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Aims

■ To increase awareness of 

the implementation gap that 

affects Pharmacometrics

■ To consider current hurdles 

against rational treatment 

individualization through monitoring

■ To touch on some prospects that 

might help patients to better benefit 

from progress in Pharmacometrics
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PK Variability of Antiretrovirals: a Deadly Issue

Gibbons ES, Reynolds HE... Back DJ. The Liverpool therapeutic drug monitoring service –

a summary of the service  and examples of use in clinical practice [abstract P259 A]. AIDS 2000, 14(suppl 4):589.
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Unselected patients under various Protease Inhibitors :
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Efavirenz: Still used without Therapeutic Monitoring!

C. Csajka & al. Population pharmacokinetics and effects of 

efavirenz in patients with human immunodeficiency virus 

infection. Clin Pharmacol Ther. 2003;73:20-30

253 unselected patients under 

Efavirenz 600 mg q.d. :
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C. Marzolini & al. Efavirenz plasma levels can predict 

treatment failure and central nervous system side effects 

in HIV-1-infected patients. AIDS 2001, 15:71-75
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130 unselected patients under

Efavirenz 600 mg q.d. :



T. BuclinThierry Buclin, Pharmacologie clinique, CHUV, Lausanne

The criterion of Safe and Effective Variability
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Standard population or group dosing: Therapeutic monitoring / Target control intervention:

Holford NH, Buclin T. Safe and effective variability – a criterion for dose individualization. Ther Drug Monit. 2012;34:565-8

SEV
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Voriconazole: Suboptimal exposure in ~50%

C. Csajka & al. Population pharmacokinetics of 

voriconazole in patients with invasive mycoses. 

PAGE meeting 2009

A. Pascual & al. Challenging recommended oral and intravenous voriconazole

doses for improved efficacy and safety. Clin Infect Dis. 2012;55:381-90
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Unwilling Drug Compagnies

■ Unlike theranostics, 

therapeutic monitoring based

on either concentrations or 

biomarkers is badly considered.

■ Drug candidates that would heavily

rely on monitoring are abandoned

(despite provocating examples).

■ For other candidates, clinical

development resolutely ignores the 

potential benefits of monitoring.

■ Very few incentives come from

authorities, prescribers or patients.

2014
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Unwilling Prescribers

■ The feed-back loop of dosage 

adjustment is complicated and slow.

■ Analytical methods demand large, 

remote central laboratories.

■ Standardized samplig time 

(usually trough) is a problem.

■ Interpretation of concentrations 

or biomarkers results is uneasy. 

■ Evidence is scarce regarding actual

benefit for patients. 

Information 
+ Decision

TDM request
+ clinical data

Blood sampling

Postage to labAnalysis

interpretation
+ recommendation
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POCT are coming for Therapeutic Moniroring
Aptamers : 

Antibodies: 

Surface Plasmon

Resonance: 

Miniaturuzed

Fluorescence 

Polarization: 

Computer-assisted

user-friendly

interpretation tools

Remote data collection

Central repository for 

PKPD reference data

Connectivity, privacy
Microfluidics

Lab-on-Chip

technology
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Dry Blood Spots represent an alternative

Minimally

invasive 

sampling

Adjustment

instructions Central analysis and interpretation
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Making Therapeutic Monitoring Easy

Example: Patient receiving imatinib 400 mg/d 

for chronic myelogenous leukemia. 
Unsatisfactory response  TDM 920 µg/L 

8 h post-dose. 
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Making Therapeutic Monitoring Easy

Example: Patient receiving imatinib 400 mg/d 

for chronic myelogenous leukemia. 
Unsatisfactory response  TDM 920 µg/L 

8 h post-dose. 

Is this concentration “normal”?
consdering drug dosage and 

patient’s characteristics

Prediction percentiles:
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Normality or Expectedness relies on Pop-PK

Gotta V, Buclin T, Csajka C, Widmer N. Systematic review of population pharmacokinetic analyses 

of imatinib and relationships with treatment outcomes. Ther Drug Monit. 2013;35:150-67.

Single study or Systematic Review and Meta-Analysis of studies
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Making Therapeutic Monitoring Easy

Example: Patient receiving imatinib 400 mg/d 

for chronic myelogenous leukemia. 
Unsatisfactory response  TDM 920 µg/L 

8 h post-dose. 

Is this concentration “normal”?

Is this concentration “good”?
for patient’s condition and well-being

Prediction percentiles:
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Suitability or Appropriateness relies on Pop-PKPD

Suitable

therapeutic

target

Gotta V & al. Large-scale imatinib dose-concentration-effect study in CML patients under routine care conditions.

Leuk Res. 2014;38:764-72.

CCyR > 6 mo

MMR >18 mo

AEs

Single study or Meta-Analysis of studies
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Making Therapeutic Monitoring Easy

Example: Patient receiving imatinib 400 mg/d 

for chronic myelogenous leukemia. 
Unsatisfactory response  TDM 920 µg/L 

8 h post-dose. 

Is this concentration “normal”?

Is this concentration “good”? 

How to reach optimal exposure?
through dosage and follow up decisions

Prediction percentiles:
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Decision Support relies on Bayesian Adaptation

Computer tools have been made available!

InsightRx

BestDose
MWPharm

Simulo

Tucuxi

etc.

Dose-Me
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Evidence remains largely to be produced

28 patients offered routine TDM

28%

77%

p=0.03

Recommendation

14  CORRECTLY 

FOLLOWED

13  POORLY OR 

NOT APPLIED

1 lost to follow up

1:1 Randomization

56 CML patients treated < 5 years

28 rescue TDM

No difference
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38 Small 

molecule STIs

now approved

by EMA

Drug Trade name Company EMA Indications
Imatinib Gleevec, Glivec Novartis 2001 Chronic myelogenous leukaemia, Acute lymphoblastic leukemia Phi+, GIST

Erlotinib Tarceva Roche, Genentech 2005 Non-small cell lung cancer, Pancreatic cancer, etc.

Sorafenib Nexavar Bayer, Onyx 2006 Renal cell carcinoma, Hepatocellular carcinoma, Differentiated thyroid carcinoma

Sunitinib Sutent Pfizer, Sugen 2006 Renal cell carcinoma, GI stromal tumour, Pancreatic neuroendocrine tumour

Dasatinib Sprycel BMS 2006 Chronic myelogenous leukaemia, Acute lymphoblastic leukemia Phi+ (2nd line)

Temsirolimus Torisel Wyeth 2007 Renal cell carcinoma, Uterine cancer

Lapatinib Tykerb GSK 2008 Breast cancer HER2-positive

Nilotinib Tasigna Novartis 2009 Chronic myelogenous leukaemia (2nd line)

Gefitinib Iressa AstraZeneca 2009 Non-small cell lung cancer with EGFR mutation

Everolimus Afinitor, Votubia Novartis 2009 Breast, kidney, neuroendocrine cancers,sarcomas,Waldenström

Pazopanib Votrient GSK 2010 Renal cell carcinoma, soft tissue sarcoma

Vandetanib Caprelsa AstraZeneca 2012 Medullary thyroid cancer

Vemurafenib Zelboraf Roche 2012 Melanoma with B-RAF mutation

Ruxolitinib Jakavi Novartis, Incyte 2012 Myelofibrosis

Axitinib Inlyta Pfizer 2012 Renal cell carcinoma (2nd line)

Crizotinib Xalkori Pfizer 2012 Kinase-positive non-small cell lung cancer

Bosutinib Bosulif Pfizer 2013 Chronic myelogenous leukaemia, Acute lymphoblastic leukemia

Ponatinib Iclusig Ariad 2013 Chronic myelogenous leukaemia, Acute lymphoblastic leukaemia Phi+ (2nd line)

Dabrafenib Tafinlar GSK 2013 Melanoma with B-RAF mutation

Regorafenib Stivarga Bayer 2013 Colorectal cancer, Gastrointestinal stromal tumour

Afatinib Gilotrif Boehringer Ing. 2013 Non-small cell lung cancer

Ibrutinib Imbruvica Janssen 2014 Chronic Lymphocytic leukemia,  Mantle cell lymphoma

Sonidegib Odomzo Sun 2015 Basal cell carcinoma

Panobinostat Farydak Novartis 2015 Multiple myeloma

Carfilzomib Kyprolis Amgen 2015 Multiple myeloma

Cobimetinib Cotellic Roche 2015 Melanoma BRAF V600+

Osimertinib Tagrisso AstraZeneca 2016 Non-small-cell lung cancer EGFR T790M+

Lenvatinib Kisplyx Eisai 2016 Renal cell carcinoma

Cabozantinib Cometriq Exelixis 2016 Metastatic thyroid cancer

Cabozantinib Cabometyx Ipsen 2016 Renal cell carcinoma

Palbociclib Ibrance Pfizer 2016 Breast cancer ER+ HER2-

Ixazomib Ninlaro Takeda 2016 Multiple myeloma

Venetoclax Venclyxto AbbVie 2016 Chronic lymphocytic leukaemia with 17p deletion or TP53 mutation

Alectinib Alecensa Roche 2017 Non-small cell lung cancer ALK+

Ribociclib Kisqali Novartis 2017 Breast cancer ER+ HER2-

Tivozanib Fotivda Aveo 2017 Renal cell carcinoma

Midostaurin Rydapt Novartis 2017 Acute myeloid leukemia, mastocytosis

Niraparib Zejula Tesaro 2017 Ovarian cancer
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Authorities are to Convert ! 

Please go and fill in the ISoP Response Form to insist on the importance of 

assessing PKPD variability and of systematically evaluating the potential merits

of therapeutic monitoring, based on either concentrations or biomarkers !

https://insp.memberclicks.net/index.php?option=com_mc&view=mc&mcid=form_254412
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Conclusions

■ Pharmacometrics bring about key 

components for the advocated 

precision medicine

■ Technological advances will 

shape and foster new forms of 

therapeutic monitoring

■ Pharmacometricians have a 

definite responsibility in bridging 

the implementation gap


