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Disclosure Statement

•GPFC :
• Funded by the Morris and Rosalind Goodman 

Family Foundation and the CHU Sainte-Justine 
Foundation
•Provided service contracts with Pharmascience, 

Leon Nanodrugs, Rare Disease Therapeutics, and 
Ethypharm (no longer providing services to industry 
for a fee)
•No current service agreements ongoing



Determinants of Effective and Safe Therapy

Pharmaceutics Pharmacokinetics Pharmacodynamics

Availability of age-appropriate, innovative and high-quality pediatric 
formulations can spell the difference between successful treatment 

or therapeutic failure and safe therapy or adverse events



Problem Statement
• Many drugs administered to children are used off-label and are not available as 

commercial pediatric formulation

• Need for manipulation of 
dosage forms designed for 
adults by health care 
professionals and parents ; 
COMPOUNDING is associated 
with many challenges

• An estimated 50% to 80% of all 
medications prescribed to 
children in Canada are given off 
label
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What is the Extent of Compounding?

• Studies looking at the percentage of prescribed drugs requiring 
compounding are scarce

• A Canadian study showed that 60% of new drugs approved for use by 
Health Canada in children less than 6 years of age between 2007-2016 did 
not come as a child-friendly formulation. 

• A recent retrospective study (abstract) conducted at the Centre Hospitalier
Universitaire Sainte-Justine on 2 separate days showed that:
• Almost on quarter (23%) of all prescriptions for enteral administration in the hospital 

were for compounded preparations;

• Nearly half (49%) of hospitalized children received at least one prescription for a 
compounded medication

Raja, P. et al, CMAJ Open, 2020. 8(3): p. E522-E529.
Landry E.K.  et al. Pediatric Academic Society Annual Meeting 2021.





Clonidine compounding errors



Compounding and Adverse Events

• Lack of data 
• Number of cases that occur in clinical practice are underestimated

• No requirement to report AEs associated with compounded products

• Problems go unnoticed as patients do not seek medical attention or doctors 
do not make the connection to the offending product. 

• Prescribers are often unaware whether the medication they are prescribing 
to a child is compounded contributes to the under reporting of problems 
associated with compounding.
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• In a recent Canadian study looking at harmful pediatric errors in the 
community over a 5-year period,  ISMP Canada found that calculation 
mistakes and errors related to the compounding process were the 
most frequently cited errors and compounding errors accounted for 
more than 35% of harmful incidents reported in children (data 
provided by ISMP Canada). 

• A US systematic review of AEs from outpatient compounding by 
Watson et al. (2021) and a European published report (Isles, 2020) 
both conclude that errors in the preparation of a compounded 
medicine were more common in children.
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ISMP Canada Safety Bulletin Volume 22 (5) • April 20, 2022 
Watson CJ et al. J Med Toxicol. 2021 Apr;17(2):197-217. 
Isles M. International Journal of Risk & Safety in Medicine 31 (2020) 133–144

Compounding and Adverse Events



• 8 month old liver transplant recipient 
admitted for severe hepatic failure 
secondary to acute rejection

• Tacrolimus blood level found to be 
extremely low

• During hospitalization, his tacrolimus 
blood level returned within a therapeutic 
range

• Lack of adherence by the mother was 
suspected along with parental neglect 

Tacrolimus concentration in the compounded suspension prepared by 
the local pharmacy = 0.04 mg/mL = 1/10 of expected concentration
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Compounding and Therapeutic Failure





The GPFC Mission

• To facilitate market authorization of pediatric drug formulations 
in Canada by:
• Identifying and communicating unmet pediatric formulations needs to key 

stakeholders 

• Contributing to a favorable clinical and regulatory environment

• Contributing to uncovering incentives for manufacturers and life science 
organizations

• Promoting cost effective treatment for children

• To promote safety of medicines administered to children

Improving Access to Commercialized 
Child-Friendly Medicines

Confidential



How Did We Create Our Priority List?

1. Which drugs are currently compounded for oral 

administration in Canadian children and which 

ones are available in US and/or EU as commercial 

pediatric formulations ?
• Study conducted at the Centre Hospitalier Universitaire Sainte-

Justine

2. Which drugs should be prioritized first ?
• Pan-Canadian survey

3. What is the pediatric market size ?
• IMS data (now IQVIA) for all drugs on the list
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Priority List
• 56 “old” drugs regularly compounded 

with a median of 35 years on the 
Canadian market
• 27 (48%) have a suitable child-friendly 

commercial formulation outside of Canada
• 18 (67%) have a Canadian pediatric indication

• 12 top drugs identified by Pan-Canadian 
survey
• 9 have a suitable child-friendly commercial 

formulation outside of Canada

• Tacrolimus: pediatric market share (data 
from IQVIA)= 1,576,181 TRX units (7% of 
total Canadian tacrolimus market)
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Litalien C et al. Can J Hosp Pharm. 2020 Fall;73(4):247-256. 
Gilpin A. et al. Paeditr Child Health 2018 Jun-Jul (Suppl 1):e53



Tacrolimus – Canadian Monograph

● Initial approval:  1996 (Fujuisawa Canada), 2006 (Astellas Canada)
● First-line immunosuppressive agent for the prophylaxis of rejection in both 

pediatric and adult solid organ transplantation (SOT)
● Long-term treatment
● Narrow therapeutic index (therapeutic drug monitoring)

● Available forms in Canada 
● Immediate-release capsules 0.5, 1 and 5mg (Prograf®, Sandoz®), extended-release capsules 

0.5, 0.75, 1 ,3, 4 and 5 mg (Advagraf®, Envarsus PA®) and  IV 5mg/mL (Prograf®)
● Need to compound for young children unable to swallow

● Pediatric Indication ?
● Prophylaxis of organ rejection in patients receiving allogeneic liver, kidney or heart 

transplants 
● Treatment of refractory rejection in patients receiving allogeneic liver or kidney transplants
● Pediatrics (< 18 years of age): Experience with Prograf in pediatric kidney and heart 

transplant patients is limited. Successful liver transplants have been performed in pediatric 
patients (ages 4 months up to 16 years) using Prograf, with the majority of these patients 
under 5 years of age



Tacrolimus – Issues with
Compounded Formulation

• Errors in the preparation
• Limited stability data
• Under appreciation of the potential impact of 

compounding on the variability of tacrolimus PK profile



Tacrolimus compounding errors



• Stability studies for storage conditions of tacrolimus compounded
suspension conducted under controlled conditions;
• Jacobson (1997):  All the amber plastic bottles were stored at room temperature 

(24–26 °C). A 1-mL sample was withdrawn with a micropipette from each of the 
six bottles immediately after preparation and at 7, 15, 30, 45, and 56 days.  
Result: Stable for 56 days at room temperature.

• Frisciu (2017): Each preparation was packaged in amber glass bottles and amber
plastic syringes. Preparations were stored at 5°C or 25°C for up to 90 days an 
aliquot was removed from each bottle at each time point for analysis day
0,7,14,30,45,60, 75 and 90. Results: Stable for 90 days at room temperature
and in fridge.

Stability of the Compounded Formulation
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• A study mimicking real life use was conducted by the GPFC with
participation from the Faculty of Pharmacy (UdeM)
• Amber plastic bottles containing 150 mL tacrolimus 0,5mg/mL submitted to 

various conditions over 28 days and up du 84 days;
• Twice daily sampling of 2 mL to reproduce BID dosing;
• Scenarios looking at various parameters such as effect of time, temperature, 

sunlight exposition and agitation;
• Concentrations of tacrolimus measured q 7 days from day 0 to day 28 (56 and 84 

for control bottle)
• Microbial contamination evaluated on day 0 and 28 (56 and 84 for control bottle).
• Primary endpoints :

• Tacrolimus concentrations measured in bottles compared to expected concentration 
(0.5 mg/mL +/- 5 and 10%) over time;

• Presence or absence of microbial contamination on first and last day of sampling

Stability of the Compounded Formulation
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Preliminary Results:
Concentration of Tacrolimus Over Time
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2 bottles out of 6 (33%) were borderline at D0  
4 bottles out of 6 (67%) were below expected concentrations as of D14

+10%

+5%

-10%

-5%

+10%

+5%

-10%

-5%



Commercial Capsules versus 
Compounded Suspension
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Tacrolimus Granules for Oral Suspension

• 2001: First approved in Japan as Prograf® granules 

• 2009: Approved in Europe (EMA) as Modigraf® 
• Prophylaxis of transplant rejection in adult and paediatric, kidney, liver or heart allograft 

recipients. Treatment of allograft rejection resistant to treatment with other 
immunosuppressive medicinal products in adult and paediatric patients. 

• 2018: Approved in US (FDA) as Prograf® granules
• PROGRAF is a calcineurin-inhibitor immunosuppressant indicated for the prophylaxis of 

organ rejection in adult and pediatric patients receiving allogeneic liver, kidney or heart 
transplants, in combination with other immunosuppressants.

• Submitted in response to a PMR for Astagraf XL

• Received orphan designation

• Currently marketed in 32 countries (not in Canada)



Data Supporting Approval of 
Tacrolimus in Europe (EMA)

• 2001: Phase 1 Bioequivalence study

• Phase 2 Open-label non-comparative pilot study in pediatric liver transplant recipients (1996-
1998)

• Phase 3 Open-label, prospective, randomized comparative study in pediatric liver transplant 
recipients (2000)

• Supportive studies from Japan

• Conclusion:  The capsule and granules formulations were not bioequivalent, with the granules 
resulting in an 18% increase in AUC. In the context of the proposed 1:1 mg switch, the clinical 
relevance of this difference was thoroughly discussed. It was deemed acceptable as subjects 
are under close supervision with TDM.

• Follow-up measures:

• Phase 4 OPTION study 

• Follow-up study to the OPTION study 



• FDA did not request supplemental studies

• Accepted the bioequivalence study previously performed 

• The difference in AUC between the capsule and the granules formulation was 
not considered clinically significant

• No need for a systematic review

Data Supporting Approval of 
Tacrolimus in the USA: FDA



Tacrolimus – Cost Comparison
between formulations 

It is important to note that 
these are NOT high cost drugs
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Oral Fomuation
Strength or 

Concentration
Cost per mg 

UK1

Granules (Modigraf)
0.2mg/sachet $11,12

1 mg/sachet $11,12

Capsules (Prograf) 5 mg $1,85

RAMQ2

Capsules (Prograf) 5 mg $2,50

Capsules (Sandoz) 5 mg $1,89

CHU SJ 
Compounded
formulation3 0.5mg/mL $4,33

1 Drug tarifs August 2022 : granules = 7,13 bp/mg caŝpsule= 1,19 bp/mg converted to CDN on 17Aug2022 
2 Price from latest RAMQ listing date August 2022
3



Tacrolimus Annual Cost Estimate
• Hypothetical case: 1 year-old child with hepatic transplant, weighing 10 kg and requiring

0,2 mg/kg/day in two doses = 2 mg/day

Compounded Commercial

Formulation Oral suspension 0,5mg/mL Granules for suspension 0,2 mg et 1 
mg sachets

Preparation/
stability

• Prepared at the pharmacy
• Requires special equipment

(hood) 
• Stability = 56 days
• Requires to be vigoursly

shaken

• Prepared by caregiver
• Diluted in water at the time of 

administration 
• Stability = 3 years

Cost/mg 4,33$ 11,12$

Annual cost (2mg/d) 3 160$ 8 117$

• High cost drugs such as Spinrazamc (intrathecal nusinersen) for spinal amyotrophy in 
children cost 708K$ for the first year and 354K$/year afterwards 

• Risk of organ rejection or toxicity is higher with the compounded preparation

• Estimated mean cost of hepatic transplantation in Ontario in 2002 was $120K (ranging from$30 à 
$690K) 

• In Québec-RAMQ : Interprovincial tarif for costly interventions (As of April 1st 2016): hepatic 
transplantation = $ 132K

https://www.cmaj.ca/content/168/2/206.1
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/420-services-hospitaliers-internes/008_tari_interpro_serv_interne.pdf

https://www.cmaj.ca/content/168/2/206.1
https://www.ramq.gouv.qc.ca/SiteCollectionDocuments/professionnels/manuels/420-services-hospitaliers-internes/008_tari_interpro_serv_interne.pdf


Why are tacrolimus granules 
not available in Canada ?

• Per discussion with manufacturer of Prograf (Astellas)
• Market research concluded there was no interest from contacted health

professionals ;
• There was no complaint about the compounded suspension (GPFC’s survey

conducted in 2017 with pediatric hospital pharmacist showed the opposite)
• Due to complexity of market access and lack of interest – no submission to 

Health Canada
• Contrary to Europe (EMA) and the US (FDA), there is no obligation to submit

pediatric formulations in Canada

• In 2020, the GPFC initiated a pilot project using an inverted model 
with tacrolimus to determine all the steps required and costs to bring
the formulation to market





Pricing: The Last Step to Access
• Need to show cost benefit compared to 

what is being reimbursed today

• Existing reimbursement in pediatric 
formulations may be compounded 
medications

• Provincial budget impact analysis is done 
using compounded medication as a 
comparator
• Does not value the rigorous requirements for a 

commercial formulation



What’sNext for Pediatric Formulations 
for Canadian Children ?

• Canada lags behind
• 20 years after Japan, Canada is treating organ transplant in children with a sub-

optimal preparation of tacrolimus

• Is this acceptable in the context of organ shortages ?

• What is the rationale to support a commercial preparation versus 
compounding?
• Do we consider that there is an advantage to a GMP medication?

• How do we convince pharma to market age-appropriate formulations ? 
• Trusted foreign decision ?
• Priority review ?
• Financial incentives ?



Dr. Catherine Litalien, Medical and Scientific Director, GPFC
catherine.litalien.med@ssss.gouv.qc.ca

Sophie Bérubé, Scientific Lead, GPFC
sophie.berube.pharm.hsj@ssss.gouv.qc.ca
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