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‘Perfect Drug’ 

 

 

• Benefits all patients 
 

 

• One dose fits all 
 

 

• Responses in all patients 
 

 

• No adverse effects 

‘Real Drug’ 

 

 

• Benefits some patients 
 

 

• Variable doses for different 
patients 

 

• Responses in some 
patients 

 

• Adverse effects in some 
patients 

• A key component of precision medicine strategies and treatment 
individualisation relates to the understanding of inter-patient 

variability in drug exposures   
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ACTION 



WHAT IS PHARMACOLOGY 

• The study of how drugs affect a biological system 

PHARMACOLOGY 
 

Pharmacokinetics 

- what the body does to the drug 

Pharmacodynamics 

- what the drug does to the body 



PHARMACOKINETICS AND 
PHARMACODYNAMICS 

 

Key definitions:  
 

 

- Pharmacokinetics (PK): “study of the bodily absorption, distribution, metabolism, 
   and excretion of drugs” 

   - describes relationship between the administered dose and  
   the observed biological fluid/tissue concentrations of a  
   drug with time. 

 

- Pharmacodynamics (PD): “study of the action or effect of drugs in the body” 

    - concerned with the magnitude and time course of an  
   observed pharmacological effect. 



ADME 

• the study of the fate of an 

externally administered 

compound 

 

•  Absorption 

•  Distribution 

•  Metabolism 

•  Excretion 

Drug in 

Response 

Dose 

Drug out 

• Drug in plasma reflects: 

– active drug (concentration 
related to effect) 

– drug available for elimination 

– drug in equilibrium with rest 
of body 



RELATIONSHIP BETWEEN DOSE AND EFFECT 



PHARMACOKINETICS: ADME 



PHARMACOKINETIC VARIATION 



DRUG METABOLISM 



DRUG METABOLISM – IRINOTECAN (CPT-11) 



RATIONALE FOR CLINICAL PHARMACOLOGY 
STUDIES 



CLINICAL PHARMACOLOGY STUDIES 

 

  “optimization of the therapeutic 

use of a drug to prevent exposure 

to toxic or sub-therapeutic 

concentrations, and/or achieve 

the Biologically Effective Dose in 

individual patients through 

dosage adjustments based on 

plasma concentrations in 

individual patients” 
 

 
Increased importance of both PK 

and PD endpoints in 
demonstrating the biological 
effect on target/ downstream 

molecules 



NEED FOR CLINICAL PHARMACOLOGY 
STUDIES IN CHILDHOOD CANCER 

Paediatrics Adults 

http://www.123rf.com/photo_3204223.html


DEVELOPMENTAL CHANGES AND CLINICAL 
PHARMACOLOGY IN THE INFANT ONCOLOGY PATIENT 

 
 

Drug disposition 

Drug toxicity 

• Rationale for dose 

reductions in infant 

patients? 

Taken from Kearns GL: New Engl J Med, 2003;349:1157-1167 

 



DRUG PHARMACOKINETICS / CLINICAL PHARMACOLOGY 
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Relationship between drug 
concentration and time 

Clinical pharmacology studies 

CLINICAL 

LABORATORY 
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PHARMACOKINETICS 

PHARMACOGENETICS 

TOXICITY 

PHARMACODYNAMICS 



PHARMACOKINETIC STUDIES – WHAT’S INVOLVED? 

• Drug administered 

– Oral 

– IV 

– Other 

 

• Blood sample taken 

– Whole blood sample 

– Separation of plasma 

– Ultrafiltration 

 

• Analysis 

– HPLC with UV detection (g/ml) 

– HPLC with fluorescence detection (ng/ml) 

– LC-MS (mass specific detection – pg/ml) 

– AAS (Atomic Absorption Spectrometry) 



PK VARIABILITY OF TARGETED AGENTS 

Gao et al., JCO 2012 



HOW CAN WE UTILISE CLINICAL 
PHARMACOLOGY STUDIES IN THE 

TREATMENT OF CHILDREN WITH CANCER? 

• Drug development / early phase trials 

 

 

• Definition of most appropriate doses and 
schedules in different patient populations 

 

 

• Therapeutic drug monitoring approaches 



DEVELOPMENT OF ‘FIT FOR PURPOSE’ PK/PD ASSAYS 



EARLY PHASE PK/PD BIOMARKER STUDIES 

 
• Many years of experience in 
  running Phase I trials in adults 
  and paediatrics 

 
• Development of novel PK and PD 
  biomarker assays 

 

• 20-50 patients per study 

 

• Need to identify PK and PD 

  endpoints specific to the new 

  agent to guide incorporation into 

  existing dosing regimens  
 

 



 

ANALYSIS OF DRUGS – RETINOIC ACID 
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Tropomyosin receptor kinase (Trk) inhibitor 
Pegcantratinib in human skin tumours  



DRUG CLEARANCE AND AUC 

• Calculation of AUC by Trapezoidal rule 

• Area of trapezoid = 
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AUC = Dose / Clearance 



INTERPATIENT VARIATION IN PHARMACOKINETICS – 
EARLY PHASE CLINICAL TRIAL DATA 



• Molecularly targeted drugs and immunotherapies have distinct 

toxicities from chemotherapies that are often not dose-dependent and 

can lead to chronic and sometimes unpredictable side-effects 

 

 • Utilisation of a dose escalation method with toxicity-based endpoints 

may be less appropriate for determination of RP2D 

 

• PK and/or PD outcomes provide potentially appealing options 

 

• Importance of informative and detailed PK/PD data from preclinical 

studies 

PHARMACOKINETICS OF TARGETED DRUGS 







• Several FDA-approved agents, including imatinib, did not have MTD 

established in the Phase I setting, with PK/PD endpoints used to 

determine the RP2D  

 

 • Determination of the optimal biologically active dose (OBD) is 

increasingly becoming an attractive alternative 

 

• Challenges to this approach include the requirement for serial 

collection of  blood and tumour tissue or imaging approaches 

 

• PK-guided dose escalation may be an appealing approach for 

molecules where MTD cannot be determined 

DETERMINATION OF BIOLOGICALLY ACTIVE DOSE 





PK/PD ROLE IN DRUG DEVELOPMENT - SUMMARY 

 

AS A DRUG DISCOVERY PROJECT MOVES INTO A 

DEVELOPMENT PHASE, A SOUND UNDERSTANDING 

OF THE LEAD COMPOUND’S PK/PD RELATIONSHIP 

WILL PROVIDE FOR A BASIS FOR ANTICIPATING 

THE THERAPEUTIC INDEX AND AID IN PK AND 

BIOMARKER DRIVEN DESIGN OF EFFICACIOUS 

DOSE REGIMENS FOR CLINICAL PROOF OF 

CONCEPT STUDIES 



THERAPEUTIC DRUG MONITORING 

 

 

   

  “optimization of the therapeutic 

effect of a drug to prevent 

exposure to toxic or sub-

therapeutic concentrations, 

through dosage adjustments 

based on plasma concentrations 

in individual patients” 
 

 



TDM STUDIES IN ONCOLOGY – METHOTREXATE 

• 182 children with ALL – improved outcomes for patients with B-lineage leukaemia 

 



TDM STUDIES IN ONCOLOGY – CARBOPLATIN 



CARBOPLATIN CLEARANCE ACROSS COURSES AND 
DOSING GUIDELINES 



TDM ACROSS CENTRES 2017 

• Dose adjustments carried out in >75% cases 



QUESTIONS? 



TDM CASE STUDY – INFANT HEPATOBLASTOMA 

• Neonate born at 37 weeks with retroperitoneal mass and 
elevated AFP levels 

 

• Tumour biopsy at day 9 confirmed diagnosis of hepatoblastoma 
with no extra-hepatic disease 

 

• Standard risk treatment with cisplatin initiated according to 
SIOPEL3 

 

• First cycle at 16 days of age: 1.6 mg/kg cisplatin 
 

• Cisplatin pharmacokinetic studies were carried out on each of 6 
courses of treatment between weeks 2 and 17 of life 

 

• Samples for pharmacokinetic studies (UF) collected at 3h, 6h 
(end of drug infusion) and 24h  

 

 

 

 



TDM CASE STUDY – INFANT HEPATOBLASTOMA 

• Cisplatin AUC of 535 µg/ml.min on cycle 1 was well tolerated and 
encouraging response observed (decrease in AFP) 

 

• Dose of 1.7 mg/kg for cycles 2/3 with target AUC defined as that 
observed on cycle 1 

 

• >2-fold increase in cisplatin clearance (despite weight gain of 
approximately 10%) resulted in lower AUC values and 
subsequent increase in dose to 2.5 mg/kg  

 

 • Highlights the marked 
evolution of cisplatin 
clearance observed in 
neonates during the 
first few weeks of life 

 

• Clear rationale for 
TDM dosing approach 

 

 

  

 


