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SUMMARY
Patient ethnicity may influence the pharmacokinetics (PK) of tacrolimus.
Because the Canadian First Nations (FN) constitute a large and increasing
segment of the liver transplant population, we undertook to determine
whether PK differences exist for a once-daily, extended release formulation
of tacrolimus (Advagraf) in FN compared to Caucasian (CAUC) liver
transplant recipients. Following achievement of a steady state with Advagraf, blood samples were drawn at 0, 1, 2, 4, 6, 8 and 24 hours for whole
blood tacrolimus levels by commercial immunoassay and CYP3A4 and
CYP3A5 allele analyses were performed by polymerase chain reactions.
Nineteen subjects participated in the study (7 FN and 12 CAUC). The FN
cohort had significantly higher AUC (214  48 versus 168  25,
P < 0.05), Cmax (16.7  4.4 ng/ml versus 11.3  1.7 ng/ml, P < 0.05),
Cmin (6.1  1.0 ng/ml versus 4.7  0.5 ng/ml, P < 0.05) and shorter
Tmax (1.6  0.2 hours versus 2.8  0.3 hours, P < 0.05) values than
CAUCs. CYP3A4 genotypes were C/C in both cohorts, while the CYP3A5
*1/*3 allele was present in 2/5 FN and 0/9 CAUC. The results of this study
indicate that once-daily, extended release Advagraf results in higher blood
tacrolimus levels and shorter times to Cmax in FN compared to CAUC
liver transplant recipients.

*shared co-first authorships.

Significant Statement: Aside
from no decrease in tacrolimus Cmin
levels, more predictable postconversion Cmin levels and shorter Tmax
times, extended-release tacrolimus PK
in this Indigenous population was largely similar to those of Caucasians
who had undergone previous liver
transplantation
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Introduction
Improvements in the success and long-term survival rates
of organ transplant patients are due in part to the
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availability of therapeutic agents that can effectively suppress immune function and prevent graft vs host disease.
The immunosuppressive regimens commonly used for
transplant patients include immune modulators (e.g.,
ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
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azathioprine or mycophenolate mofetil), corticosteroids,
and calcineurin inhibitors, either cyclosporine or tacrolimus.
Tacrolimus (FK506) (C44H69NO12), which is isolated
from the fermentation broth of Streptomyces
tsukubaensis [1–3], is a 23-membered macrolide lactone
that binds with high affinity to FK binding proteins
inside the cell, effectively inhibiting calcineurin and
downstream transcriptional activation of cytokines crucial for proliferation of T lymphocytes. It also inhibits
insulin release by pancreatic beta cells and increases
peripheral insulin resistance in a concentration-dependent manner, resulting in increased rates of post-transplant diabetes mellitus [4].
Tacrolimus can be administered orally with both immediate-release and extended-release formulations available.
The oral absorption of tacrolimus is limited and subject to
large inter and intra-individual variability [5]. Extendedrelease formulations of tacrolimus are reported to have a
reduced maximum concentration (Cmax) and delayed
time to reach maximal concentrations (Tmax) compared
with the immediate-release form [6]. Thus, theoretically,
by virtue of the lower Cmax concentrations, extended-release tacrolimus may be associated with a lower risk of
transplant recipients developing diabetes mellitus.
Previous studies have documented significant ethnic
differences in the pharmacokinetic (PK) properties of
tacrolimus that could result in over- or under-immunosuppression and altered glucose homeostasis [7–9].
These differences may relate to differences in intestinal
CYP3A (CYP3A4 and CYP3A5) expression or P-glycoprotein activity as no differences are observed when
tacrolimus is administrated intravenously [10]. Indeed,
intestinal CYP3A5 expression, based on the presence of
the CYP3A5*1 allele of the transplant recipient, has
been shown to be an important predictor of tacrolimus
dose after liver transplant [11].
Nonadherence to immunosuppressive treatment is
another factor that contributes to over- or under-immunosuppression and potentially, adverse outcomes for various
transplant populations [12]. Extended-release tacrolimus
formulations limit the risk of nonadherence by virtue of
being administrated once rather than twice daily [7].
There are an estimated 1.2 million Indigenous peoples (largely First Nations, FN) living in Canada. As
with other North American Indigenous populations, a
high prevalence of viral hepatitis, nonalcoholic steatohepatitis, and autoimmune chronic liver disease has
resulted in FN peoples representing an important and
increasing percentage of the liver transplant population
[13]. In addition to being disproportionally represented
Transplant International 2021; 34: 2266–2273
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in the liver transplant population, FN peoples also have
significantly higher rates of diabetes mellitus and nonadherence with prescribed medications [14,15]. These
findings underscore the importance of documenting
tacrolimus PK in this patient population.
The present study was designed to document and
compare the relative PK profiles of a once-daily,
extended-release tacrolimus formulation as well as
CYP3A5*3 and CYP3A4*22 genotype frequencies in FN
and Caucasian (Cauc) liver transplant recipients.

Materials and methods
Patients
Study patients were derived from the Post-Liver Transplant Clinic at the Health Sciences Centre in Winnipeg,
Manitoba. Approximately 175 patients were being followed in the clinic with 10-15% being of FN ethnicity.
Patient ethnicity was based on self-identification.
The following study criteria were employed: Subjects
had to be between the ages of 18 and 70 years, a minimum
of 12 months removed from the transplant procedure, no
acute rejection episodes within the previous 3 months, no
evidence of pretransplant liver disease recurrence and
stable immediate-release tacrolimus dosage during the
previous 3 months. Patients were excluded if they were
smokers, unable to abstain from caffeine or alcohol during
the study period, were receiving macrolide drugs or azole
anti-fungal agents, known to have absorption problems,
unable to take oral medications, had undergone gastric
sleeves or restrictive procedures, and pregnant or unable
or unwilling to provide informed consent.

Pre-study variables
Liver biochemistry and renal function were derived
from the patients’ last clinic visit (within 2-4 weeks of
the study). Liver status was assessed by the results of
liver enzyme (ALT, AST, AP and GGT) and function
tests (total bilirubin, albumin, and INR values) while
plasma creatinine levels and the estimated glomerular
filtration rate (eGFR) were derived from the Modification of Diet in Renal Disease (MDRD) equation with
six variables served to reflect renal function. Patients
were defined as having renal dysfunction if the eGFR
was below 60 ml/min.

Study design
This was a prospective, single-center, open-label study
conducted at the Health Sciences Centre and University
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of Manitoba, Winnipeg, Manitoba, Canada. Sequential
patients seen in the Liver Transplant Follow-up Clinic
between May and September 2018 who fulfilled the
study’s enrollment criteria were invited to participate.
Following informed written consent, FN and Cauc
subjects who had been receiving immediate-release
tacrolimus capsules (Prograf®) for maintenance
immunosuppression were converted to a once-daily,
extended-release formulation (Advagraf®). Conversion
was done on an equal dose basis (i.e., 1 mg/d of immediate-release = 1 mg/d of extended-release tacrolimus).
PK determinations were performed a minimum of seven
days postconversion.
Following establishment of venous access, a baseline
blood sample was obtained. Patients then received their
extended-release tacrolimus (between 8:00 and 9:00 a.m.)
with 200 mL of water (T = 0). Further blood sampling
was obtained at times 0, 1, 2, 4, 6, 8, and 24 hours. In the
initial 14 patients (5 FN and 9 Cauc), the T = 24-hour
sample included an additional 30 ml of blood for CYP3A
allele testing. Following the 8-hour sample, patients were
discharged with instructions to return the next day for
the final 24-hour sample. Concomitant drugs were not
altered during the PK study.
The study was approved and monitored by the Research
Ethics Board committee at the University of Manitoba
and carried out according to the declaration of Helsinki
and its amendments following the principles of good clinical practice. All study subjects provided signed informed
consent and were free to withdraw from the study at any
time.

where Lambda Z is the elimination rate constant estimated by linear regression of the time versus log concentration curves.

Tacrolimus determinations
Tacrolimus levels were measured in whole blood by
UPLC/MSMS in the Department of Clinical Chemistry
at the Health Sciences Centre, Winnipeg, Manitoba. The
assay’s limit of quantitation is 1.0 µg/l, and therapeutic
trough levels in this patient population are 5–10 µg/l.

CYP3A5*3 and CYP3A4*22 genotype determinations
DNA was extracted from blood samples drawn at
T = 24 hrs and Taqman based genotype testing was carried out as previously described [16,17]. Specifically, the
single nucleotide variant at rs776746 was targeted for the
CYP3A5 genotype and rs35599367 for the CYP3A4*22
genotype.

Statistics
All data were expressed as mean  standard error of
the mean (SEM). Potential differences in PK values
between the FN and Cauc patient groups receiving
extended-release tacrolimus including C0, Cmax, Cmin,
AUC0-24, Tmax, CL, and Vd were assessed by either Ttest (for parametric data) or Mann–Whitney U test (for
nonparametric data) using GraphPad Prism, version 6
software (San Diego, CA, USA). Statistical significance
was defined a priori as P < 0.05.

Tacrolimus pharmacokinetics
Whole-blood tacrolimus concentrations were plotted over
a 24-hour period, and the resulting area under the curves
(AUCs) for extended-release tacrolimus were determined
using the linear trapezoidal method. From these individual plasma drug vs time curves, the Cmax, Cmin, and
Tmax values were also obtained. Pharmacokinetic parameters were analyzed using WinNonlin noncompartmental
modeling software. Oral clearance (CL/F) was determined
for each patient using the following equation:
CL=F ¼ Dose=AUC
The volume of distribution was determined using the
following equation:
VzF ¼ Dose=ðLambda Z∗AUCÞ:
2268

Results
The demographic, clinical, and biochemical findings of
the study population are provided in Table 1. There
were no significant differences between the FN and
Cauc cohorts.
Following conversion from immediate- to extendedrelease tacrolimus, Cmin levels did not significantly
decrease and were less variable (-0.1%, 95% CI: -12.3 to
12.1 vs -11.8%, 95% CI: -21.8 to -1.6) in FN compared
with Cauc patients (Fig. 1). Only 1/7 FN had 20% or
more reductions in Cmin levels compared with 5/12
Cauc patients (Fig. 1b).
Individual blood tacrolimus levels measured over the
24-h period following oral dosing of extended-release
tacrolimus are shown in Table 2 and Fig. 2, and the collective PK analysis of the study is provided in Table 3.
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Table 1. Study population.

Age (years)
Sex
Male
Female
Weight (kg)
Height (cm)
Biochemistry
ALT (0–30 U/l)
AST (10–32 U/l)
ALP (30–120 U/l)
GGT (5–38 U/l)
Alb (35–50 G/l)
T-bili (3–18 µmol/l)
INR (0.9–1.1)
Creatinine (44–106 µmol/l)
Pretransplant CLD
HCV
Immune-mediated
Alcohol
NASH
Other
Post-transplant (years)

FN (N = 7)

Caucasian (N = 12)

P Value

47.0  11.8

58.8  14.3

0.09

4
3
99.4  25.2
171.6  18.1

7
4
92.6  12.0
166.0  7.1

0.68
0.54

48.3  45.0
47.1  32.1
113.0  24.1
73.1  45.0
36.1  5.8
20.6  24.1
1.18  0.21
171.6  176.6

33.8  36.1
49.6  73.3
146.9  115.6
144.1  336.6
38.9  6.9
11.0  5.5
1.07  0.25
115.4  37.6

0.51
0.92
0.36
0.50
0.40
0.38
0.35
0.47

4
0
2
0
2
13.1  10.7

2
6
1
1
1
13.4  7.1

0.95

Alb, albumin; ALT, alanine aminotransferase; ALT, alkaline phosphatase; AST, aspartate aminotransferase; CLD, chronic liver
disease; FN, First Nations; GGT, gamma-glutamyl transferase; HCV, hepatitis C virus; INR, International Ratio of Prothrombin
Times; NASH, nonalcoholic steatohepatitis; T-bili, total bilirubin.

Oral clearance and Vd were similar in FN and Cauc
patients. Following normalization for dose, AUC, Cmax,
and Cmin values were also similar in the two cohorts.
However, the time to Tmax was significantly reduced in
FN compared with Cauc patients (1.7  0.5 vs
2.8  1.2 hrs, P < 0.05) (Table 3, Fig. 3).
CYP3A genotyping of the initial patient data set (5
FN and 9 Cauc patients) are provided in Table 4. There
were no known clinically relevant CYP3A4 alleles
detected in any of the patients. With regard to CYP3A5,
there were two patients, both FN, with the *1 / *3 allele
mutation, which is associated with the CYP3A5 expresser phenotype.

Discussion
The present study compared tacrolimus PK profiles in
FN and Cauc liver transplant recipients following
stable conversion to a single daily dose, extended-release tacrolimus formulation. Oral clearance, Vd, AUC,
Cmax, and Cmin values were similar in both cohorts
and within previously reported ranges for transplant
recipients [18,19]. The only differences observed were
Transplant International 2021; 34: 2266–2273
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no significant decrease in tacrolimus Cmin levels, and
less variable Cmin levels following conversion in FN
patients. FN patients also exhibited a shorter time period to achieve Tmax compared with Cauc patients.
Conversion from immediate- to extended-release
tacrolimus is typically performed on a 1:1 mg equivalent
basis [20]. However, significant reductions in Cmin values have been reported in kidney transplant patients
using this formula, albeit not to the extent that dose
adjustments were required [20–23]. Fewer studies have
examined changes in Cmin following conversion to
extended-release tacrolimus in liver transplant patients
[24,25]. In one study reported by Comuzzi et al, no differences in Cmin values were reported in liver transplant
patients [24]. In contrast, in a conversion study involving
28 adult liver transplant patients, Merli et al reported
reductions in Cmin requiring dose adjustment in approximately 40% of patients while 25% had increases in Cmin
requiring dose adjustment [25]. Our findings in FN
patients were more in keeping with the Comuzzi report
while those in Caucs were comparable to Merli et al.
Unfortunately, ethnic-specific results of Cmin variability
were not provided in either of the above two reports.
2269
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Figure 1 Comparison of trough values in FN and Cauc liver transplant patients on twice-daily immediate-release tacrolimus and following conversion to a once-daily extended-release formulation (Panel a). Values represent the mean + SD; * P < 0.05 compared with immediate-release
tacrolimus in same group. Changes in trough values following conversion from twice-daily immediate-release to a once-daily extended-release
tacrolimus (Panel b). Box and whisker plots represent the median change (line in the box), first and third quartile ranges (outer edges of box)
and the minimum and maximum values.

Table 2. Plasma tacrolimus levels in First Nations and Caucasian liver transplant patients taking extended-release
Advagraf.
Sex Race
M
M
M
M
M
M
F
F
F
M
F
M
F
F
F
M
M
M

Caucasian
First Nation
Caucasian
Caucasian
Caucasian
First Nation
First Nation
Caucasian
Caucasian
Caucasian
First Nation
Caucasian
Caucasian
Caucasian
First Nation
Caucasian
First Nation
First Nation

Transplant Year DNA ICF Dose (mg/kg) Hour 0 Hour 1 Hour 2 Hour 4 Hour 6 Hour 8 Hour 24
2011
2001
2009
1995
2007
2003
1987
2000
2001
2013
2010
2009
2012
2002
2016
2002
2015
2017

Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

0.020
0.021
0.016
0.018
0.046
0.036
0.056
0.020
0.059
0.063
0.083
0.045
0.030
0.027
0.044
0.021
0.049
0.027

Regarding the impact of ethnicity on tacrolimus PK,
Mancinelli et al reported that African-Americans (AA)
required higher tacrolimus dosages than Asians or Caucasians [10]. Moreover, bioavailability was significantly
reduced (9.9% versus 19%) and Cmax levels lower in
AA compared with Caucasians. In a study by Jacobson
et al, 144 AA adult renal transplant recipients had consistently lower Cmin levels when compared to 551 nonAAs, despite receiving 60% higher daily doses [8]. In
addition, median tacrolimus concentrations one-week
2270

4.4
3.9
4.2
5
6.4
5.8
9.4
5.1
4.9
6.2
4.6
3
6
5
6.4
5.5
6.5
5.3

5.3
7.1
4.5
5.8
9.5
8.4
16.2
6.7
13.8
6.5
19.5
6.4
9.2
7.8
9.4
7.4
13.3
8.5

12.2
6.8
8.1
6.5
10.3
13.6
14.9
9.4
14.5
7
27.8
14.9
9.1
10.3
23.4
12.6
17.8
8.5

10.6
5.7
7.1
6.6
10.7
12.1
14.8
7.9
14.9
19.3
12.4
7.5
9.4
8.2
16.7
11.4
11.3
7.1

9.9
5.5
5.9
5.5
10.3
10.7
12.5
6.8
10.7
12.8
9.3
5.6
8.5
7.2
14.4
8.2
9.7
7

8
5.4
5.3
5.2
10.4
9.3
11.8
6.9
8.1
12.8
7.8
4.7
7.6
6.6
12.3
7.7
8.6
6.8

4.6
4.1
4
4.4
6
6.3
8.7
4.9
4.5
6.7
4.5
2.9
4.9
4.7
6.4
4.8
5.7
5.1

post-transplant were lower in AAs, despite similar initial
doses. Studies by Grover et al examined twice-daily
tacrolimus PK in 24 Native American renal transplant
patients [26]. These studies found reduced oral clearance in Native Americans, which corresponded to a
lower dose required for immunosuppression when compared to other ethnic populations [27]. However in the
present study, oral clearance of extended-release tacrolimus was similar in FN and Cauc liver transplant
patients. The latter finding, together with similar Vd,
Transplant International 2021; 34: 2266–2273
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Figure 2 Whole-blood tacrolimus concentration versus time following various doses of oral once-daily extended-release tacrolimus in FN (Panel
a) and Cauc (Panel b) liver transplant patients. Those doses with more than one subject represent the mean values and where indicated standard deviation of the mean.

Table 3. Pharmacokinetic analysis of extended-release tacrolimus in First Nations and Caucasian liver transplant
recipients.
AUC0-24hr† (ng*hr/ml) Cmin† (ng/ml) Cmax† (ng/ml) Vd (L/Kg)
Mean  SD 59  23
95% CI
[42–76]
Caucasian (Cauc) Mean  SD 63  20
95% CI
[52–74]

First Nation (FN)

1.77  0.91
[1.1–2.4]
1.84  0.69
[1.5–2.2]

4.23  1.19
[3.4–5.1]
4.15  1.20
[3.5–4.8]

439  175
[309–569]
378  130
[304–452]

CL/F (l/hr)

Tmax (hrs)

11.9  7.4
[13.5–27]
11.4  6.2
[13.9–21]

1.7  0.5*
[1.3–2.1]
2.8  0.5
[2.2–3.4]

*P < 0.05 compared with Cauc based on CI.
†

Values were normalized to dose (mg).

Figure 3 Individual distribution of Tmax values for single-dose
extended-release tacrolimus in FN and Cauc liver transplant patients.

AUCs, Cmax, and Cmin levels suggest dose adjustments
are not required. They also suggest the risk of tacrolimus-related post-transplant diabetes mellitus, which is
concentration dependent, is unlikely to be increased in
FN patients.
Transplant International 2021; 34: 2266–2273
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Although not statistically significant, the FN patients
in this study were approximately 10 years younger than
Caucs. This difference may be relevant in that PK determinations can be age related [28]. However, the impact
of age on PK tends to occur at an older age (beyond
65 years) whereas the mean ages of FN and Cauc
patients in the present study were 47  11.8 and
58.8  14.3 years respectively [29]. Moreover, previous
studies suggest it is not the chronologic age of subjects
that influence PK determinations but rather the size
and status of the individual’s liver and kidneys [30]. In
liver transplant recipients, donor livers are rigorously
assessed for proper size and function and in the present
study, creatinine values in FN and Cauc subjects were
similar at the time the PK studies were performed.
In terms of the CYP3A genotypes, clinically relevant
genetic variations within the CYP3A4 allele are uncommon. Regarding CYP3A5, the majority of the population, both in Caucasian and Asians lack functioning
2271
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Table 4. Genetic mutations in the CYP3 allele from First
Nations and Caucasian liver transplant recipients.

Sample #

Race

CYP3A4
genotype
(rs35599367)

CYP3A5
genotype
(rs776746)

First Nations
Caucasian
Caucasian
Caucasian
First Nations
First Nations
Caucasian
Caucasian
Caucasian
First Nations
First Nations
Caucasian
Caucasian
Caucasian

C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C

*3/*3
*3/*3
*3/*3
*3/*3
*1/*3 (expressor)
*3/*3
*3/*3
*3/*3
*3/*3
*1/*3 (expressor)
*3/*3
*3/*3
*3/*3
*3/*3
*1/*3 is a CYP3A5
expressing
genotype
*3/*3 is a CYP3A5
nonexpressing
genotype

CYP3A5 and approximately 20% carry at least once
copy of the functional CYP3A5*1 allele [31–33].
Although 2 of 7 FN patients in this study were CYP3A5
expressers, the limited number of subjects precluded
any definitive conclusions. Furthermore, CYP3A5 genotype testing was not carried out on the donor and
tacrolimus PK is affected by both recipient CYP3A5 and
donor liver genotype.
There are a number of limitations to this study that
warrant emphasis. First, the number of subjects was
small. Second, as mentioned above, CYP3A5 genotype
testing of donors was not performed. Third, although

thought to share a common ancestry, the extent of
genetic overlap between Canadian FNs and other North
American Indigenous populations is unclear [34]. Thus,
the applicability of these findings to other Indigenous
populations remains to be determined.
In conclusion, the results of this study suggest Canadian FN transplant recipients do not require dose
adjustments when transitioning from immediate- to
extended-release tacrolimus formulations and are not at
increased risk of developing post-transplant diabetes
mellitus or other concentration-dependent tacrolimusinduced adverse effects.
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