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ABSTRACT
Background: Tacrolimus is the most common calcineurin inhibitor given 
to kidney and liver transplant recipients. Prolonged-release once-daily 
tacrolimus (LCPT) is the newest formulation of this drug, but prescribing 
practices for tacrolimus across Canada are unknown.

Objectives: To investigate the use of tacrolimus across Canada, by 
determining coverage for the drug, exploring prescribing practices and 
factors related to decision-making, and identifying management methods 
for patients with rapid metabolism of tacrolimus.

Methods: A mixed-methods, descriptive study using survey-based 
data collection and qualitative interviews was undertaken. The medical 
director and a pharmacist from each adult kidney and liver transplant 
centre in Canada were invited to complete an electronic questionnaire 
consisting of 8 open-ended questions concerning their respective 
transplant programs’ coverage for and use of tacrolimus. Interested 
participants completed a one-on-one virtual follow-up interview to 
explore experiences. 

Results: A total of 28 health care providers participated in the survey, 
of whom 18 completed an interview, achieving representation from 
15 (79%) of 19 kidney transplant programs and 3 (38%) of 8 liver 
transplant programs. Prescribing habits varied, with immediate-release 
tacrolimus (IR-Tac) being the most commonly preferred formulation (due 
to provider experience), followed by extended-release tacrolimus (ER-Tac) 
and LCPT. Most survey respondents (26/28) indicated that their centres 
used LCPT for maintenance but not de novo immunosuppression. The 
most common reason for conversion to LCPT was to reduce tremors or to 
address suspected rapid metabolism; barriers to uptake of LCPT included 
perceived disadvantages related to cost and coverage. 

Conclusions: Prescribing practices for tacrolimus varied across Canada. 
IR-Tac was the most commonly used formulation, followed by ER-Tac. 
LCPT was used primarily in the maintenance phase for people with 
neurotoxicity or rapid metabolism, but there was a lack of consistency in 
how rapid metabolism was defined. 

Keywords: tacrolimus, rapid metabolism, Canada, prolonged-release 
tacrolimus

RÉSUMÉ
Contexte : Le tacrolimus est l’inhibiteur de la calcineurine le plus 
couramment administré aux receveurs de greffes de rein et de foie. Le 
tacrolimus à libération prolongée pris une fois par jour (LCPT) est la 
nouvelle formulation de ce médicament, mais les pratiques en matière 
de prescription au Canada sont inconnues

Objectifs : Étudier l’utilisation du tacrolimus au Canada, en déterminant 
sa présence (ou non) sur les listes de médicaments, en étudiant les 
pratiques en matière de prescription et les facteurs liés à la prise de 
décision et en identifiant les méthodes de gestion pour les patients ayant 
un métabolisme rapide du tacrolimus.

Méthodologie : Une étude descriptive de méthodes mixtes utilisant 
la collecte de données par sondage et des entretiens qualitatifs a été 
réalisée. Le directeur médical et un pharmacien de chaque centre de greffe 
de rein et de foie pour adultes au Canada ont été invités à remplir un 
questionnaire électronique composé de 8 questions ouvertes portant sur la 
présence (ou non) du tacrolimus sur les listes de médicaments dans leurs 
programmes de greffe respectifs et sur son utilisation. Les participants 
intéressés ont ensuite effectué un entretien de suivi virtuel individuel pour 
examiner leurs expériences.

Résultats : Au total, 28 professionnels de la santé ont participé à 
l’enquête, dont 18 ont effectué un entretien, ce qui a permis d’obtenir une 
représentation de 15 (79 %) des 19 programmes de greffe de rein et de 
3 (38 %) des 8 programmes de greffe de foie. Les habitudes en matière 
de prescription étaient variables, mais le tacrolimus à libération immédiate 
(IR-Tac) était la formulation la plus couramment choisie (en raison de 
l’expérience du professionnel de la santé), suivie du tacrolimus à libération 
prolongée (ER-Tac) et du LCPT. La plupart des répondants à l’enquête 
(26/28) ont indiqué que leur centre utilisait le LCPT pour le maintien, mais 
pas pour l’immunosuppression de novo. La raison la plus fréquente pour le 
passage au LCPT visait la réduction des tremblements ou le traitement d’un 
métabolisme rapide suspecté; les obstacles à son adoption comprenaient 
les inconvénients perçus liés au coût et à la couverture.

Conclusions : Les pratiques de prescription du tacrolimus varient au 
Canada. L’IR-Tac était la formulation la plus couramment utilisée, suivi de 
l’ER-Tac. Le LCPT était principalement utilisé pendant la phase de maintien 
pour les personnes présentant des neurotoxicités ou un métabolisme 
rapide. Cependant, la définition du métabolisme rapide était caractérisée 
par son manque de cohérence.

Mots-clés : tacrolimus, métabolisme rapide, Canada, tacrolimus à 
libération prolongée.
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INTRODUCTION

A complex regimen of immunosuppressants is necessary to 
prevent acute rejection of solid organ transplants.1,2 Tacroli-
mus, the most commonly used calcineurin inhibitor, func-
tions by inhibiting T lymphocyte activation.3,4 Although 
tacrolimus is highly efficacious, using it can be challenging. 
This drug has a narrow therapeutic range, so consistent mon-
itoring of serum concentrations is needed to maintain a bal-
ance between efficacy and toxicity.5,6 Although a sufficient 
(i.e., therapeutic) level is needed to decrease the risk of acute 
rejection, adverse effects such as nephrotoxicity, headaches, 
and tremor are associated with higher levels.6 Optimization 
of dosing regimens can be difficult because of wide inter-in-
dividual variability in absorption and low bioavailability.7-10 

Three formulations of tacrolimus are available in 
Canada. Immediate-release tacrolimus (IR-Tac; brand 
name Prograf), which is administered every 12 hours, and 
extended-release tacrolimus (ER-Tac; brand name Adva-
graf), which is administered once daily, have been available 
since 1995 and 2007, respectively.11,12 Both of these formu-
lations exhibit low oral bioavailability and attain similar 
peak concentrations, with potential for elevated peak con-
centrations that could be associated with neurologic adverse 
reactions.12,13 Various factors, such as the patient’s sex, 
age, concomitant medications, and cytochrome P450 3A5 
isozyme (CYP3A5) phenotype, can influence and contrib-
ute to variability in the absorption and metabolism of these 
formulations.8,9,14,15 Once-daily ER-Tac is advantageous 
for reducing pill burden and potentially increasing patient 
adherence, which is important to prevent acute rejection15,16; 
this formulation also has lower 24-hour variability.16,17  

Prolonged-release once-daily tacrolimus (known as 
LCP-tacrolimus or LCPT; brand name Envarsus PA) became 
available in Canada in 2019.18 LCPT was formulated using 
MeltDose technology,19 which reduces the particle size of 
the drug to single molecules, resulting in broader dissolu-
tion in the gut and potentially decreased first-pass metab-
olism.18,20,21 Relative to IR-Tac and ER-Tac, LCPT exhibits 
greater bioavailability and has a steadier concentration- 
versus-time profile from peak to trough concentration.22 This 
lower peak concentration and delayed time to maximum 
concentration may decrease the risk of neurotoxicity (e.g., 
tremor).21 Because similar concentration–time pharmaco
kinetics are observed in patients who express the CYP3A5*1 
allele,23 another potential use of LCPT may be for patients 
who metabolize tacrolimus rapidly. In stable and de novo 
kidney transplant recipients, LCPT has shown evidence 
of non-inferiority to IR-Tac in terms of efficacy (compos-
ite end point consisting of graft loss, death, biopsy-proven 
acute rejection, or loss to follow-up).24-26 Nevertheless, clin-
icians may prefer IR-Tac for reasons of cost, coverage, or 
greater flexibility for dose adjustments in the immediate 
post-transplant period.

Although all formulations of tacrolimus are indicated 
for the prevention of rejection in kidney and liver trans-
plant recipients, much is unknown about their use in Can-
ada. Because each province has its own health care system, 
the cost and coverage of tacrolimus may vary depending 
on location, and current practices remain unexplored. Pre-
scriber experiences with LCPT in other countries have been 
described,20,22,26,27 and pivotal trials establishing efficacy 
were conducted in the United States using ER-Tac as the 
comparator.24-26 Anecdotal reports indicate that some practi-
tioners prefer LCPT for patients with rapid metabolism of the 
drug (so-called “rapid metabolizers”), but there is a dearth 
of literature regarding how programs identify such patients. 
Rapid metabolizers (patients with polymorphisms in the 
CYP3A5 system) may require higher doses of IR-Tac20,24,25 to 
prevent the risk of organ rejection,16 but there is no consensus 
definition or published literature on this topic. 

Our purpose here was to investigate the use of tacro-
limus across Canada. We sought to understand coverage 
for this drug across the country and to explore prescrib-
ing practices and factors related to decision-making about 
tacrolimus. We also investigated why centres choose LCPT 
for transplant patients and how they define and manage 
patients who rapidly metabolize tacrolimus. 

METHODS 

The study received ethics approval from the University of Sas-
katchewan Behavioural Research Ethics Board (Beh# 3897). 

An internet search of provincial formularies in Febru-
ary 2023 was used to determine the coverage of tacrolimus 
(Prograf, Advagraf, Envarsus PA, generics) in each juris-
diction, later confirmed by interview. A list of Canadian 
transplant programs was supplied by Canadian Blood Ser-
vices. ER-Tac and LCPT are indicated only for adult kid-
ney and liver transplant recipients, so programs for other 
organs were excluded. A study invitation was sent by email 
to the medical director and a pharmacist from each centre, 
inviting them to participate or to pass the invitation to a 
colleague who could speak to the use of tacrolimus within 
their centre. In cases of nonresponse, another individual 
(e.g., nephrologist or hepatologist) identified through the 
program’s website or the Canadian Society of Transplant-
ation was invited.

The first part of the study was an electronic question-
naire (Research Electronic Data Capture [REDCap]), which 
consisted of 8 questions about the program’s provincial and 
in-centre coverage for and use of tacrolimus. The questions 
were pilot-tested with a pharmacist who was not involved 
in the study. A one-on-one virtual interview was scheduled 
for participants who were interested in providing more 
in-depth information. 

The semistructured interview guide was developed by 
a researcher/pharmacist (H.M.), a transplant pharmacist 
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(C.B.), a transplant nephrologist (M.K.S.), and a research 
student (V.P.). The primary investigator (H.M., the 
researcher/pharmacist) and the research student (V.P.) had 
no experience with LCPT use, and the student (who con-
ducted the interviews) had no prior relationships with the 
participants. The interviews, which were conducted virtu-
ally (Zoom videoconference application) or by telephone, 
consisted of open-ended questions regarding use, mainten-
ance, and administration of tacrolimus, as well as de novo 
and maintenance experience with using LCPT. Responses 
were transcribed verbatim by the Canadian Hub for 
Applied and Social Research at the University of Saskatch-
ewan. Participants were given the opportunity to review 
and edit their transcripts and the draft manuscript. A $75 
honorarium was offered to each participant.

Data Analysis
The transcripts were analyzed by 2 of the authors (H.M., 
V.P.) using qualitative content analysis28 in Dedoose quali-
tative software. A code book was developed based on topics 
from the interview guide, and deductive descriptive cod-
ing was used to code participant responses. More specif-
ically, the transcripts were reviewed line by line, sentences 
or meaning units were coded, and the information was 
organized into categories. Given that the aim was to apply 
categorization only as needed to organize ideas, the cat-
egories coincided with topics in the interview guide. These 
included administration and monitoring practices with tac-
rolimus, frequency of and interest in LCPT use, LCPT use 
for maintenance immunosuppression, LCPT in the de novo 
transplant setting, perceived advantages and disadvantages 
of LCPT, and rapid metabolizers. 

Descriptive statistics are presented for the quantita-
tive data.

RESULTS

Study Participants
Twenty-seven adult transplant centres were identified in 
Canada: 19 for kidney transplant and 8 for liver transplant. 
Participants were recruited from February to June 2023. 
Of the 58 pharmacists, nephrologists, and hepatologists 
invited to participate, 28 (48%) returned completed sur-
veys. Eighteen of those who submitted a survey response 
participated in a subsequent virtual or telephone interview. 
We achieved representation from 15 (79%) of the 19 kidney 
transplant programs and 3 (38%) of the 8 liver transplant 
programs (Table 1, Table 2). 

Provincial Coverage of Tacrolimus Formulations 
All of the provinces provided drug formulary cover-
age for all formulations of tacrolimus, but the criteria for 
approval of LCPT varied. For example, one participant 
noted that “Advagraf, Prograf, Envarsus, mycophenolate, 

and sirolimus are covered by the specialized high-cost drug 
program. Envarsus still has the restriction ‘access to stable 
kidney or liver graft function for intolerance or unable to 
maintain target level’.” With respect to IR-Tac, all but 2 of 
the provinces covered generic formulations; the exceptions 
used the brand-name product. Survey results indicated 
variation in in-hospital coverage for LCPT. 

Tacrolimus Use across Canada
A variety of prescribing practices for tacrolimus were noted. 
IR-Tac (Prograf or generics) was the most common first-line 
formulation, with centres in 5 provinces (British Columbia, 
Alberta, Saskatchewan, Quebec, and Nova Scotia) using it 
for both liver and kidney recipients. However, the Northern 
Alberta Renal Program used ER-Tac for renal transplant 
recipients. Although most centres covered generic IR-Tac, 
some had access to and coverage for brand-name formula-
tions for use in specific circumstances. Industry-sponsored 
discount programs were often used to access brand-name 
IR-Tac in provinces where generics were preferred. All kid-
ney transplant centres in Ontario used ER-Tac as their first-
line agent for de novo transplant recipients, with 2 centres 
(in Kingston and London) indicating that they were start-
ing to use LCPT as their standard therapy. The Manitoba 
centre indicated that they used LCPT for de novo renal 
transplant recipients. 

Administration and Monitoring Practices 
with Tacrolimus
Administration and monitoring practices are presented 
in Table 3. According to the product monograph,18 LCPT 
should be taken at least 1 hour before or 2 hours after a meal, 
and high-fat meals should be avoided. (Patients converting 
from immediate-release tacrolimus formulations who rou-
tinely took their medication with meals should continue to 
do so.) Three participants recommended to patients that all 
formulations of tacrolimus be taken on an empty stomach 
or spaced out at specific intervals in relation to meals to 
avoid fluctuations in serum levels and potential issues with 
absorption. One participant reported making this recom-
mendation for LCPT but not for IR-Tac or ER-Tac. Others 
agreed that consistency on the part of patients (once dis-
charged) was most important. 

Frequency of and Interest in LCPT Use
Most survey respondents (26/28) indicated that they used 
LCPT in the outpatient setting for maintenance immuno-
suppression. All but one of the interview participants 
estimated using LCPT for fewer than 100 patients; the 
remaining centre had 200 to 250 patients who were receiv-
ing maintenance LCPT. De novo LCPT use was minimal, 
with only 6 transplant centres reporting use in this setting. 
Most of these 6 centres reported having up to 10 patients on 
de novo LCPT, with one centre estimating 100–150 patients. 
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TABLE 1. Transplant Centres Performing Adult Kidney or Liver Transplants in Canada and Responses

Province,a City, and Program

Response to Survey No. of Transplants in 2023b

Organ Kidney Liver Kidney Liver

British Columbia 	 327 	 107
Vancouver: St Paul’s Hospital Kidney √ NA
Vancouver: Vancouver General Hospital Kidney, liver √ √

Alberta 	 216 	 85
Calgary: Southern Alberta Renal Program Kidney √ NA
Edmonton: Northern Alberta Renal Program Kidney, liver √ √

Saskatchewan 	 47 NA
Saskatoon: St Paul’s Hospital Kidney √ NA

Manitoba 	 78 NA
Winnipeg: Health Sciences Centre Kidney √ NA

Ontario 	 761 	 267
London: London Health Sciences Centre Kidney, liver √ X
Hamilton: St Joseph’s Healthcare Hamilton Kidney √ NA
Toronto: St Michael’s Hospital Kidney √ NA
Toronto: Toronto General Hospital Kidney, liver √ X
Kingston: Kingston General Hospital Kidney √ NA
Ottawa: The Ottawa Hospital Kidney √ NA

Quebec 	 387 	 112
Montréal: Centre hospitalier de l’Université de Montréal, Notre-Dame Kidney, liver √ X
Montréal: Hôpital Maisonneuve-Rosemont Kidney X NA
Montréal: Centre hospitalier universitaire Sainte-Justine Kidney, liver X X
Montréal: Royal Victoria Hospital Kidney, liver X X
Sherbrooke: Centre hospitalier universitaire de Sherbrooke Kidney √ NA
Quebec City: Centre hospitalier universitaire de Québec Kidney X NA

Nova Scotia 	 112 	 23
Halifax: Queen Elizabeth II Health Sciences Centre Kidney, liver √ √

NA = not applicable.
aNewfoundland and Labrador, New Brunswick, Prince Edward Island, Yukon, Northwest Territories, and Nunavut are served by regional centres in other 
provinces; as such, data for these jurisdictions are not available and they are therefore not shown in this table.
bData from the Canadian Institute for Health Information,29 reported at the provincial level (not by individual institution).

Some participants indicated relatively more interest in 
incorporating LCPT into their practice (n = 3/4). One par-
ticipant, who had less than 5 years of experience, said, “I do 
think from the papers I have reviewed that we could be 
having some benefit from using Envarsus instead.” In con-
trast, others expressed relatively less interest. For example, 
one participant, who had more than 15 years of experience, 
stated, “We don’t have that much experience with it. And if 
things are going fine right now for our patients, we don’t feel 
like it is a big problem.”

LCPT Use for Maintenance Immunosuppression
Most participants perceived LCPT to be an appropriate 
alternative when another formulation yielded suboptimal 
management. The most common reasons for conversion 
from IR-Tac or ER-Tac to LCPT were to minimize tremors or 
other neurologic adverse effects (e.g., headaches). One par-
ticipant said, “I think there seems to be, at our program, a 

deeper conviction that Envarsus might address tremors more 
than Advagraf. It seems like an obvious reason to switch for 
tremor.” Prescribers perceived this strategy as a “hit or miss” 
approach, with some but not all patients experiencing reso-
lution of the adverse effect. Participants also indicated that 
LCPT was used as an alternative when patients could not 
reach a stable trough tacrolimus blood level with “fairly high 
daily doses” of other formulations (Table 4).

The most common reasons cited for not using LCPT 
for maintenance immunosuppression were prescriber pref-
erence and a perceived lack of compelling evidence and 
experience. Other concerns, such as potential drug errors, 
were also mentioned. For example, one participant said, 
“We’re transplanting more complex patients, more elderly 
patients; a lot of patients that have diabetes as well. So, they 
have retinopathy and other complications and they’re unable 
to tell the difference between the tablets. ... The tablets look 
alike and they’re all white and they’re very similar in size.” 
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LCPT in the De Novo Transplant Setting 
Suspected rapid metabolism of tacrolimus (such as occurs 
frequently among African Canadians), prescriber prefer-
ence, and cost were the most commonly cited reasons for 
using de novo LCPT. One participant said, “If prescribers 
perceive cost–benefit to be an issue for the patient, espe-
cially if they’re paying cash or if they have some kind of 
co-​payment”, then de novo use of LCPT would be con-
sidered. Conversely, others indicated cost as a barrier to 
prescribing LCPT for new (kidney and liver) transplant 
recipients due to a lack of hospital formulary coverage or 
coverage restrictions. Perceived lack of evidence and/or 
experience were other reasons for limited use. Another par-
ticipant said, “[we] haven’t found, at this point, a compelling 
reason to make a switch, with regards to clinical efficacy, 
as well as other logistic, financial, or patient preference–
related motivations”. Additionally, 5 prescribers indicated 
that de novo LCPT was not used due to the lack of flexibility 
in dose adjustments and serum tacrolimus levels (in con-
trast to the situation for IR-Tac, which allows for quicker 
and more flexible dose adjustments). For example, one par-
ticipant said, “in terms of dose titration, once daily is a little 
bit more challenging. … By the time you get your level, the 
next time you can intervene is the next day.”

Perceived Advantages and Disadvantages of LCPT
The most commonly mentioned advantages of LCPT were 
related to the perceived resolution of peak-related neuro-
toxicity adverse effects such as tremors (largely) and head-
aches and potential benefit in patients with suspected rapid 
metabolism. Many participants noted the lower doses 

TABLE 2. Demographic Characteristics of Participants

Study Component; No. (%) of Participants

Characteristic
Survey Responses

(n = 28)
Interview Responses

(n = 18)

Profession
Physician 	 13	 (46) 	 6	 (33)
Pharmacist 	 15	 (54) 	 12	 (67)

Province of residence
Alberta 	 4	 (14) 	 3	 (17)
British Columbia 	 6	 (21) 	 3	 (17)
Manitoba 	 3	 (11) 	 1	 (6)
Nova Scotia 	 1	 (4) 	 1	 (6)
Ontario 	 9	 (32) 	 6	 (33)
Quebec 	 3	 (11) 	 2	 (11)
Saskatchewan 	 2	 (7) 	 2	 (11)

Years of experience Not collected
≤ 5 – 	 4	 (22)
6–15 – 	 5	 (28)
> 15 – 	 9	 (50)

required to achieve therapeutic concentrations. Addition-
ally, one participant mentioned, “I think their level stabil-
izes a lot more compared to somebody on Prograf where 
some days they can be under therapeutic or over thera-
peutic. But I have seen the stability of their levels instantly 
better with Envarsus”. 

Concerns related to titration were cited as a disadvan-
tage. Participants noted that because LCPT is a long-​acting 
agent, dose adjustments cannot be made quickly, and deter-
mining the correct tacrolimus dose can become difficult. 
Lack of experience, lack of evidence, and the potential for 
drug errors were also discussed. Specifically, the tablet 
strengths of LCPT (0.75 mg, 1 mg, 4 mg) differ from those 
of Prograf and Advagraf, and all tablets are white with some 
variation in size. An additional barrier was that some hos-
pital formularies do not include LCPT. 

Rapid Metabolism 
Various definitions of rapid metabolism of tacrolimus were 
provided by participants. Most participants suspected a 
patient of having rapid metabolism if they were unable to 
achieve therapeutic tacrolimus levels with “high doses” 
of the drug, but there was no consensus on the threshold 
defining a high dose. Some participants considered rapid 
metabolism to be present when patients surpassed a total 
daily dose of more than 15–20 mg. One participant stated 
that they used the ratio of trough concentration to total 
dose to identify patients with rapid metabolism. Partici-
pants from 2 other centres specifically identified patients 
with rapid metabolism using pharmacogenetic testing (and 
one of these reported using this method regularly). 

DISCUSSION

Our study provides insight on the use of tacrolimus in kid-
ney and liver transplantation across Canada. Overall, the 
most commonly prescribed formulation was IR-Tac, fol-
lowed by ER-Tac. Although most provinces covered generic 
IR-Tac, some centres indicated that they accessed Prograf 
using patient support programs, which suggests a prefer-
ence for the brand-name formulation. With respect to mon-
itoring practices in hospital, 89% of participants reported 
that their centres monitored tacrolimus daily, and 61% 
reported making daily adjustments, even though steady 
state is not generally reached for at least 2–3 days30 or longer 
with LCPT.18  

Compared with the other formulations, LCPT was not 
used as commonly throughout Canada, with only 6 centres 
describing use of this agent in de novo transplant recipients. 
LCPT can reach therapeutic concentrations in the immedi-
ate post-transplant period and has about 30% greater rela-
tive bioavailability and lower peak-to-trough fluctuation 
compared with ER-Tac21,22,31; nonetheless, titration chal-
lenges were voiced as a concern. Interestingly, a previous 
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study reported greater time in the therapeutic range with 
de novo LCPT relative to both IR-Tac and ER-Tac,32 which 
has been associated with less acute rejection.33 

Use-limiting provincial criteria or lack of coverage on 
the hospital formulary also hindered de novo use of LCPT, 
even though lower LCPT doses compared with IR-Tac 

TABLE 3. Administration and Monitoring Practices with Tacrolimus

Interview Question and Response Options

No. (%) of 
Respondents

(n = 18)a

Monitoring

How often is tacrolimus level measured in hospital?
Daily 	 16	 (89)
At postoperative day 3 and daily thereafter 	 2	 (11)

How often do you adjust tacrolimus doses in the hospital?
Daily 	 11	 (61)
Every 1–2 days 	 2	 (11)
Every 1–3 days 	 1	 (6)
Every 2–3 days 	 1	 (6)
Unknown 	 3	 (17)

How often do you measure tacrolimus levels after switching 
to LCPT from another formulation?

2–3 days after switch, then every 1–2 weeks 	 5	 (28)
2–3 times per week until stable and then monthly 	 1	 (6)
Weekly until stable 	 7	 (39)
Every 7–10 days 	 1	 (6)
Unknown or not using LCPT 	 4	 (22)

How many trough levels are required to be measured until the 
patient receives a stable dose? 

1 or 2 	 2	 (11)
2 	 4	 (22)
2 or 3 	 4	 (22)
3 	 2	 (11)
3 or 4 	 1	 (6)
Unknown or not using LCPT 	 5	 (28)

Conversion

When converting to LCPT, what dose do you use?
40%–60% of current tacrolimus dose 	 1	 (6)
60%–70% of current dose 	 2	 (11)
70% of current dose 	 4	 (22)
70%–80% of current dose 	 4	 (22)
Unknown or not using LCPT 	 7	 (39)

Initial dose

At what daily dose do you initiate tacrolimus? IR-Tacb

(n = 18)
ER-Tacb

(n = 18)
LCPT

(n = 7)

0.1 mg/kg 	 3	 (17) 0.1 mg/kg 	1	 (6) 0.1 mg/kg 	 1	(14)
0.125 mg/kg 	 1	 (6) 0.125 mg/kg 	1	 (6) 0.17 mg/kg 	 1	(14)

4 mg 	 1	 (6) 0.15 mg/kg 	5	 (28) 4–5 mg 	 1	(14)
6 mg 	 2	 (11) 4–5 mg 	1	 (6) 7 mg 	 1	(14)

Unknown/ unclear 	 7	 (39) Unknown 	3	 (17) Unknown 	 3	(43)

ER-Tac = extended-release tacrolimus, IR-Tac = immediate-release tacrolimus, LCPT = prolonged-release once-daily tacrolimus.
aExcept where indicated otherwise.
bPercentages are calculated in relation to the number of participants who reported using the particular drug, but do not sum to 100% because some 
participants chose more than one response option and others did not respond to the question. Inconsistencies in reporting format may be present because this 
table summarizes data gathered from open-ended interviews.
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(–30%) and ER-Tac (–36%) would theoretically be less 
expensive.21 While some participants perceived cost to be 
a barrier to LCPT use, others perceived cost to be advanta-
geous, which likely reflects provincial variation in tacroli-
mus coverage. 

Some participants voiced concern about the lack of 
evidence supporting the benefit of LCPT over other formu-
lations. Although the current literature consists primarily 
of non-inferiority studies,24-27 clinical trials aiming to show 
superiority are unlikely, as very large sample sizes would 
be required. We suggest that transplant programs collabor-
ate to combine observational data and explore the potential 
implications of the lower tacrolimus peak-to-trough ratio 
observed with LCPT.22 For example, in a recent study of 

105 liver transplant recipients, those randomly assigned to 
receive LCPT had a significantly lower prevalence, relative 
to those who received ER-Tac, of a composite end point of 
post-transplant diabetes, new-onset hypertension, and/or 
chronic kidney disease.34 

LCPT was considered a reasonable formulation to use 
for suspected rapid metabolizers, but there was no consen-
sus on the definition of “rapid metabolism”. Most partici-
pants defined such individuals as those who did not achieve 
therapeutic levels of tacrolimus despite a consistently high 
daily dose of the drug. As defined in the literature,35 a rapid 
metabolizer of tacrolimus is an individual carrying 2 func-
tional CYP3A5 alleles. Pharmacogenetic testing before initi-
ation of tacrolimus could be beneficial in reducing the risk 
of drug overexposure, but the economic feasibility of rou-
tine testing remains questionable.36 One participant indi-
cated that pharmacogenetic testing was routinely employed 
at their centre, but most perceived testing to be of no clin-
ical benefit. The ratio of predose concentration to daily 
dose (C0/D) for tacrolimus has been proposed as a prog-
nostic marker for poor outcomes, including the develop-
ment of nephrotoxicity related to calcineurin inhibitors 
or BK virus nephropathy.37 Furthermore, the tacrolimus 
C0/D ratio was considered a simple and inexpensive tool to 
categorize patients according to the following definitions: 
< 1.05 ng/mL/mg, fast metabolizers; 1.05–1.54 ng/mL/mg, 
intermediate metabolizers; and ≥ 1.55 ng/mL/mg, slow 
metabolizers.38 A national consensus on how to identify 
rapid metabolizers could be beneficial for designing clin-
ical trials and pooling single-centre data to examine clinical 
end points with LCPT use. 

The limitations of this study deserve consideration. We 
attempted to interview a health care provider from each 
transplant centre in Canada, but were unable to achieve rep-
resentation from 4 centres in Quebec. Our survey was dis-
tributed in English, which may have been a limiting factor in 
this regard. Caution should be used when interpreting data 
from the perspective of liver transplant programs, given that 
we were able to interview participants from only 3 centres. 
Because qualitative feedback provides the opportunity to 
obtain additional context,39 we conducted interviews with 
health care providers in addition to collecting survey data. 
In most cases, we spoke to only one individual from each site. 
Although we asked participants to comment from the per-
spectives of their colleagues and other programs, as well as 
their own, this limitation should be acknowledged. Finally, 
the study was funded by a grant from Paladin Pharma Inc, 
which distributes Envarsus PA in Canada, and the authors 
have collectively participated on advisory boards and/or 
given presentations for Paladin, Astellas, Astra Zeneca, and 
Takeda. Nonetheless, this was an investigator-initiated study, 
and therefore the development of methods, interpretation of 
findings, and writing of this manuscript were performed 
exclusively by the authors, without outside influence. The 

TABLE 4. Reasons for Using and Not Using LCPT, as 
Reported by Interview Participants

Reason No. (%)

For maintenance 

Reason for using n = 18
Tremors  	 15	 (83)
Suspected rapid metabolism  	 10	(56)
Other neurologic adverse effects 	 9	 (50)
Prescriber preference  	 3	 (17)
Adherence  	 2	 (11)
More consistent calcineurin inhibition  	 1	 (6)
Labile trough levels  	 1	 (6)
Other adverse effects: hair loss  	 1	 (6)
Cost  	 1	 (6)

Reason for not using n = 18
Prescriber preference  	 2	 (11)
Concern for drug errors 	 3	 (17)
Patient stable on other formulation  	 1	 (6)
Lack of experience 	 2	 (11)
Lack of evidence 	 1	 (6)

For de novo use

Reason for using n = 7
Rapid metabolism 	 3	 (43)
Patients receiving ATG induction  	 1	 (14)
Prescriber preference  	 4	 (57)
No concern with TTW 	 1	 (14)
Standard practice  	 3	 (43)
Part of study  	 1	 (14)

Reason for not using n = 11
Dose adjustment is more flexible with IR-Tac 	 5	 (45)
Lack of evidence/compelling reason 	 3	 (27)
Lack of experience  	 2	 (18)
Cost (coverage)  	 5	 (45)
Standard care with another formulation  	 3	 (27)
Prescriber preference  	 1	 (9)

ATG = anti-thymocyte globulin, IR-Tac = immediate-release tacrolimus, 
LCPT = prolonged-release once-daily tacrolimus, TTW = time to 
therapeutic window.
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primary investigator and research student who conducted 
the data collection and analysis had no clinical experience 
with using LCPT, and the transcripts and draft manuscript 
were provided to the participants for review, to ensure the 
trustworthiness of the data. 

CONCLUSION

Cost, coverage, and prescribing practices for tacrolimus 
varied across Canada. IR-Tac was the most commonly used 
formulation, followed by ER-Tac. LCPT was used primarily 
in the maintenance phase for people with neurotoxicity or 
rapid metabolism, but there was no consistency in how the 
latter was defined. A national consensus on identifying rapid 
metabolism could be beneficial for designing clinical trials 
and pooling single-centre data to examine clinical end points 
with LCPT use. 
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