteht nun darin, die in dieser Arbeit validierte DSS in der 

flächendeckenden onkologischen Versorgung zu etablieren. Hierzu erfolgt eine 

Zusammenarbeit mit Herstellern von bereits etablierter Tumorboard-Software, um den DSS-

Algorithmus in die Anmeldemasken der Tumorkonferenzen zu integrieren. Diese 

Herangehensweise wird zukünftig weitere Erkenntnisse über die Qualität und Praktikabilität 

von Entscheidungsunterstützungssystemen in der klinischen Praxis liefern und 

möglicherweise die Versorgung onkologischer Patienten verbessern.  
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