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Determinants of Effective and Safe Therapy %
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Availability o

Acceptable and palatable dosage form

Dose and dose volume/weight adjusted to the intended age group
(dosing flexibility)

Convenient, reliable administration (accurate dose, suitable
administration device)

Minimal manipulation by HCPs, parents or caregivers prior to use
Minimal administration frequency

Minimal impact on life style

Minimum nontoxic excipients

Transportable and low bulk/weight

Easily produced and stable in a variety of climates

Affordable

Commercially viable

HCP, health care professional.
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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 /~  Limited stability data

dosage fO rms designed for‘ Taste issue with limited options available to mask bad-tasting APls
adults by health care Inaccurate dosing

professionals and parents ; Altered absorption

COMPOUNDING is associated Lack of bioavailability data for compounded drugs

Wlth many chaIIenges < Lack of testing for purity, potency, content, or stability

Deficient environmental control with potential contamination of the

An estimated 50% to 80% of all compounded drugs

medications prescribed to Exposure of HCPs and/or parents to toxic APls
children in Canada are given off Lack of awareness of physicians

| 3 be| No or weak oversight by regulatory agencies

k API, active pharmaceutical ingredient; HCP, health care professional.
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What is the Extent of Compounding?

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

e 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.
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Parents find son's lifeless body after pharmacy switches sleep

medication for toxic dose of another drug ‘15;, news
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Toxicity from a Clonidine Su

Mariya F. Faroogi, PharmD¥, Steven A. Seifert,
Mary 1. Johnson, MD<, Blaine E. Benson, Pharr

New Mexico Poison and Drug Information Center and Unive
EDepartment of Emergency Medicine, University of New Mex)
cDepartment of Neurology, University of New Mexico School
dollege of Pharmacy, University of New Mexico, Albuquerqu

ABSTRACT

Background: Clonidine is frequently prescribed to childre
and deaths.

Case Report: A 3.5-year-old male with a history of a seixi
excessive sleeping, agitation when awake, and possible seizure
On presentation, he alternated between poor fesponsivensss an
rate, 65 bpm; respiratory rate, 18 bpm; temperature 99.5°F; ar
cology consult the next day noted a dry mouth, 2-mm pupils
with a diagnostic impression of clonidine overdose. The care
clonidine suspension by a provided syringe. The pharmacy pros
was a 30-day supply but the bottle was empty on day 19, leac
tion in the bottle thus could not be confirmed. The child slowl
drawn approximately 18 hours after his last dose later returne

Case Discusslon: Compounding and liquid dosing errors ai
an accelerated dosing error, but whether a compounding or sus

Conclusion: Particular care should be taken with medicatio
pounded, and are prepared as liquids, where medication error

INTRODUCTION

Clonidine is frequently prescribed to children for a varety of i
ical effects and death. We report a case of a massive overdose i

CASE REPORT

A 19-kilogram, 3.5-year-old male with a history of a seizure dis
pected seizure activity. The primary caretaker reported that

Keywords: clonidine, compounding, medication errors
Notes: There was no outside funding of any kind used for thi
Commesponding author: Steven A. Seifert, MD, ¢/o New Mexico Po
NM 8713 1-0001. Emall: 55eifert@salud.inmm.edu
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The Insiitute for Safe Medication
Practices Canada (ISMP Canada) is an
independent national not-for-profit agency
established for the collection and
analysis of medication emor reports and
the development of recommendations
for the enhancement of patiant safety.
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"New South Wales Poisons

Informatian Centre, The
oral CIO Children's Hospital at
= Westmead, Westmead, New
1000-Fold Compeoundils.: e sz
“Pharmacology, Schoal of
Medical Sciences, The University
ISMP Canada has received 3 reports of chiof Sydney, Sydney, New South
experiencing harm because of errors during preparati Walzrs,;:gi;? School
oral clonidine suspension from clonidine powder. raculty of Medicne and Health,
bulletin provides information about the incicThe University of Sychey,
describes the dangers associated with clonidine over ?i:;’ilw Soush Weles,
and suggests strategies to prevent recurrence of this -

of error. Correspondance to

D Rose Caims, New South
Wales Poisons Information
Cenire, The Children's Haspital
at Westmead, Westmead, NSW
In each of the 3 incidents, a pharmacist working 2145 Austaliz;

comummanity pharmacy vsed clonidine powder (provid rese.caims@health.nsw. cov.au
comainelrs lab-elled_h}'_ weight, in grams) 0 PIePip ot g Augs 2012
suspension for pediatric use. The prescribed dose Reyised 11 October 2018
clonidine ranged from 25 mecg (0.025 mg) to 125 Accepted 76 October 2012
(0.125 mg) In each case, the1te was a mix-up mﬁ;bmg_l';;gﬁ
conversions among grams, milligrams, and microg

and the concentration of the suspensions dispensed

1000 times greater than intended.

Incident Reports

Each child required emergency treatment and admi
to hospital. Two of the children were admitted t
intensive care wait, and one of these required treatms
severe hypotension.

Background

Clonidine is a centrally acting alpha:-adrenergic ag
approved for wse in Canada for the treatmer
hypertension (e.g.. Catapres and generic agents; avai
as 0.1 mg and 0.2 mg tablets).' In addition to its u
treating hypertension, clonidine (Dixarit and ge
agents; available as 0.025 mg tablet) has also
approved for the relief of menopausal flushing in pa
for whom hormone replacement therapy is unsuit:
With the availability of newer and better-studied
hypertensives, however, the use of clonidine has w
over the past couple of decades. With this less frei| M) Check for updates
use of clonidine has come reduced familiarity ‘Livit'l—I

dmg and its dosing. @ Authors) for their
employer(z)) 2019. No
i . ommerdal re-use_ See rights
Clonidine is also uvsed for off-label treatment of 3 and permissions. Published

conditions in the pediatric popula&on.]' In particular. by BML

oﬂe_-n used_ as a first-lime u'eatment_o_puec_l:l for A Er e o— = —
patients with tics.” The use of clonidine in combin| Buckley NA Arch Dis Child
with stimulant medications has been supported by wva 2019:104:287-291.

I < Reports

. Epub 2020 May 7.
Clonidine expos /

d retrospective 5C10nidine Com
Rose Cairns, "% Jared A B Sedati()n in aP

ABSTRACT i
Objective To describe trendsind Alexander F Barbuto 1, Mick
in children under 6. Clonidine has
lar for management of paedia —
Conders Cloniine hos a narow § Affiliations + expand
and towicity can occur with inadver!
Clanidine is not recommended for 1 PMID: 32389431 DOI: 10.1(
6 years.
Deslgn and setting A retrospect
exposures in children under & repor
Wales Poisons Information Centre |
largest poison centre), 2004-2017. AbStra’Ct
with community donidine utilisatio

data from Australian Statistics on N Background' Clonidine is a
2015. Australian trends were comp -

exposure calls to LIS poison centres attention-deficit/hyperactivil
Main outcome measures Trend: . .

dispensing; demographics, dose, ex sedation, bradycardia, and h
source, symptoms, disposition. .

Results There were 802 donidine patients who are unable to t
NSWPIC database, increasing 4.9%

(95% C13.1% to 6.7%, p<0.001),

increased dispensing, r=0.846 {95° Case report: A 12_year_0|d |
0.956, p<0.001). 78.6% were hos|
toxicologists were consulted in 7.2°

risk andfor morbidity. Clonidine wa : .
the patient in at least 27.8%, provi generallzed SEdatlon' brady(

prescibing outside of recommenda ot
19 056 clonidine exposures with 3 82/48 mm Hg). Resuscitatior

20062016 (95% C1 2.2% to 5.39 ha h|s V"tal signs and men[al

Conclusions Clonidine exposures . - .

are increasing, and this trend s not neurologic deficits. His paret
Exposures have a high hospital refe .

morbidity. Caution should ke exerd COMpounding pharmacy; be

donidine, and parent/carer educati . ..
safe storage and increased vigiano fOrMulation. Because his sig

presented to the emergency

clonidine preparation was se
INTRODUCTION concentration was approxim

Clonidine 15 a cenmally acing FNMERGENCY PHYSICIAN BE
adrenergic agomist developed

originally used 25 an anthype toxicity, even if there is no ki

15 seldom used for this indu . )

long been superseded by safe F@spiratory depression, brad

dve options. Clomidine has re .

popularity in pasdiamrics for + Patient and should prompt ¢

behavioural disorders, includin

hyperactivity disorder (ADHD)

disturbances and post-tranmaric
Clomdine has a narrow the

bas the potential to cause ¢ pyhlished by Elsevier Inc.

nervous system (CNS) tomat
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> J Emerg Med. 2020 Jul;59(1):53-55. doi: 10.1016/j.jemermed.2020.04.027.
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Pediatric clonidine poisoning as a result of
pharmacy compounding error,

JEFFREY R. SUCHARD, MD, KIMBERLIE A. GRAEME, MD

INTRODUCTION

QOonidine & @ o-adenergic and imidaroline mospior 2pomist
wsed primarily = an antihypertensive agent. Other indications for
clomiding inchode prophylaxis of migraine headsches | perimen
pansa] flushing, withdrawal from micosineor opisses, Towrese's syn
drome, mnd afention-defic thy peractivity disorder {1-3). Nowhly,
the use of donidine for iis psychissic indicatons anong pedigsc
pafiants s incressing (4). Bemme adult antibyperemsive pepars
tions ofen conein mare clonidine fan ndiced for pafisdc me,
some phanmacies compoand clomdine specially for individual pa
Henis on site, 2 pradice that pmdoces additio nal oppor nity for dos
ing emor. We report two ses of padiasric cloni dine mxicity aosed

by snch pharmacy compounding emom.

CASE1

A Syearald boy with asemion.deficiinperacavity disarder
was heing seawd chronically with megylphenidas and clonidine.
{Om the moming of presen2fion i the emergency depariment (ED),
the patient had compl S ned of 2 sever headache, which was trmied
with scetaminophan and fprofen. The pamnts lser noted e pa
dentto he atoxic, dysanhric, and then lethargic, with an episode of
winay ncontinence. Nocon valsive activity was cbsarved, md ghe
padent had no known access io his sisier's seimome medications. The
pastiant was hrought i the ED, where bis inital visl signs wes =2m
peramme 6 9°F (36.1°C), poke 56'min, mspiratoms 1&min, and
blood pessare 10WV5S mm Hg. The pafent amived profoundly
kdagic with popilk measming 2 mm bilgexlly. He was given
malomone (1.4 mg inravenonsly twice withom notsh e effect. Palma
mary and ahdominal examinasions and the remainder of the cardisc
and newralagic examinations were nnremariable . An el actrocandio
gram revezled sinos bradycardia at 47 beats'min with infrequent
premaioe spraveniicala complexes. Given the history of head
ache followed by lethagy, inracmnial hemarrhage was supeced,
and 3 pediasric newralogist was consabed. A head CT scan, com
pleie hlood count, and hasic medzhalic pane] were within nomal
Timits. Later in the ED, however, thepatient's menta] stains waxed

Froms de Dividon of Besgescy Mediciee, Usiversity of Califoreda
Evise Mo dical Cesnes, Omsge Calforeia (R Sucbast); asd Departmesr
of Mateal Tovedegy, Good Sewasmis Hegaoed Matesl Cester
Pluce v, A sizoea (KA Geaee}

Address for mpeises: kffey B Suwchard, MDD, Division of Emergescy
Mediciee, Usive sy of Calfossn Inviee Matead Cester 101 The Ciry
Dive, Riouge 178, Omge, CA 92868, smal: e bt wd ey

Ky Werds: (o diee ioote iy, ditgg comgpoaseddiog, ssd o afion e

2nd waned: the pafient somatimes was haely arooshle and some-
times wi alen, appropriay answ arin g quesSons.

TFanher history revealed that e patient sook his first dose of 2
new chmidine prescription the night befone preseniagion. The pa
Hent's 0ld pesaipion was 2 paple, gmpe-flavored s yrop dosed at
005 mg (0.5 ml. of 0.1 mg/mL soknion) 2 hedtime The new pre.
scripsion, avmpomnded at 2 local pharmacy, was a red, conbery
flavored synap lebeled i indicate an equivalent nighdly clonidine
dose of 0.05 mg i 2-mL volume. The patient was admited o e
pedizinic miensive care mniton the medicad oxicalogy service. He
reqizd nio o mher pharmacal agic inervention and was discharged
in sahle condison the following day

Comgrehensive wrine drag saeening (osing enzyme-muliiplied
immunoessay technigque, thinlayer chromaingraphy, and gas
chromamgephy.mss specrmcopy [GC-MS]) from 2 specimen
ohtined in the ED showed the presence of acstaminophan and
clomidine. The clonidine concentmtion of e new prescripton was
determined by GC-MS compasrd with 2 sianderd ¢l onidine prepa
rafion of imown concenration (5igma Chemical, 5 Lowis, MO
The clomidine concentmtion was 21686 pg'ml. vemms the drag s
hel that indicated 25 pgfml., an #7-fold dosing emmr. The phar-
maxy comporanding this prescription was aleriad to e amor, and
the pamn s discarded the remainder of fe new hasle.

CASE2

A 10-year-ald boy with obsessive-compulsive disorder and
Tomwrese's syndrome was heing trested by his psychistis with
clonidine (0.1 mg every am_ and 005 mg every pum ), risparidons,
quetmpine, donepezil, and henziropine. He had complained of 2
headache and fhen prsanied with prog s sivesomalence over e
mext 15 days ollowin g arecem refill of kis evening clonidine dose
mrescription. This prescription was compomnded at 2 local phar.
macy by combining immediaie-rdeae and sostsned-release cloni
dine preparations and placing the mixiare widhin gelatin capsules.
The patient’s mother sspected o poemisl dosing eror since e
new capenles were a different color from fhe patiem’s nznal pre-
scripgon. The powder mnizined within the capsales appeared de
same. Om amival at the ED, the padient’s vital signs wene iempera
o F64'F (35.9°C), polse 81 fmin, mspiratons 24/min, and blood
pressure 8645 mmHg. The padant inially sppeasd dmwsy bm
was aromshle and wonld inermisendy soeam and thrash shom
Pupils were small {3 mm), and the face was slighdy pale The re-
mander of the cardiac, polmonary, shdominal, and newralogic ex
ams weare normal insafiaras die patient conl cooperase. The patiem
was trepter] with & 380 inravenons holos of 099% safine, fiol
lowing which his repeatblood pressune was 815 | mmHg sd his
pale dopped o 56/ min. Intravenoas atopne 05 mg was admin

Copyright @ Lippincott Willams & Wilkins Ufdlithorized reproduction of this arficle is prohibited.

dose for behavioural disturbance 1s 24 mcgkg little 15 known about Ausirahan trends in clomdine
(immediate release), and roxicity may occur with  therapeuric errors and poisoning. This smudy sims

BM)

Cairns R, et al_Arch Dis Child 2019;104:287-291. doi- 10.1136/archdischild- 2018-316026
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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 contributesto the under reporting of problems

associated with compounding.



Compounding and Adverse Events ‘

* 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).

e 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.

ISMP Canada Safety Bulletin Volume 22 (5) ¢ April 20, 2022
Watson CJ et al. ) Med Toxicol. 2021 Apr;17(2):197-217.
Isles M. International Journal of Risk & Safety in Medicine 31 (2020) 133-144



Compounding and Therapeutic Failure A

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

e 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

Slmnmdm&_mm@_rﬂﬂlﬂﬂ+
Tacrolimus concentration in the compounded suspension prepared by

the local pharmacy = 0.04 mg/mL= 1/10 of expected concentration

10



c-:" N r = st
Tt CHU Sainte-Justine

CRETS U Al Bl v P o

Thnrecraia:
ek o Tsl

Département de pharmacie - secteur fabrication

Nom du produit - tacrolimus 0.5 mg/ml so fab (F)(G) No produit - 360834
E : 120 ml Stabilite fj“ ]cq.]rljs] e
Cluantité : 3 bout =i D piee

i 5mg
Ingrédient, forme, dosage ! Prograf® 5 mg C té par unité Qté totale
tacrolimus 5mg caps ggmﬁf 12 caps 36 caps
++vehicule pour suspension orale (ORA-PLUS) gﬁ;ﬁfﬁﬂpwwmmm 7 60 ml 180 ml
++sirop simple so U 50, S 60 ml 180 ml
++précautions NIOSH —— 0 0
++magistrale catégorie TROIS OPQ 3 9

Information éfiquette:

Agiter bien.

Conserver 4 la température de la piéce.
Précautions NIOSH requises

Mode de préparation :

PRECAUTIONS NIOSH REQUISES
ATTENTION: STANDARDS DE MANIPULATIONS POUR IMMUNOSUPPRESSEURS SOIT GANTS MASQUE, ETC.

1) Ouvrir et vider les capsules dans un mortier.

2) Mouiller la poudre avec une petite quantité d'Ora-Plus afin de former une pdte homogéne.

3) Ajouter le reste de I'Ora-Plus ainsi gue le sirop simple par dilution géométrigue pour obtenir un mélange homogéne.
4) Bien mélanger.

NOTES:

Poids de 140 mg de poudre au total par capsule (sans I'enveloppe) selon la compagnie.

On peut utiliser une bouteille de verre ou de plastique ambrée.

Stabilité en seringue orale ambrée estimée a 56 jours également a température de la piéce.




The GPFC Mission

* To facilitate market authorization of pediatric drug formulations
in Canada by:

* |dentifying and communicating unmet pediatric formulations needs to key
stakeholders
* Contributing to a favorable clinical and regulatory environment

e 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? A

1. Which drugs are currently compounded for oral
administration in Canadian children and which

&4 PRIORITIES >>

ones are available in US and/or EU as commercial
i
2
3

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

13



Priority List

* 56 “old” drugs regularly compounded
with a median of 35 years on the

Canadian market
e 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

e Tacrolimus: pediatric market share (data
from IQVIA)=1,576,181 TRX units (7% of
total Canadian tacrolimus market)

Litalien C et al. CanJ Hosp Pharm. 2020 Fall;73(4):247-256.
Gilpin A. et al. Paeditr Child Health 2018 Jun-Jul (Suppl 1):e53

=V CEaeTEETT

Spironolactone

acrolimus

Clonidine

Hydro-
chlorothiazide

PPI'

ACE inhibitors?

Aerntedipine

Dexamethasone

Hydroxyurea

Sildenafil

Topiramate

Number of hopitals that
ranked drug as :

Most in need of a

pediatric formulation,
n (%)
N=13

8 (62)

8 (62)

7(54)
6 (46)

6 (46)
4 (31)
4 (31)
4 (31)
4 (31)
4 (31)

4 (31)

Most frequently
compounded,

n (%)
N=13

10 (77)

7 (54)

7(54)
6 (46)

7 (54)
5 (38)
2 (15)
10 (77)
2 (15)
4 (31)

4(31)4

IRRiRARS

1

.



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
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Hospital Pharmacy

Hosp Pharm. 2018 Jun; 53(3): 142-145.
Published online 2018 Apr 19. doi: 10.1177/001857871876¢

March 17, 2019
Michael J. Gaunt, PharmD
Pharmacy Times, March 2019 Respiratory, Volum

Multifactorial Causes of Tacrolimus Errors n u a @ E
Look-Alike Names, Preparation Errors, anc awung tessng cecimss ront Doses ana taue
Compounding Please, no more teaspoon d & siing of errors associated with the higr

rejection in transplantation recipients, pro

Michael R. Cohen' and Judy L. Smetzer!
literature and analyze related events repo

» Author information » Copyright and License information Medication Errors Reporting Program.

The ISMP found that over the past decad(
by a variety of factors.

Abstract

COMMON TYPES AND CAUSES OF ERROI

A recent string of errors associated with tacrolim‘% o SRR vors during the co
prevent rejection in transplant recipients, prompt 19-foid errors when the incorrect capsule
related events reported to the US Food and Drug s substitution of a generic product for a bra
System (FAERS) and the ISMP National Medicatio patients experienced problems with flucty
that tacrolimus has been involved in many report ¢ nruced medication names. 1ISMP has re
caused by a wide variety of factors, the most comi blocker used to treat benign prostatic hyg

coordinator reported 2 incidences in whic

. . s been prescribed tacrolimus 0.5 mg. Tragi
Tacrolimus Availability B L IR secor e Rvgey

the transplanted liver.

Confused medication names. ISMP has re
blocker used to treat benign prostatic hyg

Tacrolimus is commercially available for oral use
capsules (immediate-release PROGRAF and gene i e R

coordinator reported 2 incidences in whic
mg, 1 mg, and 4 mg tablets (extended-release ENY,___ prescribed tacrollmus 0.5 mg. Trapk
~~/m[, 1 mLampuls (Prograf) for intravenous (I the transpianted iiver.

e 1

Confusion when dispensing more than 15
patient’s weight, type of organ transplant,
the available capsule or tablet strengths n

SRV ST PRST SURT SN IRV VORGP . SSORGION SR e 8 aiba

Institute for Safe Medication Practices Canada

’ REPORT MEDICATION INCIDENTS
Online: www.ismp-canada.org/err_index.htm

CANADA Phone: 1-866-544-7672

A KEY PARTNER IN

CMIRPS B3 SCOPM_

) ISMP Canada Safety Bulletin
Tacrolimus Errors Occur

Volume 22 - Issue 1 - January 19, 2022

Anti-Rejection Medications: Analysis of Reported Errors

Patients who have undergone organ transplant
require multiple medications to prevent organ
rejection. Therapeutic management aims to suppress
the immune response that can result in damage or
loss of a transplanted organ while also ensuring there
is a sufficient immune response to be able to fight
infections.' In follow-up to several recent reports of
incidents involving medications used to prevent
organ rejection, a multi-incident analysis was
conducted. The analysis identified system
vulnerabilities, and selected system safeguards to
improve medication safety.

clear that the patient was taking these medications to
prevent rejection of a grafted organ.

QUANTITATIVE FINDINGS

The 2446 incidents reported in the S-year period
were screened against the exclusion criteria, with a
total of 179 incidents retained for the final analysis:
79 incidents from ISMP Canada databases and

100 incidents from the NSIR database.t Figure |
shows the most common medications involved in

Figure 1. Top medications reported in incidents
involving anti-rejection medications

METHODOLOGY

Reports of incidents with anti-rejection medications
were extracted from 3 ISMP Canada reporting
databases (Individual Practitioner Reporting, National
Incident Data Repository for Community Pharmacies,
and Consumer Reporting) and the Canadian Institute
for Health Information’s (CIHI) National System for
Incident Reporting (NSIR) database* for the period
August 2016 to July 2021. The search terms used to
extract the incidents included “transplant™,
“rejection”, “graft”, “host”, “donor”, “recipient”, and
“organ”, as well as the generic and brand names of
medications (immunosuppressants and corticosteroids
for systemic use) prescribed to prevent rejection after
a transplant. Incidents were excluded if it was not

01 447
40

30
20 14.5

0
&
B
g
8
)
v

N
®

Percentage of Reports

mofetil
sodium

Tacrolimus

Mycophenolate
Mycophenolate

Anti-rejection Medication

* The databases are comy of the Canadian Medica Incident Reporting and Prevention System (CMIRPS). More information
about the databases is available from: http//www.cmirps-sedpim.ca/?p=12. NSIR data were provided by the Canadian Institute for
Health Information (CIHI), however, the analyses, conclusion, opinions, and statements expressed herein are those of ISMP Canada

t Itis recognized that it is not possible to infer or project the probability of incidents on the basis of voluntary reporting systems

ISMP Canada Safety Bulletin - www.ismp-canada.org/ISMPCSafetyBulletins.htm 10f6



Stability of the Compounded Formulation

e 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

* 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;

e Concentrations of tacrolimus measured q 7 days from day O 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
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Commercial Capsules versus
Compounded Suspension
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-4-2017-07-24 : AUC 0-12h Extrapolée : 86 ng/mL*h ; 2 mg BID PO
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Tacrolimus Granules for Oral Suspension A

e 2001: First approved in Japan as Prograf® granules
e 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.

e 2018: Approved in US (FDA) as Prograf® granules

PROGRAF s a calcineurin-inhibitorimmunosuppressant 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

e Currently marketed in 32 countries (not in Canada)



Data Supporting Approval of A

Modigraf 0,2 mg Modigraf 1 mg

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



Data Supporting Approval of
Tacrolimus in the USA: FDA

 FDA did not request supplemental studies ‘
* Acceptedthe bioequivalence study previously performed v

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

* No need for a systematic review



Tacrolimus — Cost Comparison
between formulations

. Strength or
Oral Fomuation 8 . Cost per mg
Concentration
0.2mg/sachet $11,12
Granules (Modigraf)
uK? 1 mg/sachet $11,12
Capsules (Prograf) 5mg $1,85
Capsules (Prograf) 5 mg $2.50 It is important to note that
RAMQ? ;
Capsules (Sandoz) 5 me 6189 these are NOT high cost drugs
Compounded
CHUSJ formulation? 0.5mg/mL $4,33

1 Drug tarifs August2022 : granules = 7,13 bp/mg caSpsule=1,19 bp/mg converted to CDN on 17Aug2022

2 Pricefrom latest RAMQ listing date August 2022

Based on the section Tarifs of the Manue! des pharmaciens from the RAMQ, we estimate the cost of a
compounded preparation of tacrolimus 0,5mg/mL to about 130$/60 mL{or 30 mg) or 4,33 $/mg which includes ;

* the active ingredient (6 x 12,508 = 755)

* the excipient (about 4S)

* the preparation under special conditions (43,63S$) (Code de service Catégorie M3 on p. 216 of Manuel des
pharmaciens)

¢ the packaging from the compounding pharmacy (6,055) .
25



Tacrolimus Annual Cost Estimate A

* Hypothetical case: 1 year-old child with hepatic transplant, weighing 10 kg and requiring New price tag put on
0,2 mg/kg/day in two doses = 2 mg/day liver transplants

_ Compounded Commercial The estimated average cost of a liver

transplant in Ontario, including follow-

Formulation Oral suspension 0,5mg/mL Granules for suspension 0,2 mg et 1 up costs, is $121 732, but the range varies
mg sachets widely — from $30 505 to $690 431 —
because of factors such as disease severity,
Preparation/ *  Prepared at the pharmacy *  Prepared by caregiver post-transplant infection and biliary com-
stability *  Requires special equipment *  Diluted in water at the time of plications. The figure is based on 1998
hood) administration darta, with allowances for inflation. N
( The study, conducted by physicians
*  Stability =56 days *  Stability =3 years from the universities of Manitoba and
*  Requires to be vigoursly Toronto and published in the Canadian
shaken Journal of Surgery (2002;45[6]:425-34),
noted that the affordability of organ
Cost/mg 4,335 11,128 transplantation has been questioned but
few data on the cost of liver transplanta-
Annual cost (2mg/d) 3 160S$ 8117S$ tion are available, even though 1 proce-
dure a day — 350 annually — is per-
. ) . ) . ) formed at Canada’s 5 liver transplant
- High cost drugs such as Spinraza™ (intrathecal nusinersen) for spinal amyotrophy in centres. The authors say that performing
children cost 708K$ for the first year and 354K$/year afterwards procedures earlier will reduce costs. As
well, elimination or reduction of the inci-
. . . T . . . dence of cytomegalovirus infection will
- Risk of organ rejection or toxicity is higher with the compounded preparation help cut s by “ifducing drug costs and
) ) ) ) o ) the length of stay in hospital.
- Estimated mean costof hepatic transplantation in Ontario in 2002 was $120K (ranging from$30 a The new price tag is 42% higher than
$690 K) a 1998 estimate by an Ontario working
group, mainly because that group did not
p . . . . . . include some fees and estimated the
« In Quéebec-RAMQ : Interprovincial tarif for costly interventions (As of April 15t2016): hepatic length of hospital stay at only 16 days.
transp|antation =$ 132K The new study found that the mean

length of stay for these patients is 43 days,

. . including 9 days in the intensive care
https://www.cmaj.ca/content/168/2/206.1 unit. — Patrick Sullivan, CMAJ

https://www.ramg.gouv.gc.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 availablein Canada ?

 Per discussion with manufacturer of Prograf (Astellas)

e Market research concluded there was no interest from contacted health
professionals ;

* There was no complaint about the compounded suspension (GPFC’s survey
conductedin 2017 with pediatric hospital pharmacist showed the opposite)

* Due to complexity of market access and lack of interest — no submission to
Health Canada

e 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



Version: 2021 03 25

TACROLIMUS PILOT PROJECT

Aligned drug review process

HEALTH CANADA (HC)

=

HEALTH TECHNOLOGY ASSESSMENT

Pre submission
meeting(s) with HC and
participation of HTA
agencies
(recommended) to
confirm regulatory
pathway

Unofficial meeting
possible

= Pediatric
indication
confirmed

* Not expected at this time
** Negotiate directly with the provinces and omit pCPA

sNDS
Priority review ?
*« 180 days

Direct cost: $204,197

o Safety efficacy,
quality
evidence

o Foreign reviews
(but not foreign
decisions )

o EMA/FDA
clinical
packages have
to be
Canadianized

Cost effectiveness evaluation

>

CADTH

MNew formulation / line
extension - No
assessment required as
per CADTH

Fill out Pre-Submission
Form

INESSS

New pharmaceutical
form of a listed drug

Assessment
by CADTH
may be
requested
by provinces.
Mo cost to

and no delay

manufacturer

Efficacy and safety data from
publications and/or public
data available from FDA/EMA
Pharmacoeconomic analyses
compared to compounding

Checklist 4
+ 120 days
+ Light package |—»

Direct cost: 54,009

REIMBURSEMENT RECOMMENDATION FOR LISTING

RAMQ

*** Work with Quebec, Ontario, Alberta and BC to gain
initial insights on process

Provincial evaluation***

Québec




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

e Does not value the rigorous requirements for a
commercial formulation



What’s Next for Pediatric Formulations A

for Canadian Children ?
e Canada lags behind

e 20 years after Japan, Canada is treating organ transplant in children with a sub-
optimal preparation of tacrolimus

* |s 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.qgc.ca

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