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Rajendra Kumari, PhD

• Received her PhD from the University of Leicester in 
Molecular Pharmacology, followed by postdoctoral 
fellowships in the Division of Preclinical Oncology, 
University of Nottingham, and lectureship in the School 
of Clinical Sciences

• Co-founder of PRECOS Ltd in 2010, a spin-out company 
providing preclinical oncology services for in vitro and in 
vivo research, as well as imaging, taking the role of Chief 
Operations Officer

• PRECOS merged with CrownBio in 2013, where 
Rajendra served as General Manager and Chief 
Scientific Officer of CrownBio’s European facility in the 
UK

• Currently is the Global Head of Scientific Communication

• Rajendra is a member of the American Association of 
Cancer Research and the British Association of Cancer 
Research, and has authored over 40 abstracts and 
publications
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Webinar Overview

 Bridging the gap between the lab and the clinic

 Key advantages of using 3D in vitro systems

 When to use 3D in vitro platforms, including new technology like organoids 

 How to integrate organoids into your drug discovery program and when to 
look for alternatives

 Predicting in vivo responses to move forward with
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Current Linear Drug Discovery Process: 

Inefficient, Costly and Risky

Cancer drug development

• Most candidates fail

• Attrition rates particularly high

Nat Rev Drug Discov, 2004, 3:711
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Preclinical Tumor Models for

Oncology Drug Discovery
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Preclinical Tumor Models for

Oncology Drug Discovery
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Patient-Derived Models Bridge the Gap 

Between Lab and Clinic

• Preserve original tumor histo- and molecular pathology

• Recapitulate intra- and inter-patient heterogeneity, and patient diversity 

• Pharmacologically predictive
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The Value of Patient-Derived Model Biobanks
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The Value of Patient-Derived Model Biobanks
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Integration into the Drug Development Process
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• Drug discovery requires selection on “two variables”

– A lead compound by screening large numbers of drug candidates 

– A target patient population (indication) by screening a diverse portfolio of disease models

An Improved Workflow in Oncology 

Drug Discovery is Needed 
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• Accelerate and simplify clinical development by 

screening lead/model libraries simultaneously via a 

matrix high-throughput screen (HTS)

• Identify potential CDx or biomarkers of response

• Mouse clinical trials have inherent limitations in 

handling this type of screening, e.g. time, cost



In Vitro/Ex Vivo Preclinical Tumor Models
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SELECTING IN VITRO SYSTEMS FOR 

ONCOLOGY DRUG DISCOVERY 

Navigate Between 2D and 3D Systems



Tumor Microenvironment (TME) Relevance

• 3D modelling increases patient relevance and potentially impacts complexity and throughput
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Tumor Microenvironment (TME) Relevance

• 3D modelling increases patient relevance and potentially impacts complexity and throughput
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Key Features
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Why Use 2D Cell-Based Models? 
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• Robust & reproducible, with high performance & low cost

• Simple and long-term culturing, amenable to engineering

• Large collection of well published models available

• Commercial tests widely available 

Advantages

• Poor translatability in vivo, as they do not mimic the 
natural tumor or tissue structure

• Limited heterogeneity and diversity
Limitations

• Investigate target engagement, oncogenic pathways, MoA

• HTS – lead identification

• Workhorse models for lead optimization 

• Non-translational studies

Applications



SELECTING A RELEVANT 3D SYSTEM 

When to Choose Organoids



Difference Between Spheroids and Organoids
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3D Screen Using Ex Vivo PDX
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PDX 

Models 

Biobank

Onion et al 2016 Mol Can Therapeutics



3D Screen Using In Vitro Organoids
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PDX 

Models 

Biobank

Organoid 

Biobank

Xu et al 2020 JOVE in press



Assay Validation Comparison
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Inter-plate Variation Comparison
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Correlation with In Vivo Response

• PDXO have a higher prediction power of corresponding in vivo PDX response compared to 

3D ex vivo PDX assay
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Why Use 3D Cell-Based Models? 
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• Suitable for wide range of cells/tissue & co-culture conditions

• More closely mimic tissue architecture

• Greater physiological relevance

• Enhanced translatability, compared to 2D models

Advantages

• Unstable in long-term culture, due to cellular senescence

• Lower reproducibility and translatability in vivo

• Limited tissue availability can challenge scalability

• Automation achievable but lower throughput than 2D 

Limitations

• Investigate efficacy, target engagement, oncogenic pathways, 
MoA in relevant TME 

• CSCs, hypoxia and drug penetrance

• Clinical hypotheses testing and screening in primary tissue

Applications



WHICH ORGANOID SYSTEM?

Quick Tips



The advantage of HUB Organoid Technology
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• Pure epithelial compartment; absence of mesenchymal cellular niche

• More robust and genomically stable; faster establishment

• The only cancer patient-relevant technology 



The advantage of HUB Organoid Technology
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• Pure epithelial compartment; absence of mesenchymal cellular niche

• More robust and genomically stable; faster establishment

• The only cancer patient-relevant technology 



Organoids Predict Clinical Response
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• Translatable models with demonstrated predictive power of clinical response

• 90% positive prediction

• 100% negative 

prediction Ganesh et al., 2019 Nature Medicine



CrownBio Organoid Biobank
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Why use Use Tumor Organoids?
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• Clinically predictive models

• Greater physiological relevance

• Scalable, amenable to biobanking & engineering

• Highly reproducible with automation achievable for HTS

• Normal and disease tissue organoids

Advantages

• More complex to establish than 2D

• Automation has lower throughput than 2D

• Epithelial origins or model not yet available
Limitations

• Matrix HTS or clinical trial in a dish 

• Matched or labelled in vivo models

• Target validation, engineer TAA, biomarker identification

• Potential for matched normal tissue for on/off target effects

• Co-culture with immune cells or stromal cells for relevant TME

Applications



DO 3D SYSTEMS REPLACE

IN VIVO MODELS?

Advantages & Limitations



Why Use In Vivo PDX Models?
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• Clinically predictive models

• Greater physiological relevance and patient diversity

• Large biobanks enable mouse clinical trials to be conducted
Advantages

• Ethical – clinical & animal welfare 

• Longer to establish than organoids & lower throughput than 3D 

• Favourable for more aggressive tumors

• Limited matched in vitro models  

• Limited applicability to immuno-oncology

Limitations

• Mouse clinical trial

• Efficacy or combination evaluation

• PK/PD

• Evaluate SoC, targeted agents, cellular therapies and more

• Humanized models to evaluate immune modulators

Applications



EVALUATE SYNERGISTIC EFFECTS 

USING A PDXO SCREENING PLATFORM

Feasibility Study



Organoid Screen Workflow
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• Screen multiple compounds using either a single concentration, multiple concentrations or combinations 

across multiple patients 



Study Objective

• Evaluate the feasibility of a PDXO-based screening platform to test potential synergistic 

effects of 2 compounds

• Validate matrix screen set up

– Multiple combination strategies, dosing and models tested in parallel

• Analyze the data using two independent mathematical models for additional confidence
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Background and Significance

• Synergies between the WEE1 inhibitor MK-1775 and the CHK inhibitor MK-8776, and each 

with gemcitabine, have been reported for the treatment of p53 mutant pancreatic cancer as 

well as other cancer types
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Model Selection

• p53 mutant PDXO models selected similar models to published studies

– PA5389B and PA1252B with a p53R282W and p53R273H missense mutation, respectively

– PA2847B with a p53W91Ter nonsense mutation

• Dose response curves initially established for single agents

• All models were:

– Sensitive to gemcitabine [IC50<0.2mM] and MK-1775 [IC50<1mM] 

– Poor sensitivity to MK-8776 [IC50>10mM]
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Combination Study Design

• 3 combination strategies

• 6-point titration of each inhibitor combined in a 

6×6 matrix format, for 5 days

• 3 different PDXO models

• Cell viability measured 

• 2 independent mathematical models of synergy 

(Bliss and Loewe) used to assess the 

combination effect

– Synergy score >5 indicates synergistic effect

– Synergy score <5 indicates antagonism
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Drug 1  Drug 2

Combo 1 MK-1775 MK-8776

Combo 2 Gemcitabine MK-8776 

Combo 3 Gemcitabine MK-1775

6×6 matrix, 1 model/plate

MK-1775: max [Conc] = 10μM; dilution factor 3

MK-8776: max [Conc] = 30μM; dilution factor 3



Example of Matrix Design Results

• Combination of MK-1775+MK-8776 analyzed by both Bliss and Loewe methods showed strong synergy 

at low concentrations (PA5389B pancreatic cancer organoid)
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Bliss

Loewe

Dose inhibition heat map Synergy score heat map               2D contour map 3D response surface plot    



Combination with Gemcitabine

• In combination with SoC gemcitabine, the highest synergy scores (>30) were seen with MK-

8776/gemcitabine combo, with both mathematical models

• However, some low average values were also observed, suggesting antagonism with certain dose 

combinations

• MK-8776 achieved a 67-88% growth inhibition at the non-inhibitory concentration of 1.111µM, when in 

combination with 11-33nM gemcitabine
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Model

MK-1775/Gemcitabine MK-8776/Gemcitabine

Highest Synergy 

Score

Average Synergy 

Score

Highest Synergy 

Score

Average Synergy 

Score

Bliss Loewe Bliss Loewe Bliss Loewe Bliss Loewe

PA5389B 48.8 44.57 8.40 14.95 64.08 56.78 19.92 21.49

PA2847B 32.19 15.34 -4 -5.04 60.1 42.64 11.55 -4.80

PA1252B 58.72 44.75 14.23 12.06 79.31 32.27 70.89 27.61

Synergy score >5 indicates synergist effects

Synergy score <5 indicates antagonistic effects

PA5389B dose inhibition heat map



Comparison of Synergy

• Quadrant with highest synergy scores was 

found to be at lower drug concentrations for 

the models with p53 missense mutation 

(PA5389B and PA2487B), compared to 

PA1252B

• Overall a higher synergy score was 

observed in the p53 mutated models at 

lower concentrations

• Bliss analysis also showed MK-1775 + 

gemcitabine to have a significantly higher 

mean synergy score than 

MK-8776 in PA2487 organoid model 
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Study Conclusions

• Synergistic effects of MK-1775 (WEE1 inhibitor) and MK-8776 (CHK inhibitor) were 

assessed in highly patient-relevant p53 mutant pancreatic cancer PDXO models

• Results indicated:

– All pancreatic cancer PDXO models were sensitive to gemcitabine and MK-1775, and poorly sensitive to MK-

8776

– The combination of MK-1775 and MK-8776 shows very strong synergistic effect in all models tested 

– The synergy observed between MK-8776/gemcitabine was significantly greater than MK-1775/gemcitabine in 

one of the p53 mutated models (PA2847) at low doses, however antagonism was observed at higher 

concentrations

• The rapid screening of patient-relevant organoids in a combination matrix approach enables 

synergistic profiling to be easily conducted, providing valuable insight into combination 

strategies
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Summary

 Patient-relevant models can bridge the gap between the lab and the clinic 

 Adoption during early in vitro stages can be achieved with 3D models

 However, some 3D tumor spheroid models can lack reproducibility, efficiency and 

translatability
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 In comparison, 3D organoids are “mini-organs in a dish” 
derived from tissue stem cells, that are highly predictive 
of the in vivo and clinical response

 Adoption of organoids could potentially improve the drug 
discovery workflow, requiring expansion of biobanks and 
matched models

 Predicting in vivo responses will refine the application of 
in vivo models



Thank You
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• Tumor Organoid Applications to Drug Discovery and Development Resource Library




