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■ Numbers you should know

■ Terms and definitions

■ Disease classifications

■ Cancer cells

■ Treatment options

■ Patient journey

■ Tumor boards

■ Clinical trials 
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■ State-of-the-art classification takes only 
location of cancer into account

■ Cancer is named after location of its first 
observation

■ However, pathologic and genetic classification 
are adapted more and more

Types of Cancer?
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http://www.thepmcf.ca/About-Us/About-Cancer



Cancer Facts
<< QUIZ >>
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What are the most common cancer types recently (worldwide, absolute cases)? 

A. Breast 

B. Lung and respiratory system

C. Colorectaral

D. Prostate



■ Over 18M people received cancer diagnosis

■ Top 3 cancer types contribute to 1/3 of new cases:

□ 1st + 2nd: Breast + lung cancer with 4.4M new 
cases

□ 3rd: Colorectal cancer with 1.9M new cases

■ Top 10 cancer types contribute to 2/3 of new 
cases

Cancer Facts
Worldwide Cancer Incidence by Type in 2020
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Adapted from https://www.wcrf.org/dietandcancer/cancer-trends/worldwide-cancer-data

# ICDs Cancer Type Number Ratio

C00-97/C44 All excl. NMSC 18,094,716 100.0%
1 C50 Breast 2,261,419 12.5%
2 C33-34 Lung 2,206,771 12.2%
3 C18-21 Colorectum 1,931,590 10.7%
4 C61 Prostate 1,414,259 7.8%
5 C16 Stomach 1,089,103 6.0%
6 C22 Liver 905,677 5.0%
7 C53 Cervix uteri 604,127 3.3%
8 C15 Oesophagus 604,100 3.3%
9 C73 Thyroid 586,202 3.2%

10 C67 Bladder 573,278 3.2%



Cancer Facts
Worldwide Cancer Incidence by Type and Sex in 2020
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Cancer Type Number Ratio

All excl. NMSC 9,342,957 100.0%

Lung 1,435,943 25.8%
Prostate 1,414,259 9.9%

Colorectum 1,065,960 8.8%
Stomach 719,523 6.9%

Liver 632,320 5.1%
Bladder 440,864 4.8%

Oesophagus 418,350 4.2%
Non-Hodgkin lymphoma 304,151 3.6%

Kidney 271,249 3.1%
Leukaemia 269,503 2.7%

Cancer Type Number Ratio

All excl. NMSC 8,751,759 100.0%

Breast 2,261,419 25.8%
Colorectum 865,630 9.9%

Lung 770,828 8.8%
Cervix uteri 604,127 6.9%

Thyroid 448,915 5.1%
Corpus uteri 417,367 4.8%

Stomach 369,580 4.2%
Ovary 313,959 3.6%
Liver 273,357 3.1%

Non-Hodgkin lymphoma 240,201 2.7%



Cancer Facts
Worldwide Cancer Mortality by Type and Sex in 2020
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Cancer Type Number Ratio

All excl. NMSC 5,491,214 100.0%

Lung 1,188,679 21.6%
Liver 577,522 10.5%

Colorectum 515,637 9.4%
Stomach 502,788 9.2%
Prostate 375,304 6.8%

Oesophagus 374,313 6.8%
Pancreas 246,840 4.5%

Leukaemia 177,818 3.2%
Bladder 158,785 2.9%

Non-Hodgkin lymphoma 147,217 2.7%

Cancer Type Number Ratio

All excl. NMSC 4,403,188 100.0%

Breast 684,996 15.6%
Lung 607,465 13.8%

Colorectum 419,536 9.5%
Cervix uteri 341,831 7.8%

Stomach 266,005 6.0%
Liver 252,658 5.7%

Pancreas 219,163 5.0%
Ovary 207,252 4.7%

Oesophagus 169,763 3.9%
Leukaemia 133,776 3.0%



Cancer Facts
European Union: Incidence by Sex per 100k (2012)
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Bericht zum Krebsgeschehen in Deutschland 2016, Robert-Koch-Institut, 2016



Cancer Facts
European Union: Incidence vs. Mortality per 100k (2020)
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ECIS - European Cancer Information System



Cancer Facts: Age-standardized Incidence and Mortality per 
State and Sex in Germany 2017-2018
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Krebs in Deutschland 2017/2018, Robert-Koch-Institut, 2021

ICD-10 C00 - C97 w/o 
C44, 2017-2018 per 
100,000 (old 
European standard)



Cancer Facts
United States of America (2023)
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https://cancerstatisticscenter.cancer.org/



Cancer Facts
USA Estimated New vs. Deaths (2023)

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

14

ht
tp

s:
//

ca
nc

er
st

at
is

tic
sc

en
te

r.
ca

nc
er

.o
rg

/



Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

15



Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

16

WHO World Cancer Factsheet, 2014



Questions?
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■ Evidence-based medicine (EBM) is ”[…] the conscientious, 
explicit and judicious use of current best evidence in making 
decisions about the care of individual patients.” 

(Sackett et al.: Evidence based medicine: What it is and what it isn’t, 1996)

Evidence-based Medicine
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President Obama speaks on the Precision Medicine Initiative, Jan 30, 2015



■ “Stratified medicine is based on the identification of subgroups 
of patients that differ in their mechanisms of disease, their 
susceptibility to a particular disease, or in their response to a 
medicine.”

■ “Personalized medicine takes this approach a step further by 
using targeted medicines and also taking information such as 
the patient’s genotype and lifestyle into account when 
deciding on the best treatment.”

(European Patients’ Academy, 2015)

Stratified Medicine
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President Obama speaks on the Precision Medicine Initiative, Jan 30, 2015



■ Personalized medicine “[…] is the concept that selection of a 
treatment should be tailored according to the individual 
patient’s specific characteristics […] versus a decision based on 
‘standards of care’ derived by averaging responses across large 
cohorts of individuals in clinical trials”

(K. Jain: ”Textbook of Personalized Medicine”, 2009)

Personalized Medicine
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President Obama speaks on the Precision Medicine Initiative, Jan 30, 2015



■ Precision medicine is “[...] an emerging approach for disease 
treatment and prevention that takes into account individual 
variability in genes, environment, and lifestyle for each 
person.”

(U.S. National Institute of Health, 2015)

Precision Medicine
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President Obama speaks on the Precision Medicine Initiative, Jan 30, 2015



Cancer Classification
<< QUIZ >>
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What do you think are important cancer classifiers?

A. Location

B. Size

C. Progression

D. All of them



■ Prevention, e.g. identification of risk factors to avoid them

■ Early detection, e.g. regular screening

■ Treatment, e.g. personalized cancer treatment

■ Palliative care, i.e. mainly to reduce pain

■ Bear in mind: Patients receiving cancer treatment are at high 
risk for infectious diseases, e.g. Coronavirus.

Cancer Disease Management Strategies
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https://www.cancer.gov/news-events/cancer-currents-blog/2017/tmist-breast-cancer-screening

Breast nodules detected
during screening by
standard (a) 2D digital
mammogram and (b)
tomosynthesis



■ TNM classification describes clinical and pathologic 
observations of tumors

□ c := Clinical observation, 

□ p := Pathological observation

□ T := Size and extent of the primary tumor

□ N := Number of affected lymph nodes nearby

□ M := Number of metastases

■ For example, cT1aN0M0 for NSCLC:

□ Tumor <= 2 cm

□ No regional lymph nodes affected

□ No distant metastases

Cancer Classification
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http://epomedicine.com/medical-students/tnm-classification-cancer-staging-simplified/



■ Staging takes the progress of the disease into account

■ Example: NSCLC, stage IV: Primary lung tumor spread remote metastases

Tumor Stage Grouping 
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Stage Description Metastases

0 Carcinoma In Situ (CIS) No

I Localized No

II Locally advanced, but early stage No

III Locally advanced, late stage No

IV Tumor metastases are detected Yes



Hallmarks of Cancer Cells (2000)
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Hanahan D, Weinberg RA (January 2000). "The Hallmarks of Cancer". Cell. 100 (1): 57–70.



Hallmarks of Cancer Cells (2011) and
Therapeutic Targets for Cancer Cells
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Hanahan D, Weinberg RA (March 2011). "The Hallmarks of Cancer: The Next Generation". Cell. 144 (5): 646–74.



Hallmarks of Cancer Cells
left: 2011 (reviewed *), right: 2022
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Hanahan D (Jan 2022). "Hallmarks of Cancer: New Dimensions". Cancer Discovery. 12 (1): 31–46.

*

*



Oncogenes
https://www.oncokb.org/cancer-genes
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Oncogenes & Tumor Suppressor Genes PCR Array, Qiagen, 2012

■ Proto-Oncogenes := Encode proteins responsible for growth, division, and 
differentiation of cells.

■ Oncogenes := Damaged versions of proto-oncogenes, which might results 
in accelerated or uncontrolled cell functions.



■ Case vignette: 65-year old, male, former smoker, COPD patient

■ How does his patient journey looks like?

Patient Journey: Lung Cancer in 2024
Screening, Diagnosis, Treatment, and Prevention
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Our Approach: AnalyzeGenomes.com
In-Memory Computing Platform for Big Medical Data
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In-Memory Computing Platform

Extensions for Life Sciences

Data Exchange,
App Store

Access Control,
Data Protection

Fair Use

Statistical
Tools

Real-time
Analysis

App-spanning
User Profiles

Combined and Linked Data

Genome
Data

Cellular
Pathways

Genome
Metadata

Research
Publications

Pipeline and
Analysis Models

Drugs and
Interactions

Drug Response 
Analysis

Pathway Topology 
Analysis

Medical
Knowledge CockpitOncolyzer

Clinical Trial 
Recruitment

Cohort 
Analysis

...

Indexed
Sources



■ Personal risk score based on patient anamnesis, e.g. COPD or 
former smoker, regularly calculated by algorithms

■ à Regular check-ups supported through direct notifications, e.g. 
annual respiratory screening recommended

Patient Journey: Lung Cancer in 2024
Screening
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■ Lung function test + low-dose CT scan of the lung

■ AI system supports radiologists in detecting lung tissue changes

■ Minimal invasive CTC test reveals cells carrying relevant genetic 
changes, e.g. EGFR+ and ERBB2+

■ à Biopsy from lung validated hypothesis

Patient Journey: Lung Cancer in 2024
Diagnosis
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https://www.plattform-lernende-systeme.de/anwendungsszenario-2.html



Use Case: Precision Oncology
Identification of Best Treatment Option for Cancer Patient

■ Diagnosis: Non-Small Cell Lung Cancer (NSCLC), stage IV

■ Markers: EGFR, ERBB2

1. Send tumor sample to laboratory for DNA extraction

2. Sequencing of tumor DNA is possible in <24hrs

3. Analysis involves 1+ TB of raw genome data per sample and takes days

4. Process raw genome data, e.g. alignment, variant calling, and annotate

5. Identify relevant variants using international medical knowledge

6. Decision making requires global medical knowledge, e.g. similar cases
Data Management for 
Digital Health, Winter 
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■ AI-based therapy support based on, e.g.

□ Clinical guidelines

□ Historic patient cases

□ Latest international medical
knowledge and publications

■ à Fully compliant with latest clinical
guidelines surgery can be performed

Patient Journey: Lung Cancer in 2024
Treatment
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Use Case: Molecular Tumor Boards
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■ Multidisciplinary exchange format 
for oncologists

■ Incorporates genetic dispositions

■ Focus on data management, e.g. 
data retrieval, variant annotations, 
case presentations, documentation, 
and follow-up



■ Comparison of outcome of similar patients

■ Quantitative real-time analysis of therapy efficiency

■ Assessment of alternative therapy options

■ Break-through: bringing clinical trials to participants 

■ à Adjuvant therapy based on specific
combination of chemotherapy is selected

Patient Journey: Lung Cancer in 2024
Treatment
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Use Case: Medical Process and Knowledge Support
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■ Identification of cluster of similar patients

■ Real-time analysis of clinical guidelines incorporating patient specifics



■ Federal Institute of Digital Health Data envisioned:

□ Maintains population data for a healthier society

□ Provides access to subject-matter experts

□ Supports development of innovative DH solutions

■ Data Donation Pass as citizen-facing tool:

□ Enable sovereign use of healthcare data

□ Control access to personal healthcare data

□ Donate de-identified data for research projects

Patient Journey: Lung Cancer in 2024
Prevention
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■ No one-size-fits-all approach!

■ “Personalized cancer therapy is a treatment 
strategy centered on the ability to predict 
which patients are more likely to respond to 
specific cancer therapies.”

■ “This approach is founded upon the idea 
that tumor biomarkers are associated with 
patient prognosis and tumor response to 
therapy.”

■ 1. Stratification of patients into cohorts 
based on their individual biomarkers

■ 2. Selection of personalized therapy 
alternatives per patient cohort

Cancer Treatment Options
Personal Cancer Therapy
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■ “Tumor biomarkers can be

□ DNA,

□ RNA,

□ protein and metabolomic profiles that predict therapy response.”

■ “…most recent approach is the sequencing of tumor DNA, which can reveal genomic 
alterations that have implications for cancer treatment.“

About Biomarkers
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■ What kinds of treatment options for cancer have you heard of?

Cancer Treatment Options
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http://www.barwonhealthfundraising.org.au/event/ProjectLove



Clinical guidelines define best “average treatment” option, e.g.:

■ Chemotherapy, i.e. typically multiple combined drugs to affect cancer cells

■ Radiation, i.e. use high-dose precisely applied types of radiation to burn cancer and 
neighborhood tissue

■ Immunotherapy, i.e. program the immune system to detect individual cancer cells

■ Targeted therapy, i.e. address pathway targets within cancer cells only

■ Hormone therapy, i.e. remove or replace hormones, which certain cancer types use to 
grow, e.g. breast and prostate cancer

■ Stem cell transplant, i.e. reactivate the bodies production of blood cells after chemo- 
or radio therapy

■ Surgery, i.e. if possible remove cancer and neighborhood tissue completely

Cancer Treatment Options
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■ Level of Evidence (LoE) describes the quality of existing evidence (trials, cohort 
studies, case-control studies, expert opinion) that address a specific clinical question

■ Quality of evidence is assessed in terms of number of trials, sample size, 
methodology, bias, heterogeneity

Level of Evidence
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Standard Operating Procedures (SOPs) for Authors and templates for ESMO Clinical Practice Guidelines (CPGs) and ESMO-MCBS 
Scores, 2020

LoE Reasoning

I 
Evidence from at least one large RCT of good methodological quality (low potential for bias) 
or meta-analyses of well-conducted randomised trials without heterogeneity 

II
Small randomised trials or large randomised trials with a suspicion of bias (lower 
methodological quality) or meta-analyses of such trials or of trials with demonstrated 
heterogeneity

III Prospective cohort studies 

IV Retrospective cohort studies or case-control studies

V Studies without control group, case reports, expert opinions



■ Grade of Recommendation (GoR) incorporates:

□ Quality of evidence (as in LoE)

□ Clinical significance/magnitude of benefit or harm given by a (novel) therapy

Grade of Recommendation 
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GoR Reasoning

A Strong evidence for efficacy with a substantial clinical benefit, strongly recommended 

B
Strong or moderate evidence for efficacy but with a limited clinical benefit, generally 
recommended 

C
Insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages 
(adverse events, costs, etc.), optional 

D Moderate evidence against efficacy or for adverse outcome, generally not recommended 

E Strong evidence against efficacy or for adverse outcome, never recommended 



■ The higher the GoR and LoE, the more evidence about a success of the desired 
treatment is available

Evidence-based Assessment of Clinical Cancer Therapies
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GoR LoE Type of Study

A 1a Systematic review of (homogeneous) randomized controlled trials

A 1b Individual randomized controlled trials (with narrow confidence intervals)

B 2a
Systematic review of (homogeneous) cohort studies of "exposed" and "unexposed" 
subjects

B 2b Individual cohort study / low-quality randomized control studies

B 3a Systematic review of (homogeneous) case-control studies

B 3b Individual case-control studies

C 4 Case series, low-quality cohort or case-control studies

D 5 Expert opinions based on non-systematic reviews of results or mechanistic studies

https://guides.library.stonybrook.edu/evidence-based-medicine/levels_of_evidence



Clinical Guidelines
Deutsche Krebsgesellschaft
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Page 1 / 657

https://www.leitlinienprogramm-onkologie.de/leitlinien/lungenkarzinom/



■ Published via ascopubs.org

■ Updated regularly

■ Mostly narrative, designed for humans

■ Machine-readable format missing

Clinical Guidelines
American Society of Cancer Oncology
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http://ascopubs.org/doi/10.1200/JCO.2018.79.2721



Drug Development Cycle
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https://www.saama.com/blog/setting-new-standards-optimizing-clinical-development-processes-saama-launches-life-science-analytics-cloud/



Clinical Trials
International Effort towards Innovative Pharmaceuticals
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■ Ethical compliance

■ Risk identification and assessment 

■ Safety of trial subject first

■ Sufficient information about investigated product

■ Research protocol 

■ Review by Institutional Review Board (IRB) / Independent Ethics Committee (IEC)

■ Qualification of investigator and staff

■ Informed Consent Form (ICF)

■ Proper recording, handling, and storing of trial information

■ Privacy of personal data

■ Good Manufacturing Practices (GMP)

■ Quality Assurance (QA) measures

Clinical Trials
Good Clinical Practice (GCP)
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Clinical Trials Workflow
Prospectively
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Clinical Trials Workflow
Retrospectively

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

55



Molecular Tumor Board
State of the Art
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https://www.nct-heidelberg.de/en/for-patients/treatment/tumor-board.html



■ Involves a lot of manual research

■ Analysis results are prepared and presented during MTB session

Molecular Tumor Board
State of the Art
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Vision of Interdisciplinary Tumor Board
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■ DNA Sequencing: Transformation of 
analogues DNA into digital format

■ Alignment: Reconstruction of complete 
genome with snippets

■ Variant Calling: Identification of genetic 
variants

■ Data Annotation: Linking genetic variants 
with research findings

From Raw Genome Data to Clinical Decision Support
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Simplified Clinical Oncology Process (1/2)
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Simplified Clinical Oncology Process (1/2)



Simplified Clinical Oncology Process (1/2)
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Simplified Clinical Oncology Process (2/2)



■ Scrum methodology applied to Molecular Tumor Board (MTB)

■ Supports preparation, actual meeting, and follow-up of the MTB

■ Enables experts to work together on MTB cases

Molecular Tumor Board
Structured Clinical Process and Software Support
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Molecular Tumor Board
Identification of Annotations

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

63



Molecular Tumor Board
Assess Therapeutic Alternatives incorporating Historic Cases
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■ Cancer

□ Has many facets

□ Today: a chronic, systemic disease

□ As individual as everyone of us

■ Prevention and early detection are key for successful treatment 

■ Finding adequate treatment options is complex and they might change over time

■ Classification by molecular markers is going to be state of the art soon

What to take home?
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