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Directly assessable effects: 

- Target Inhibition 

- Anti-Proliferation 

- Apoptosis 

- Migration 

- Invasion 

Indirect effects: 

- Stem cell effects 

- Stromal effects 

- Anti-angiogenesis 

- Immune response 

- Synthetic interactions 

- Modulation of Resistance 

In vitro In vivo In patient 

Preclinical Characterisation of antitumour effects 



• Who should we treat?  

• How to measure the effect of the drug? 

• What’s the best strategy (eg combination, 

schedule)? 

What to we need to know from preclinical studies? 
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Target  
expressed 

No Target 
Expression 

Treating the right patients is critical 

25%  

Benefit 

6%  
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Further 
Development  

Further 
Development ? Unselected Population 

Selected Population 

Translational research defines 

optimal target population  
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Focus on Target Population -> 5 months Benefit  

Treating the right patients is critical for randomised trials 
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Unselected Population (25% express target) 

Treating the right patients is critical for randomised trials 
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Target Activation 

(eg. Amplification, 
Mutation, Expression, 
Activation signature) 

Synthetic Interaction 

(eg. Secondary 
resistance, Sensitizing 

Gene defect) 

Target MOA 
Target 

Effects 

Direct  

Activity in 
cell line 
panel 

Indirect  
Activity in 
panel of 

xenografts 

In Silico Analysis 

to identify subgroups 
where these features 

are present  

Identify predictors of 
response through 
molecular profiling 
(eg activat. signature) 

Validation 

Characterisation of tumour effects 

In Vitro Cell Panel Activity at GI50 
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In Silico Analysis – PI3K Pathway in BC subtypes Tumour growth inhibition by activation signature 

Preclinical Characterisation of Target Population 
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Normal Function 

Synthetic Lethality Strategies 

Compensated Disturbance 

(Genetic, epigenetic) 
Lethal Combination of Damages 
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Do we need to go beyond genomic analyses? 

Curtis et al, Nature 2012; Schmid P et al, SABCS 2014 

Isolated genetic analysis fails to define cellular dependence of aberrant target 

PIK3Ca mutations and Response to PI3K inhibition  

Luminal A Luminal B HER2 Basal 

Higher activity in 
Luminal B 
subtype 

1. Protein/RNA expression/ 

phosphorylation are key determinants 

of response to targeted therapies 

2. Protein expression/phosphorylation 

are highly dynamic 

3. Tumour biopsy (but not liquid Bx!) 

can assess expression and 

phosphorylation 
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MHC binding Mutant peptides 

Non-mutant peptides 

RCC patients treated with CTLA-4 antibodies → WES, neoantigen analysis & HLA typing 

Tetrapeptide signature 
identified. 

Homology with viral / bacterial 
antigens associated with 
increased response 

Snyder, et al. NEJM 2014 
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Long- 
term 
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Neoepitopes in 
discovery set 

Mutational load 

Mutational burden 
associated with 
response but 
insufficient to 
predict benefit 
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Neoantigen expression and immune therapy 

Changes of the immune component are 

highly dynamic and require a                     

tumour biopsy 
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Genomic 
alterations 

Expression 
(RNA/protein) 

Protein 
Phosphorylation 

Stroma and 
Immune system 

Months - years 

Hours - Days 

mins - hours 

? 

Timescale for changes 

Selection 

Adaptation 

How do changes in biomarkers occur over time? 

Differences 
between subtype 
(genetic stability)   

Liquid Biopsy can 

only assess 

genomic alterations 



• Who should we treat?  

• How to measure the effect of the drug? 

• What’s the best strategy (eg combination, 

schedule) 

What to we need to know from preclinical studies? 
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6 mths Δ  = +16% 

36 vs 42 mths 

PFS Survival post progression 

Overall Survival 

Study Treatment X 
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BOLERO2 Trial 

Response Rate 
7% 

Response Rate 
0.4% 

BOLERO2 Trial 

Selecting the right endpoint for advanced disease 

Waterfall plots show range of activity  

21% response 

21% response 
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Investigator-assessed confirmed ORRs per RECIST v1.1. 

Efficacy population includes patients dosed by July 21, 2014; clinical data cutoff, December 2, 2014. 

New lesions at consecutive visits for the same patient might be the same lesion. 

Emens et al. AACR 2015 

Challenges with immune checkpoint inhibitors 

Anti-PD-L1 antibody (MPDL3280A) in TNBC (efficacy-evaluable population) 

• Median duration of response has not yet been reached (range: 18 to 56+ wks) 

• Median duration of survival follow-up is 40 wks (range: 2+ to 85+ wks) 
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Activity of MPDL3280A after Pseudo-progression 

Baseline 9-Month Follow-Up CT 20-Month Follow-Up 

Target 1 

Newly enlarged 

axillary nodes 

Target 2 

Target 3 

• TNBC; s/p salvage chemotherapy (× 3), trial vaccine; MPDL3280A (Mar 2013 to Feb 2014) 

• Target lesions responded, and new lesions developed; new lesions eventually responded 

Emens et al. AACR 2015 
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Selecting the right endpoint for early disease 

Postoperative therapy not suited for early drug development due to long F/U time 
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Pathological 

CR primary 

endpoint 

Direct effect 

on biology  

(Ki67) 

Neoadjuvant Therapy Window of Opportunity Trials 

Linked with 

outcome for  

TNBC and HER2+ 

Linked with 

outcome for  

ER2+ 



• Who should we treat?  

• How to measure the effect of the drug? 

• What’s the best strategy (eg combination, 

schedule)? 
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Pathway 
Activation? 

Non-specific 
chemo/radio-

sensitizer 

Single Agent 

Single agent or combination? 

How dependent 
is cell on 
target? 

Synthetic interaction 

High Conditional 

Low 
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New targeted 

therapy  

Is the target  
Population 
defined? 

Yes 

Randomised 

Phase II 

Randomised 

Phase III 

• MBC 

• N ca. 150 

• HR <0.7 

No 

Preoperative 

window Study 
Randomised 

Phase III 

• Preoperative 

• Many Patients eligible  

• Rapid Evaluation 

• Easy access to  

  Representative Tissue 

• Phase 2 insuff. powered 

• No of MBC pts  

• Multiple centres required 

• No representative Tissue 

• Slow and expensive 

Is the target population defined? 
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If target population is defined -> rand. Phase 2 Study 

Discontinuation Design 

BM-Stratified 

- Doesn’t work for >1 options 

- Most robust 

- Relatively large 

Enrichment  BM-Strategy 

- Efficient 

- Reliant on BM 

- Trial+ not proof of BM 

validity 

- Works for >1 options 

- Inefficient  

- Trial+ not proof of BM 

validity 



Prof. P. Schmid, Barts Cancer Institute 

Non pCR 

Dynamic preoperative Designs 

Non BM 

response 

Dynamic Designs following response testing 

1 Cortazar, Lancet 2014 
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• Detailed understanding of mode of action and tumour 

effects is critical for effective clinical development 

• Preclinical characterization can guide selection of optimal 

clinical endpoints 

• New strategies bring new challenges (pseudo-progression) 

• Target population key to clinical development 

– If defined, randomised phase 2 study 

– If not defined, WOO study to defined target population 

• Biomarkers or clinical/pathological response-triggered 

dynamic concepts open new avenues 

Summary and Conclusions   
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If target population is defined -> rand. Phase 2 Study 

Discontinuation Design 

BM-Response Design 

Dynamic Designs 

following 

response testing 
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BM-Stratified 

Enrichment  

BM-Strategy 

- Doesn’t work for >1 options 

- Most robust 

- Relatively large 

- Efficient 

- Reliant on BM 

- Trial+ not proof of BM validity 

- Works for >1 options 

- Inefficient  

- Trial+ not proof of BM validity 

Biomarker-guided randomised trials 


