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

■  Patient: Jane, 48 years, female, non-smoker, smoke-free environment 

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

■  Markers: KRAS, EGFR, BRAF, NRAS, (ERBB2) 
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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 
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Cancer Facts USA 
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Cancer Facts EU 
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Bericht zum Krebsgeschehen in Deutschland 2016, Robert-Koch-Institut, 2016 



Cancer Treatment Alternatives 
Chemotherapy 
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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. enable human immune system to identify 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 Alternatives (cont’d) 
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Hallmarks of Cancer Cells 
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Hanahan D, Weinberg RA (January 2000). "The Hallmarks of Cancer". Cell. 100 (1): 57–70. 



Therapeutic Targets for Cancer Cells 

Data Management for 
Digital Health, Summer 
2017 

Use Case Oncology 

13 

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



Oncogenes 
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Oncogenes & Tumor Suppressor Genes PCR Array, Qiagen, 2012 



■  “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 



■  Patients 

□  Individual anamnesis, family history, and background 

□  Require fast access to individualized therapy 

■  Clinicians 

□  Identify root and extent of disease using laboratory tests 

□  Evaluate therapy alternatives, adapt existing therapy 

■  Researchers 

□  Conduct laboratory work, e.g. analyze patient samples 

□  Create new research findings and come-up with treatment alternatives 

The Setting 
Actors in Oncology 

Data Management for 
Digital Health, Summer 
2017 
18 

Use Case Oncology 



■  Can we enable doctors to: 

□  Select best treatment options for their patients, 

□  Analyze latest diagnostic data about patient’s status, and 

□  Exchange knowledge with patients to improve quality of living. 

Motivation 
Informed Decision Making 
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Vision 
Interdisciplinary Tumor Board 
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Tumor Board 
State of the Art 
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https://www.nct-heidelberg.de/en/for-patients/treatment/tumor-board.html 



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) 



■  Identification of individual genetic dispositions 

■  Interpretation and assessment of genetic dispositions 

■  Therapy assessment 

■  Clinical trials 

From Raw Genome Data to Clinical Decision Support (cont’d) 

Data Management for 
Digital Health, Summer 
2017 

Use Case Oncology 

24 



From Raw Genome Data to Clinical Decision Support 
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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 

25 



■  General 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 nearby lymph nodes 

□  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 take more the progress of the disease into account 

■  Stage 0: Carcinoma in situ (CIS) 

■  Stage I: Localized 

■  Stage II: Locally advanced, but early stage 

■  Stage III: Locally advanced, late stage 

■  Stage IV: Tumor metastases are detected 

■  For example, stage IV for NSCLC: 

□  Primary lung tumor spread remote metastases 

 

Tumor Stage Grouping  
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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 
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