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Drug-Diagnostics Co-development 
in Oncology

• Introduction and History 

• Companion Diagnostics and Assay Technologies 

• Drug-Diagnostic Co-development Model

• What can be achieved? 

• Summary and Conclusion
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Tuberculosis & Cancer

Similarities 

Major global public health concern  

High unmet medical needs

Drug susceptibility testing 

Drug resistance 

Differences

Etiology and pathophysiology 

Global incidences   

Pharmaceutical companies’ interest

The availability of new drugs
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Disease Heterogeneity
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“In order to achieve a more 
effective pharmacotherapy we 
need to recognize that most 
diseases are heterogeneous and 
thus develop drugs accordingly.”1 

1. Jørgensen JT. A challenging drug development process in the era of personalized medicine. Drug 
Discov Today 2011;16: 891-897
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Drug-Diagnostic Combinations 
Oncology1
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1970                           1980                           1990                           2000                       2010 

Tamoxifen
Breast Cancer 

“A high degree of correlation between response 

and positive estrogen-receptor assay suggests 

the value of the diagnostic test as a means to 

select patients for tamoxifen treatment”

Lerner HJ et al. Phase II study of tamoxifen: report of 74 patients with stage IV 

breast cancer. Cancer Treat Rep. 60,1431-1435 (1976).

HER2
Breast Cancer

Imatinib, Gefitinib, Vemurafenib,

Crizotinib, Pertuzumab, Ceritinib,

Pembrolizumab and more

FDA Approves:

Trastuzumab

+ HercepTest

1. Jørgensen JT, Hersom M. Companion Diagnostics - A tool to improve Pharmacotherapy. Ann Transl Med. 2016; 4:482.



Companion Diagnostics (CDx)
US Definition1

A CDx assay is an in vitro diagnostics device that provides information that is 
essential for the safe and effective use of a corresponding therapeutic 
product:

1. Identify patients who are most likely to benefit from the therapeutic 
product

2. Identify patients likely to be at increased risk as a result of treatment with 
the therapeutic product risk for serious adverse reactions 

3. Monitor response to treatment with the therapeutic product for the 
purpose of adjusting treatment (e.g., schedule, dose, discontinuation) to 
achieve improved safety or effectiveness

4. Identify patients in the population for whom the therapeutic product has 
been adequately studied, and found safe and effective, i.e., there is 
insufficient information about the safety and effectiveness of the 
therapeutic product in any other population

1. In Vitro Companion Diagnostic Devices. Guidance Document. FDA, August 6, 2014.           
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM262327.pdf
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Companion Diagnostics in Oncology
The Current FDA Approved Assay Technologies1

• Immunohistochemistry (IHC)
– HercepTest (Dako/Agilent) – Drugs: Trastuzumab, Pertuzumab, Ado-trastuzumab emtansine 

– PD-L1 IHC 22C3 pharmDx (Dako/Agilent) – Drug: Pembrolizumab 

• In Situ hybridization (FISH/CISH)
– PathVysion HER-2 DNA Probe Kit (Abbott Molecular) – Drug: Trastuzumab  

– Vysis ALK Break Apart FISH Probe Kit (Abbott Molecular) – Drug: Crizotinib 

• Real-time Polymerase Chain Reaction (RT-PCR)
– Therascreen EGFR RGQ PCR Kit (Qiagen) – Drug: Gefitinib

– Cobas EGFR Mutation Test v2 (Roche Molecular Diagnostics) – Drug: Osimertinib

• DNA sequencing/Next-Generation Sequencing (NGS)
– FoundationFocus CDxBRCA Assay (Foundation Medicine) – Drug: Rucaparib
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1. US FDA. List of Cleared or Approved Companion Diagnostic Devices (In Vitro and Imaging Tools). Updated: December 22, 2016. 
(http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm).

http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm


Parallel Development of Drug and Diagnostic

Drug Development 

CDx Development 
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Drug-Diagnostic Codevelopment
Phase I to III Clinical Development1,2

1. Olsen D, Jørgensen JT. Companion diagnostics for targeted cancer drugs - clinical and regulatory aspects. Front Oncol 2014; 4: 105.
2. US FDA. Principles for Codevelopment of an In Vitro Companion Diagnostic Device with a Therapeutic Product. Draft Guidance, July 15, 2016. 

(http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM510824.pdf)

Strong Biomarker 
Hypothesis

Cut-off Selection
& Analytical 
Validation

Clinical Validation
&

Clinical Utility 
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Drug-Diagnostic Co-development
Enrichment Design1,2
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Enrichment Design (Randomized) 

1. US FDA. Principles for Codevelopment of an In Vitro Companion Diagnostic Device with a Therapeutic Product. Draft Guidance, July 15, 2016. 
(http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM510824.pdf)

2. Jørgensen JT. Companion Diagnostics and Clinical  Utility in Oncology - Current  Status and Future Aspects . Oncology 2013; 85: 59-68. 

Traditional Randomized Design 

Enrichment Design (Single Arm)
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Drug-Diagnostic Combinations
Regulatory Approval – Efficacy Data1,2,3,4
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1. Gandhi S, Chen H, Zhao Y, et al. First-line treatment of advanced ALK-positive non-small lung cancer. Lung Cancer: Targets and Therapy 2015; 6: 71-82.
2. McKeage K. Alectinib: a review of its use in advanced ALK-rearranged non-small cell lung cancer. Drugs 2015 ; 75: 75-82.
3. Swisher EM, Lin KK, Oza AM, et al. Lancet Oncol. Rucaparib in relapsed, platinum-sensitive high-grade ovarian carcinoma (ARIEL2 Part 1): an international, multicentre, open-

label, phase 2 trial. 2017; 18: 75-87.
4. Jørgensen JT. The importance of predictive biomarkers in oncology drug development. Expert Rev Mol Diagn. 2016;16: 807-809.
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Drug-Diagnostic Combinations
Objective Response Rates – Oncology1,2
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1. Jørgensen JT. Clinical application of companion diagnostics. Trends Mol Med. 2015; 21: 405-7.
2. Drugs@FDA: FDA Approved Drug Products. (http://www.accessdata.fda.gov/scripts/cder/drugsatfda/). 
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Success Rates in Oncology Drug Development 
Melanoma and NSCLC1,2,3
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1. Rubinger D.A., Hollmann S.S., Serdetchnaia V. et al.. Biomarker use is associated with reduced clinical trial failure risk in metastatic melanoma. Biomark Med 2015; 9: 
13-23.

2. Falconi A., Lopes G., Parker J.L. Biomarkers and receptor targeted therapies reduce clinical trial risk in non-small-cell lung cancer. J Thorac Oncol 2014; 9: 163-169.
3. Jørgensen JT. The importance of predictive biomarkers in oncology drug development. Expert Rev Mol Diagn. 2016;16: 807-809.



Cost of Drug Development
Traditional vs Drug-Diagnostic Strategy1,2
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1. Avorn J. The $2.6 billion pill-methodologic and policy considerations. N Engl J Med. 2015; 372:1877-9.
2. Falconi A., Lopes G., Parker J.L. Biomarkers and receptor targeted therapies reduce clinical trial risk in non-small-cell lung cancer. J Thorac Oncol 2014; 9: 163-169. 



Summary and Conclusion   

• Today 20 anticancer drugs have a CDx linked to their use

• Key requirements for CDx assay development:
– Strong biomarker hypothesis 

– Analytical validity

– Clinical validated and demonstrated clinical utility 

• The drug-diagnostic co-development model:
– Increased drug efficacy in the target population

– Increased development success rate 

– Reduction of cost and time

• Can the drug-diagnostic strategy used in oncology be 
translated into other disease areas?
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Can be downloaded free of charge at: http://journal.frontiersin.org/ResearchTopic/1313
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“A bad tumor biomarker test is as bad as a bad drug”
Current president of ASCO, Daniel F. Hayes1

1. Hayes D., Raison C. Lessons for tumor biomarker trials: vicious cycles, scientific method & developing guidelines. Expert Rev Mol Diagn 2015; 15:165-169.


