
Levels of Evidence in Drug Development:  

Paediatric Dose Selection for Fondaparinux

Challenge to the use of M&S in lieu of pharmacokinetic bridging



LEADING STATEMENTS:LEADING STATEMENTS:
 

1. Fondaparinux is a Factor Xa inhibitor (anticoagulant) indicat1. Fondaparinux is a Factor Xa inhibitor (anticoagulant) indicated for the ed for the 
prophylaxis of deep vein thrombosis (DVT) in patients undergoingprophylaxis of deep vein thrombosis (DVT) in patients undergoing

 

fracture surgery  fracture surgery  
and DVT or acute pulmonary embolism (PE) when administered in coand DVT or acute pulmonary embolism (PE) when administered in conjunction njunction 
with warfarinwith warfarin..

 2. 2. M&S analysis clearly showed that 0.1 mg/kg matched adult exposurM&S analysis clearly showed that 0.1 mg/kg matched adult exposures and should es and should 
be the recommended dose in children.be the recommended dose in children.

 3. The FDA has not accepted the dose rationale based on the 3. The FDA has not accepted the dose rationale based on the inferences from inferences from 
M&S results M&S results and demanded and demanded prospective trial showing evidence prospective trial showing evidence of safety and of safety and 
efficacy in children taking into account dose titrations. efficacy in children taking into account dose titrations. 

Argument :  the antiArgument :  the anti--coagulant systems might not be the same in children as compared coagulant systems might not be the same in children as compared to to 
adults. One can therefore not assume that similar exposures willadults. One can therefore not assume that similar exposures will

 

yield comparable yield comparable 
efficacy.efficacy.
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Mechanism of actionMechanism of action

Fondaparinux activates antithrombin III (AT) increasing affinity for factor 
Xa (Fxa) by 340-fold. Activated Fxa inhibits the intrinsic and extrinsic 
arms of the coagulation cascade, indirectly causing a reduction in 
thrombin generation 

Fondaparinux  is devoid of any direct antithrombin activity.



Are there differences in thrombin Are there differences in thrombin 
regulation between children and adults? regulation between children and adults? 

Are such differences clinically important?



Therapeutic benefits of factor X inhibitors Therapeutic benefits of factor X inhibitors 



 

In theory, inhibition of factor Xa provides a more efficient mechanism 
for the control of fibrin formation than does inactivation of thrombin;

(This is suggested by the finding that while inactivation of one molecule of factor Xa by antithrombin III inhibits 
the generation of 50 thrombin molecules, inactivation of these same 50 thrombin molecules would require 1300 
times as much antithrombin III)



 

Since inhibition of factor Xa leads to decreased thrombin generation rather than 
inactivation of thrombin's catalytic activity, factor Xa inhibition would not 
be expected to modulate thrombin's regulatory functions in the 
control of hemostasis. 



 

These regulatory functions are independent of thrombin's primary

 
role in catalyzing the fibrinogen-fibrin transformation and include, among 
others, procoagulant (factors V and VIII activation), anticoagulant (protein C 
activation), and prothrombotic (platelet and factor XIII activation) activities.



Impact of AssumptionsImpact of Assumptions
 Evidence vs. InferenceEvidence vs. Inference
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From evidence to inference:
 When should model-based approaches be used?



Dose Adjustment of fondaparinux

Dose: 0.1 mg/kg  qd.



From evidence to inference:
 When should model-based approaches be used?

Model validation using VPC for adult data. 
Simulations are represented by lines (median –solid line, 
95% prediction intervals - dashed lines) with the observed 
data overlaid.

Summary of Parameters in the final population 
PK model for fondaparinux

a) CL = TVCL x (WT/70) 0.75 

b) V2 = TVV2 x (WT/70) 1



From evidence to inference:
 When should model-based approaches be used?

Model validation. VPC for paediatric patients. 
Simulations are represented by lines (median – 
solid line, 95% prediction intervals - dashed 
lines) with the observed data overlaid.

Predicted (lines) and observed (symbols) 
fondaparinux concentration –time profiles for each 
subject in the first 24h grouped by body weight. 
BW < 20kg represented by solid lines and close 
circles, BW 20 -46 kg  represented by dotted lines 
and closed  squares. BW >46 kg represented by 
dashed lines and closed triangles. 



From evidence to inference:
 When should model-based approaches be used?

The observed fondaparinux concentration data from  the paediatric study (open circles) were overlaid on a plot of the 
simulation of 1000 adults receiving the recommended dosing regimen (median – solid line, 95% prediction interval – 
dashed lines).

Predicted Cmax and Cmin at steady-state in adults 
and paediatric patients (n = 1000)



Procedural steps taken and scientific information after the authorisation : 
Update of sections 4.2, 5.1 and 5.2 of the SmPC with data from a

 

phase II pilot dose-

 
finding and pharmacokinetic study
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Communication and level of confidence:Communication and level of confidence:
 framework to handle M&S assumptionsframework to handle M&S assumptions



CONCLUSIONS CONCLUSIONS 

11. . Inferential methods should underpin Inferential methods should underpin evidence synthesis and evidence synthesis and 
knowledge integration knowledge integration in the development of drugs for special in the development of drugs for special 
populations. Efforts should be made to achieve that objective. populations. Efforts should be made to achieve that objective. 

2. 2. M&S Assumptions can be M&S Assumptions can be violated violated (this should be addressed accordingly (this should be addressed accordingly 
e.g.  by additional evidence or by a better model), e.g.  by additional evidence or by a better model), mitigatedmitigated

 

(e.g.,  by label (e.g.,  by label 
restriction, dose titration) or restriction, dose titration) or pertain as risk pertain as risk to patients and other to patients and other 
stakeholders (e.g., regulator/sponsor). stakeholders (e.g., regulator/sponsor). 

3.  3.  The consequences and The consequences and clinical implications of M&S assumptions clinical implications of M&S assumptions 
must be quantified prior to rejection or acceptance of a model must be quantified prior to rejection or acceptance of a model 
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Differences in thrombin regulation in Differences in thrombin regulation in 
children and its impact on INRchildren and its impact on INR



Are there differences in thrombin Are there differences in thrombin 
regulation between children and adults? regulation between children and adults? 

Are such differences clinically important?



Modelling Diagnostics
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