
The role of pharmacokinetics in optimizing HA treatment: 

from theory to practice.

Alfonso Iorio, MD, PhD, FRCPC
Professor and Chair, Health Research Methods, Evidence, and Impact

Director, Hamilton-Niagara Hemophilia Program

McMaster University, Canada

Approval number PP-JIV-JP-1163-20-09



2

Professor and Chair at the department of Health Research Methods, Evidence, 
and Impact at McMaster University Canada

Director of the Health Information Research Unit (HiRU) of the Hamilton-
Niagara Hemophilia Program http://hiru.mcmaster.ca/hiru

Chair of the Canadian Bleeding Disorders Registry Committee (CBDR)

Principal Investigator of the Web Application for Population Pharmacokinetic 
in Hemophilia (WAPPS) project www.wapps-hemo.org

Co-investigator of the Patient Reported Outcomes, Burden, and Experiences 
(PROBE). 

Past-chair of the WFH Data and Demographics committee
Co-chair of the World Bleeding Disorders Registry (WBDR)

Department of Health Research Methods, Evidence and Impact & Department of Medicine, 
McMaster University, Hamilton, Canada

Alfonso Iorio, MD, PhD, FRCP(C)

http://hiru.mcmaster.ca/hiru
http://www.wapps-hemo.org/


Educational learning for the talk

1) A) Provide the foundational elements for the role and value of 
individualized population PK profiling

B) Discuss the practicalities of performing population PK profiling 
with WAPPS-Hemo

2) A) Present evidence supporting the clinical results you can expect 
to see by adopting WAPPS-Hemo based hemophilia treatment

B) focusing on switching patients to EHL factor VIII

Note: Main focus on prophylaxis based on factor concentrates



WFH 2020 Guidelines – 3rd edition 
Recommendations

“For patients with haemophilia A or B with a severe phenotype (may include 
patients with moderate haemophilia), the WFH strongly recommends that such 
patients be on prophylaxis sufficient to prevent bleeds at all times.”

Recommendation 6.1.1

“Prophylaxis should be individualised, taking into consideration
patient bleeding phenotype, joint status,
individual pharmacokinetics, and
patient self-assessment and preference.”

Recommendation 6.3.1

Srivastava A, et al. Haemophilia 2020;00:1–158



British Journal of Haematology, bjh.16704. 
https://doi.org/10.1111/bjh.16704

Haemophilia, 26(S6), 1–158. https://doi.org/10.1111/hae.14046

Minimal PK evaluation





The unmet need
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Population pharmacokinetic – basic concepts
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Item Classical PK Study Population PK Study

Focus Drug (and SAMPLED individuals) Population (and DRUG if enough cases)

Individual profiling Full set of samples needed

Pros Fewer patients; easy math; [Few] sparse sample; predictive value

Cons Many draws; no predictive value Many patients; computationally complex



In the same real or virtual population

Population PK – can be used to
fairly compare different treatments

9

Preijers T et al. Eur J Clin Pharmacol. 2021 Aug;77(8):1193-1200. Gorkom BAP et al. Br J Clin Pharmacol. 2021 Jun;87(6):2602-2613.

Bukkems LH et al. Thromb Haemost. 2021 Jun;121(6):731-740.  Carcao MD et al. J Thromb Haemost. 2019 Jul;17(7):1085-1096.

Tardy B et al. Haemophilia. 2022 Jul;28(4):542-547. Versloot O et al. Hemasphere. 2022 Mar 21;6(4):e694.

- Individual PK estimates

 - Average PK estimates by drug

 - Average PK outcomes
 by regimen by drug

 - Fair statistical comparison
 of different concentrates
 in the same population



Educational learning for the talk

1) A) Provide the foundational elements for the role and value of 
individualized population PK profiling

B) Discuss the practicalities of performing population PK profiling 
with WAPPS-Hemo

2) A) Present evidence supporting the clinical results you can expect 
to see by adopting WAPPS-Hemo based hemophilia treatment

B) focusing on switching patients to EHL factor VIII

Note: Main focus on prophylaxis based on factor concentrates



Population pharmacokinetic –
Can we trust it? Is it worth?
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PopPk with
• 2 sample including pre-dose and info on previous 

infusion retains 85% of the precision of a classical 
individual profile

• >5 sample consistently beats the classical approach

Benefits when used at the POC:
1. It does not require wash out
2. Can precisely estimate a regimen, of any complexity
3. Can precisely predict the impact of changing 

dose/frequency
4. Can “merge” samples obtained after different infusion
5. Can model the changes associated with changes in 

age, weight, height, (VWF levels)



WAPPS-Hemo: worldwide usage



Estimating an individual PK 
profile with pop PK approach
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New ISTH guidelines
(popPK + sparse sampling)

Iorio A, Blanchette V, Blatny J, Collins P, Fischer K, Neufeld E
J Thromb Haemost. 2017 Oct 12. doi: 10.1111/jth.13867.

Washout

Iorio A, et al. Performing and interpreting individual pharmacokinetic profiles in patients 
with Hemophilia A or B: Rationale and general considerations.

 Res Pract Thromb Haemost. 2018 Jul 20;2(April):1–14.  doi. 10.1002/rth2.12106





Simplified PK study

Pre-dose

Infusion

“Peak” (~3 hrs)

Previous-Infusion
1.pre-dose
2.Early sample
3.Late sample

“Late” (~24-48 hrs)X 2

1. pre-dose (e.g  0.04 IU/mL)

2. Infusion

3. Early sample

4. Previous infusion

Dose
Time

Blanchette,  et al (2021). Thrombosis and Haemostasis. https://doi.org/10.1055/a-1376-0970



Educational webinar series
• WAPPS-Hemo YouTube channel: 

https://www.youtube.com/@wappshemo682/featured

https://www.youtube.com/@wappshemo682/featured


”Rewards” and “usable outputs”
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Educational learning for the talk

1) A) Provide the foundational elements for the role and value of 
individualized population PK profiling

B) Discuss the practicalities of performing population PK profiling 
with WAPPS-Hemo

2) A) Present evidence supporting the clinical results you can expect 
to see by adopting WAPPS-Hemo based hemophilia treatment

B) focusing on switching patients to EHL factor VIII

Note: Main focus on prophylaxis based on factor concentrates



PROPELL STUDY
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ABR, annualized bleeding rate; AJBR, annualized joint bleeding rate; FVIII, factor VIII.
P<0.05 between the 1–3% and 8–12% trough arms is considered statistically significant. 

40%

67%

81%
91%

Total ABR=0 Spontaneous ABR=0 Spontaneous AJBR=0
P=0.02 P=0.04 P=0.008

FVIII trough level 1–3% (n=52) FVIII trough level 8–12% (n=43)

Total ABR, mean (SD) 2.8 (3.0) 1.2 (2.4)
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Carcao MD et al. Comparative pharmacokinetics of two extended half‐life FVIII concentrates (Eloctate and Adynovate) in 
adolescents with hemophilia A: Is there a difference? J Thromb Haemost. 2019 Jul 2;17(7):1085–96. 

Interindividual variability
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Observations vs Predictions (1)
Jivi one stage





The WAPPS-Hemo calculator switching support function:
first scenario – keep the same treatment plan

For dosage and administration of Damoctocog alfa pegol, please refer to the package insert.



The WAPPS-Hemo calculator switching support function:
second scenario – less frequent infusions



The WAPPS-Hemo calculator switching support function:
third scenario – dose calculation to achieve target trough



Aged ≥12 years 
Severe or moderately severe Hem A (FVIII:C ≤2%)
Kovaltry prophylaxis for ≥9 months

Evaluate the changes in PK parameters in patients 
switching from Kovaltry to Jivi in real-world practice

31

Variations in PK parameters (AUC and clearance) observed in patients 
switching from Kovaltry to Jivi: Canadian switching experience
Single-centre, intra-patient comparison of Jivi PK with Kovaltry, using data routinely collected by the Hamilton-Niagara Regional 
Hemophilia Treatment Centre
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Fig. 1. Dose normalised AUC and clearance by patient (n=22) 
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Iorio A. et al. Poster PO041 presented at EAHAD 2022
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Changes in clinical outcomes in already well-maintained patients: 
Canadian switching experience
Single-centre, intra-patient comparison of Jivi clinical outcomes with Kovaltry, using data routinely collected by the Hamilton-Niagara 
Regional Hemophilia Treatment Centre

Kovaltry: ocotocog alfa; Jivi: Damoctocog alfa pegol
Adapted from Matino D. et al. Poster PB1142 presented at ISTH 2022
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Evaluate the changes in effectiveness, utilization and patient satisfaction in 
patients switching from Kovaltry to Jivi in real-world practice
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Single-centre, intra-patient comparison of Jivi clinical outcomes with Kovaltry, using data routinely collected by the Hamilton-Niagara 
Regional Hemophilia Treatment Centre

Kovaltry: ocotocog alfa; Jivi: Damoctocog alfa pegol
Adapted from Matino D. et al. Poster PB1142 presented at ISTH 2022
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Evaluate the changes in effectiveness, utilization and patient satisfaction in patients switching from Kovaltry to Jivi in real-world 
practice

Changes in utilization in already well-maintained patients: 
Canadian switching experience

Recorded infusions per week, n/week

Kovaltry Jivi

Median
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2.7
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Dose per infusion, IU/kg
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*For dosage and administration of Damoctocog alfa pegol, please refer to the package insert.
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Individual response variability

Schmitt, C., Thrombosis and Haemostasis, 2021, 121(03), 351–360.
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Dose-response predictability

Schmitt, C., Thrombosis and Haemostasis, 2021, 121(03), 351–360.
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http://calibra.app

Mahlangu J, Iorio A, Kenet G.
Emicizumab state‐of‐the‐art update.
Haemophilia. 2022 May 6;28(S4):103–10 doi/10.1111/hae.14524



Conclusions

• Population PK effectively models the variability in the population and 
makes it simple and feasible to estimate individual profiles

• Adoptions of PK tailored profiling is associated with patient 
important outcomes, even when using low dose prophylaxis

• Canadian data show how population PK applications use
optimizes the value of EHLs.
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