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Introduction 

• Who am I? 

 

• Drug Discovery – a very brief introduction 

 

• In vitro to in vivo translation in oncology 

 

• Modelling safety in the bone marrow 

 

• Looking back at a historical failure 

 

• High throughput image analysis 
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The pharmaceutical industry is challenged by high attrition 

rates and high costs which is not sustainable 

Root cause analysis  
Source: Hay et al.,  

Nature Biotech (2014) 32:1 

Source: Paul et al., Nat. Rev. Drug Disc. (2011) 9:March  

Source: ifpma.org, Facts&Figures (2012) 



to break this cycle we must improve our 

ability to use available information 

The ‘big data’ revolution in healthcare  
Accelerating value and innovation  
McKinsey (2013) 
 

Discovery Sciences (DS)  provides centralised, state-

of-the art support for hit finding, lead optimization and 

target validation for all therapeutic research areas 

within AZ. 



In vitro to in vivo in oncology 
Acknowledgements: Stephen Checkley, Linda MacCallum, James Yates 



The DDR pathway is an attractive oncology 

target which necessitates a quantitative 

understanding of PK/PD 

ATRi 

Smith, J. et al. (2010). 



A mechanistic cell cycle model can explain in 

vitro behavior 

ATRi 



… and be extended to include IR 
explain in vivo observations of combination treatment 



Providing a mechanism for understand the 

most efficacious clinical design 

• Weekday IR + ATRi on Tuesday 

• ATRi dose to arrest cell growth: 100 

mg/kg 
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• Weekday IR + ATRi on Saturday 

• ATRi dose to arrest cell growth: 86 

mg/kg 

• ATRi dosing over weekend is more 

effective than early in the week 

20 
40 
86 
180 

370 

ATRi (mg/kg)   



Phase II safety 
Acknowledgements: Magnus Nord, Ulrika Wählby Hamrén 



CXCR2 study noticed drop in blood 

neutrophils… should we be concerned? 

• Study looking at the effect of CXCR2  

antagonist administration in healthy subjects 

• Noted to cause rise in cytokine levels and drop in  

neutrophils 

• What the explanation for these changes? 

• What are the implications in the bone marrow? 

 

 IL8 G-CSF Neutrophil Counts 

Keen et al. BJCP, to appear 

Antagonist        Placebo  Antagonist        Placebo  Antagonist        Placebo  



Can a mechanistic model of neutrophil 

dynamics help answer this? 

Neutrophil migration 

Bone Marrow Blood 

Neutrophils 

proliferate and 

mature 

 
Degradation 

IL-8 

AZD 

Neutrophil with 

CXCR2 

G-CSF 

IL-8 and G-CSF 

promote migration 

G-CSF 

promotes 

proliferation 



A multiscale model was developed including 

neutrophils, biomarkers and a CXCR2 

antagonist…  



Experimental data was used for calibration 

and validation 
A broadly identifiable model Variable Description Units Value 

P_PMN Granulocyte progenitor count 

1e6 cells/mL 

12 

PMN_IM Immature precursor count 100 

PMN_BM Bone marrow neutrophil count 80 

PMN Blood neutrophil count 5.3 

GCSF_BM Bone marrow G-CSF Concentration 

pg/ml 

7.0 

GCSF_B Blood G-CSF Concentration 28.9 

IL8_B_PGML IL-8 blood concentration 8.0 

▌ Calibration Data 

1. Steady-state values 

2. G-CSF injection data 

 a. Single 375 µg injection (Ho et al.) 

 b. Single 750 µg injection (Ho et al.) 

 c. Multiple 300 µg injections (Chatta et al.) 

3. AZ clinical data 

▌ Validation Data 

4. AZ clinical placebo protocol 

5. AZ drug protocol  

 

Steady-State Data 

G-CSF Injection Data 
Single Injection (375 & 750 µg)* Multiple Injections (300 µg)† 

Variable Description Effect of Drug Treatment 

PMN Blood neutrophil count 50% decrease 

GCSF_B Blood G-CSF Concentration 275% Increase 

IL8_B_PGML IL-8 blood concentration 600% Increase 

AZ Clinical Data 

Placebo 

Drug Ingestion 

AZ Clinical Placebo & Drug Ingestion Protocol 

Time (days) 

N
e

u
tr

o
p

h
ils

 (
x
1

0
-6

/m
L

) 

*Chatta et al., Blood, 1994, 84: 2923-2929 
†Ho et al., Comp. & Chem. Eng., 2013 51:187-796 



In order to answer the relevant safety 

question 
“Neutrophil blood count is seen to saturate at high dosages” 

• Effect of drug dosage upon neutrophil blood count is seen to saturate at high dosages 

– At saturation, the neutrophil count is approximately 40% of normal value 

• Neutrophil count in mice with CXCR2 knockout was seen to decrease to approximately 40% 
of normal levels 

• Conclusion: Model predicts no clinical neutropenia regardless of dose 
(Or alternatively “Initial neutrophil count is the primary determinant of antagonist-induced low 
neutrophil count in this model”) 

 
Effect of CXCR2 Knockout on Blood 

Neutrophil Count in Mouse 

Eash et al., Dissertation, Washington University, Jan 2011 
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Looking back … 
Acknowledgements: Fernando Ortega, Claus Bendtsen, Sandra A.G. Visser 



Alzheimer's Disease & Gamma Secretase 

Inhibitors 
‘The drugs don’t work, they just make you worse’ 

β 

γ 

APP 

Aβ 



Can we understand why?  

Sequential Proteolysis – with complications 

http://ke.rd.astrazeneca.net/compbio/ngv/ngv.ksp?env=prod&data=prod&projectFile=ngv:/Projects/CNSP_GAM/app_map0.2.xml


Hypothesis for in vitro rebound 
A tale of three secretases 



Model Validation - in vitro and into the clinic 

… brings confidence to current programs 

• An explanation for why the amyloid rebound occurs has been provided. 

• This has important implications for other therapies such as: 

• γ-secretase modulators 

• β-secretase inhibitors 

 

In vitro + C99 In vitro PK 

Ortega et al (2013) JBC 



Looking around … 
Acknowledgements:Yinhai Wang, Thierry Dorval 



High throughput screening is the workhorse 

for hit identification  

… but poor on content 
• A typical HTS campaign will screen >1MM  

compounds but is low on content.  

Therefore secondary screens are used  

to increase content and eliminate HTS false  

positives. 

 

• High content imaging on the other hand is  

a powerful and flexible screening technology  

but lengthy read times and associated high  

data volumes present challenges for large campaigns. 

 

• In general, except for the most prolific target classes, non-responsive wells make up 

the majority of  any HTS screen (typically >98%).  

• Eliminating these prior to actual imaging would 

allow HCS at HTS scale. 



A workflow cherry picking positive wells for imaging 

provides 20x images for an HTS screen  

• HEK293S cells were transiently transfected with the target and  

GFP-tagged cell surface receptor. 

• Pre-read of whole-well Fluorescent Intensity was measured at  

485nm Excitation/520nm Emission using an Envision plate reader. 

• Actives identified by a Robust Z score were parsed into a well list  

for imaging. 

• High Content imaging of Active wells was undertaken at 20x  

magnification in DAPI and FITC channels on an ImageXpress  

Micro XL. Custom Journaling allowed capture of only Active wells  

based on plate barcode identification, and 4 images were captured  

per well. 

 

 

 

 
 

Gantt chart showing high-content imaging progress for a single screening occasion 

Note how unlike with typical automated HC imaging the robots are almost constantly utilised 

 

 

 

Cell seeding 

o/n incubation 

Dosing 

6hr incubation 

Fix & stain 

Envision read 

Hit list 
creation 

HC imaging 

Analysis 



… and allows identification of artifacts otherwise 

included as false positives through automated 

image analysis 

• Image object analysis included nucleus & spot detection, and pseudo-cytoplasm 

segmentation.  

• From those objects a multivariate signature was extracted from features including: 

DNA content; nucleus and cell morphology; GFP statistical moments; spot number, 

intensity and localization; GFP texture analysis features.  

• These features were combined with a supervised machine learning approach to give 

various phenotypic classifications for further investigation. 

 



… leading to faster & better quality decision 

making at HTS 
• From the primary non- 

imaging HTS Hit rate of  

0.67% across 5500 384-well  

plates, the imaging method  

discovered 50% of these  

to be false positives. 

 

• This approach demonstrates  

how the generation and use  

of increased content allows 

elimination of time, cost  

and resource requirements for running a traditional counterscreen. 

 

• Additionally allows deeper investigation of “true” positives without additional 

screening. 



But can we do better? 

• No modelling (yet) of spatial data in early 

discovery 

 

• Starting to get the measures, though 

– HCB 

– MALDI-TOF Mass-spec imaging 

– More? 

 

 

 



Questions? 

27 IMED Biotech Unit I Quantitative Biology   
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