
ncl.ac.uk

Development of a national therapeutic drug 
monitoring programme for  childhood cancer 
patients in the UK 

Dr Shelby Barnett
shelby.barnett@newcastle.ac.uk 



From Newcastle. For the world.

Newcastle Cancer Centre Pharmacology Group (NCCPG)
• Over the past 20 years there was an increasing number of clinical 

requests for TDM

• Pharmacokinetic data available for a number of drugs but no 
efficacy or toxicity data collected

• Demonstrated the need for a formal approach to TDM
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Developmental changes that affect ADME

3Taken from Kearns GL: New Engl J Med, 2003;349:1157-1167

• Developmental changes throughout childhood can 
effect certain pharmacokinetic process 
• Leading to large variability in drug exposures

• Clinical pharmacology studies not conducted in children 
• Pharmacokinetic data comes from adults
• Unlicensed and off-label drug use
• Dose reductions- cut-off age/weight
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Newcastle TDM Study

NIHR Research for Patient Benefit Grant- awarded 2018
Little Princess Trust Grant- awarded 2021

Centres
•Number of centres open:16
−First centre opened: 30th April 2019

Patients
•Number of patients recruited: 238
−First patient recruited: 15th May 2019
−Target: 300 patients
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TDM studies in oncology– which patients?

•High dose chemotherapy regimens

•Infants and very young children

•Anephric patients or patients with poor kidney function

•Patients with hepatic impairment

•Obese/malnourished patients

•Patients receiving standard chemotherapy for some drugs
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Samples taken 

Samples received at lab

Sample analysis 

Carboplatin & Cisplatin

Atomic absorption spectroscopy 
15min sample extraction process 
2-3hr assay run time

All other drugs

LC-MS/MS
3-5hr sample extraction process 
8-10hr assay run time

Data analysis

Data verification 

Reporting results

Sample receipt and logging

Overnight shipping on dry ice

Comparison of patient results with in house and literature data

Separate assay 
required for each 
drug of interest. 
Only 1 assay can 
be run per day on 
each machine.
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Study Details- NCCPG TDM 2018
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Aims 
1. Determine PK parameters for anticancer drugs in 

“hard-to-treat” patient populations.
• Improve the efficacy/toxicity balance.

2. Assess factors associated with PK variability.
• Age, GFR, weight etc. 

3. Compare TDM with standard dosing regimens.
• Improve dosing regimens based on a sound 

pharmacological rationale.

Drug 
efficacy 

Drug 

toxicity
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TDM Study Recruitment 
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Centres
•Number of centres open:16
− First centre opened: 30th April 2019

Patients
•Number of patients recruited: 238
− First patient recruited: 15th May 2019
−Target: 300 patients

Hard-to-treat group
•Majority infants and neonates (63%)
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TDM Study Recruitment 
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TDM Requests
•Number of GCP validated drug assays: 12

•Most frequent clinical requests
• Carboplatin, vincristine and etoposide 

•Many patients receive TDM for multiple 
chemotherapy drugs
• >45% on 2 or more drugs

• >40% of participants have >1 cycle of 
chemotherapy monitored using TDM
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Carboplatin dosing in infants and neonates

• Carboplatin TDM is standard of care for several tumour types

• Target AUC of 5.2-7.8mg/mL.min
− 4.4mg/kg/day if <5kg
− 6.6mg/kg/day if 5-10kg

• Carboplatin PK data were obtained from a total of 82 
childhood cancer patients.
− ≤10kg
− 165 occasions of TDM

• Carboplatin PK parameters generated using Bayesian 
modelling.
− area under the plasma concentration-time curve (AUC) and 

clearance (CL). 
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Results

• No significant differences in clearance or dose required 
to achieve target AUC (5.2mg/mL.min) in infants <5kg 
or 5-10kg.
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• Linear relationship between clearance and body weight 
that can be used to determine appropriate daily dose.
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• 1.15 mg/kg/day required for every 1mg/mL.min 
targeted.
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Results
• 6mg/kg/day for target of 5.2mg/mL.min
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Vincristine dosing and TDM in infants and neonates

13Barnett et al (2022) Eur. J. Cancer 164:127-136

• Widely used anticancer drug in paediatric oncology.

• Study investigating vincristine PKs including 26 neonates 
/ infants.
• Pop-PK model developed

• No significant difference in vincristine clearance 
normalized for body surface area between 
neonates/infants and older children.

• Lower doses administered to neonates and infants 
resulted in significantly lower drug exposures.

• TDM approach shown to be feasible and effective / dose 
increases well tolerated in all patients.

• Potential therapeutic window of 50-100µg/L*h
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TDM Website https://nccpg.ncl.ac.uk/

14Nijstad et al (2022) Eur. J. Cancer 164:137-154

https://nccpg.ncl.ac.uk/
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TDM Website https://nccpg.ncl.ac.uk/

15Nijstad et al (2022) Eur. J. Cancer 164:137-154

https://nccpg.ncl.ac.uk/
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Cost of TDM

Funding- 5 year duration (total)
• NIHR Research for Patient Benefit Grant- £250k
• Little Princess Trust Grant- £175k

This covers the cost of
• Sample transport- £250-£300 per delivery (over night on dry 

ice)
• Sample analysis- £230 per analytical run
• Consumables- variable per drug
• Research associate position- Full time sample analysis and 

study coordination

Using carboplatin TDM as an example
• 1 cycle of TDM costs on average £600
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• Proof of principle study for POC TDM for anthracyclines

• Funding from NIHR i4i programme (£1M)

• Jan 2021 – June 2023

• Cross-validation of assays / sample availability

• Additional funding from Innovate UK (£75K)

Development of Point-of-Care TDM Technology
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Summary

• TDM study has been extremely well received by both clinical teams and parents.
− An increasing number of clinical requests from Europe 

• TDM study has allowed us to collect PK and clinical data from patient cohorts that we have very little 
data for.
ü Benefits individual patients
ü Improves dosing regimens for future patients

• Future work will focus on making TDM standard of care in paediatric oncology
ü Commissioning policies 
ü Microsampling techniques
ü Point of care device
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