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Abstract

Background: Currently there are three available formulations of tacrolimus in the United
States; these include immediate-release capsules (TAC-IR), extended-release capsules (TAC-XL),
and extended-release tablets (TAC-XR). Previous studies have demonstrated non-inferiority
between the three formulations in terms of efficacy. The purpose of this study was to compare
three formulations of tacrolimus (TAC) and assess differences in time within the therapeutic range
(TTR) and variability in levels.

Results: Renal transplant recipients from January 2013 to October 2017 were retrospectively
identified for analysis. Deviation from standard TAC protocol or formulation changes excluded
patients. The primary outcome compared percent TTR (TTR %) among 3 TAC formulations over
the first 90 days post-transplant. TTR was calculated using the Rosendaal method. Secondary
outcomes included differences in TAC levels, TAC dose, eGFR, rejection, patient and graft survival
between the TAC formulations. TAC-XR demonstrated a significantly higher TTR % compared to
TAC-IR and TAC-XL (62.8% vs. 53.3% vs. 60.9%, p = 0.048). In post-hoc analysis, TAC-XR had a
higher TTR % compared to TAC-IR (p = 0.065), which approached statistical significance. Average
TAC levels, weight-normalized TAC doses, median dose-normalized TAC levels, rejection rates,
eGFR, and graft or patient survival were similar among groups.

Conclusion: In the early transplant period, TTR was significantly different among the groups.
TAC-XR demonstrated numerically superior time within the therapeutic range. Patient-specific
factors such as race, obesity, genetic polymorphisms may impact this variability and clinical
outcomes. Further analysis is necessary to understand the effect of each patient-specific factor
on TAC exposure.
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Introduction

Tacrolimus is considered a narrow therapeutic index
drug due to its pharmacokinetic profile, thus requiring
intensive therapeutic drug monitoring. Currently, there are
three available formulations of tacrolimus in the United
States; these include immediate-release capsules (Prograf,
Astellas Pharma, Northbrook, IL, USA; [TAC-IR]), extended-
release capsules (Astagraf XL, Astellas Pharma, Northbrook,
IL, USA; [TAC-XL]), and extended-release tablets (Envarsus
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XR, Veloxis Pharmaceuticals, Edison, NJ, USA; [TAC-XR]). TAC
XR utilizes MeltDose® technology to create tacrolimus tablets
that allow for a slow release of the drug throughout the day
with a unique pharmacokinetic profile that has a significantly
lower peak [1-3]. Previous studies have demonstrated non-
inferiority among the three formulations in terms of efficacy.
Comparisons of the three formulations have shown variability
intime to peak concentrations as well as dose requirements to
achieve similar trough levels and exposure [2,4-7]. Although
TAC-XL and TAC-XR are both once-daily formulations, there
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are key differences in their pharmacokinetics that influence
dosing requirements. Tremblay, et al. conducted a study
comparing the pharmacokinetic profile of TAC-XR with TAC-
IR and TAC-XL and their findings showed a significantly
higher exposure on a per milligram basis with TAC-XR [7].
This may in part be due to the MeltDose® technology that
enhances the oral bioavailability and controls the release of
the drug.

Since cytochrome P3A5 (CYP3AS5) is a dominant enzyme
in the metabolism of tacrolimus, polymorphisms influencing
the expression of this enzyme drastically alter tacrolimus
clearance [8]. Previous studies show that individuals that are
CYP3AS5 expressers (extensive or intermediate metabolizers)
have lower dose-adjusted trough blood concentrations
compared with CYP3A5 non-expressers (poor metabolizers).
CYP3AS5 expressers often require higher doses of tacrolimus
to achieve therapeutic levels and therefore are potentially
at risk for peak-related toxicities [8-10]. Some neurotoxicity
side effects are mitigated with TAC-XR as a result of the
lower and delayed peak concentration [3,7]. High tacrolimus
clearance is also an established risk factor for acute rejection
in the early phase after renal transplantation [11,12]. Given
its unique pharmacokinetic profile, this formulation has
also been shown to decrease intra-day fluctuation. Lower
tacrolimus exposure and decreased time within a therapeutic
range which can be seen in some cases of intra-day fluctuation
have been associated with increased risk for development of
de novo donor-specific antibodies (DSA) and acute rejection
[7,13,14]. As recently demonstrated by Lichvar, et al., early
reduction in DSAs was associated with improved death-
censored graft survival in both early and late antibody-
mediated rejection [15].

It is well established that sub-therapeutic tacrolimus
levels and decreased overall exposure are associated with a
higher risk of rejection [11,16-20]. It is imperative to assess
differences regarding the time within therapeutic range
amongst the three available tacrolimus formulations and
the impact on clinical outcomes. Therefore, the purpose of
this study is to compare time within the therapeutic range
amongst the three available tacrolimus formulations and
the correlation to clinical outcomes, especially early acute
rejection within the first 90 days. Our hypothesis is that
given its unique pharmacokinetic properties and lower intra-
day fluctuation, TAC-XR has a higher percent time within
the therapeutic range (TTR %) compared to the other TAC
formulations in the early post-transplant period.

Materials and methods

This was a single-center study at a large academic medical
center in a metropolitan area. Prior to the commencement
of this study, the University of Illinois Hospital and Health
Sciences System Institutional Review Board approved this
retrospective review.
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All adultrenal transplantation recipients between January
2013 to October 2017 were assessed for study inclusion.
Patients with planned tacrolimus goals different from
standard institutional protocol and multi-organ transplants
were excluded. The patients were grouped by tacrolimus
formulation.

Demographic data and variables such as tacrolimus
levels, tacrolimus doses, graft function, patient and graft
survival, and episodes of rejection were collected via chart
review. Based on institutional protocol, all high immunologic
risk renal transplant recipients (defined as Black race, panel
reactive antibody (PRA) > 10%, or re-transplant) received
anti-thymocyte globulin (dosed as 1.5 mg/kg/dose of ideal
body weight (IBW) for 5 doses). Patients at high risk for
acute tubular necrosis (ATN) defined as donor age < 12
years old or > 50 years old, recipient age > 55 years old,
cold ischemia time > 24 hours, donor serum creatinine (sCr)
> 1.8 mg/dl, donation after cardiac death (DCD), or kidney
donor profile index (KDPI) > 85% also received rabbit anti-
thymocyte globulin induction. A minority of patients received
alemtuzumab induction as per a clinical trial protocol at our
institution. Patients at low immunologic risk and low ATN
risk received basiliximab (20 mg intravenous infusion on
postoperative day 0 and postoperative day 4). Patients were
defined as sensitized if PRA > 10%. Donor-specific antibodies
were categorized as negative (<700 mean fluorescence
intensity (MFI)), weak (700-2000 MFI), moderate (2000-
5000 MFI), and strong (> 5000 MFI) based on the institution’s
immunology DSA assay.

For maintenance immunosuppression, patients were
initiated on TAC-IR (0.1 mg/kg/day based on ideal body
weight (IBW) or adjusted body weight (AdjBW); AdjBW = IBW
+ 0.4 [actual body weight - IBW]). Obese patients categorized
as body mass index (BMI) greater than or equal to 30 kg/
m? were dosed based on adjusted body weight. Patients not
initiated on an extended-release tacrolimus formulation
from the time of transplantation were then converted upon
discharge based on patient-specific insurance approval. TAC-
IR to TAC-XR or TAC-XL conversions followed the accepted
recommendations of 1:1 conversion from TAC-IR to TAC-
XL, and approximately 30% dose reduction from TAC-IR to
TAC-XR, if tacrolimus levels were at goal [7].

Patients were discharged on tacrolimus and either
mycophenolate mofetil (MMF, 2000 mg/day) or enteric-
coated mycophenolate sodium (EC-MPS, 1440 mg/day)
after a loading-dose period during postoperative days 1
to 4 (2880 mg/day postoperative day 1 and 2160 mg/day
post-operative day 2-4). Corticosteroids were tapered down
and discontinued by postoperative day 6; our institution
followed a steroid-free protocol to mitigate the long-term
effects of corticosteroids. Early-corticosteroid withdrawal
schedule was as follows (prednisone equivalents):
postoperative day 0 (500 mg prior to induction), post-
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operative day 1 (1 mg/kg/day), postoperative days 2 and 3
(0.5 mg/kg/day), postoperative days 4 and 5 (0.25 mg/kg/
day). All corticosteroid doses were calculated using IBW.
Corticosteroid therapy was continued in renal transplant
recipients who were on chronic corticosteroid therapy prior
to transplant or if they had undergone positive crossmatch
transplantation given the associated increased risk of
rejection.

Goal tacrolimus trough concentrations were 8-12 ng/mL
(months 0-2) and then and 5-10 ng/mL thereafter. Time in
therapeutic range for tacrolimus trough levels was calculated
using Rosendaal’s linear interpolation, which is the gold
standard [21]. The Rosendaal method assigns TAC levels to
days without measured troughs via a linear plot from the last
measured TAC level to the next measured TAC level. Using
this linear plot, a value is assigned to each day and then all
the measured or assigned values for TAC levels are used
to calculate the time within the therapeutic range [21]. Per
protocol, tacrolimus trough levels were checked weekly from
postoperative day 7 to 84. Most patients were discharged
within the first week after transplant, therefore tacrolimus
levels were collected beginning Day 7. Any levels determined
not to be a trough were excluded from the data analysis; a
proper trough was determined through clinical chart review
for outpatient levels or timing of the level relative to drug
administration if the patient was admitted to the hospital.

Episodes of rejection were classified as empiric rejection,
biopsy-proven antibody-mediated rejection (BPAMR), or
biopsy-proven acute cellular rejection (BPACR). These were
diagnosed either on for-cause or protocol biopsies with
criteria as defined in the Banff Classification of Allograft
Pathology [22]. Empiric rejection was defined by a > 25%
increase in serum creatinine (in the absence of urinary
obstruction, dehydration, and/or urinary tract infections)
that was presumed to be an acute rejection and treated
with high-dose pulse steroids, anti-thymocyte globulin or
plasmapheresis and/or intravenous immune globulin in the
absence of a renal allograft biopsy. Due to the high frequency
of robotic kidney transplants and the intraperitoneal
placement of the organ, kidney transplant biopsies were
not always done. The decision to forego biopsy was per
transplant attending discretion. The primary outcome
compared percent TTR (TTR %) among 3 TAC formulations
over the first 90 days post-transplant. Secondary outcomes
include TAC levels, TAC dose, estimated glomerular filtration
rate (eGFR) which was assessed by the Modification of Diet
in Renal Disease (MDRD-4) equation, rejection, patient and
graft survival. These secondary endpoints were assessed at
1 month, 2 months, and 3 months. The MDRD-4 equation
is calculated as GFR (mL/min/1.73 m?) = 175 x (sCr)*'>* x
(Age) 2% x (0.742 if female) x (1.212 if Black) [23].

Data were assessed for normality with the Shapiro-Wilk
test and were described using descriptive statistics. Non-
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normally distributed continuous variables were compared
with the Mann-Whitney U test (two-way comparison) or
the Kruskal-Wallis test (three-way comparison). Parametric
continuous data were compared with student’s t - test (2-way
comparison) or one-way analysis of variance (ANOVA) (3-
way comparison). Post-hoc comparisons of the one-way
ANOVA were assessed with Tukey’s method. An Analysis of
covariance (ANCOVA) was built to assess TTR % across age
(> 65 years vs other), Black race, body mass index (BMI >
40 kg/m?). Statistical analysis was completed using STATA®
Version 14 Data Analysis and Statistical Software (StataCorp
LP, College Station, TX). All p - values < 0.05 were considered
statistically significant.

Results

Demographics data

A total of 187 renal transplant recipients (RTRs)
transplanted between January 2013 and October 2017 were
reviewed. Of those, 58 patients were excluded primarily for
deviation from institution protocol or tacrolimus formulation
changes, with a minority having multi-organ transplants.
In total, 129 patients were included in this retrospective
review. Figure 1 depicts the consort diagram and the
number of patients included in each group for analysis.
The demographics are summarized in Table 1. There was
a significant difference in the presence of DSAs at the time
of transplant, which was significantly higher in the TAC-XL
group. The majority of patients (75%) underwent polyclonal
antibody induction with rabbit anti-thymocyte globulin
(rATG), with a minority utilizing alemtuzumab induction
(9%). Table 1 describes the cohort demographics.

RTRs
2014-2016

_|_ Tacrolimus
Other
n=129

Excluded J TAC-IR
n=58 n=42

TAC-XL
n=53

TAC-XR
n=34

Figure 1: Consort diagram.

Time within therapeutic range data

TAC-XR demonstrated a significantly higher TTR %
compared to TAC-IR and TAC-XL (TAC-XR 62.8%, TAC-IR
53.3%, TAC-XL 60.9%, p = 0.048) (Figure 2, Table 2). In post-
hoc analysis, TAC-XR had a higher TTR % compared to TAC-
IR but this result was not statistically significant (p = 0.065).

Sub-analysis

A sub-analysis was conducted to assess differences in
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Table 1: Demographics.

TAC-IR (n = 42)

TAC-XL (n = 53) TAC-XR (n = 34)

Patients, n (%) 42 (32.6)
Average Age, years (SD) 48.7 (14.8)
Female 19 (45)
Race, n (%) 6 (14)
Caucasian 23 (55)
Black Hispanic 11 (26)
Asian 1(2)
Other 1(2)
BMI, kg/m? 343
median (IQR) (23.4 -43)
Median Class | PRA, % (IQR) 0(0-8)
Median Class Il PRA, % (IQR) 0(0-20)
DSA at time of transplant, n (%) 3/15 (20)
Induction immunosuppression, n (%)
Rabbit anti-thymocyte globulin 32 (76)
Basiliximab 7(17)
Alemtuzumab 3(7)

53 (41.1) 34 (26.4) -
50.3 (13.4) 49.6 (13.2) 0.85
23 (43) 18 (53) 0.67
14 (26) 4(12)
23 (43) 22 (65)
12 (23) 8 (23) 0.47
3(6) 0
1(2) 0
32.6 29.6
(28.4-39.7) (25.1 - 36.3) 0.19
0(0-35) 0 (0 -30) 0.87
0(0-3) 0(0-0) 0.77
10/17 (59) 7127 (26) 0.04
74 25 (74
(24 2@
1(2) 6 (17)

BMI: Body Mass Index; PRA: Panel Reactive Antibody; TAC-IR: Twice-Daily Immediate Release Tacrolimus Capsules; TAC-XL: Once-Daily Extended Release Tacrolimus

Capsules; TAC-XR: Once-Daily Tacrolimus Tablets

Table 2: Tacrolimus Dosing Data.

TAC-IR (n = 42)
TAC levels, ng/mL (SD) 8.5(2.4)
Median TAC daily dose, mg (IQR) 9(6-15)
Weight-normalized dose, mg/kg (IQR) 0.15 (0.09 — 0.20)
Median Dose-normalized level, ng/mL/kg (IQR) 1.21(0.80-1.71)
Tacrolimus TTR, % (SD) 53.3 (18.7)

TAC-XL (n = 53)

TAC-XR (n = 34)

9.0 (3.7) 10.7 (4.2) 0.07

12 (8 - 15) 10 (7 - 16) 0.69
0.15 (0.09 - 0.17) 0.12 (0.7 - 0.16) 0.59
1.21 (1.07 — 1.63) 1.06 (0.57 — 1.52) 0.59
60.9 (16.9) 62.8 (19.4) 0.048

TAC-IR: Twice-Daily Immediate-Release Tacrolimus Capsules; TAC-XL: Once-Daily Extended-Release Tacrolimus Capsules; TAC-XR: Once-Daily Tacrolimus Tablets; TAC:

Tacrolimus; TTR: Time within the Therapeutic Range

‘! [

p=0.048

TAC-IR TAC-XL TAC-XR

Figure 2: Time within Therapeutic Range (TTR). TAC-IR: Twice-Daily Immediate

Release Tacrolimus Capsules; TAC-XL: Once-Daily Extended Release Tacrolimus
Capsules; TAC-XR: Once-Daily Tacrolimus Tablets

TTR % across gender, age greater than 65 years, obesity,
or Black race. There was a significant difference in TTR %
when comparing gender (male 55.89% vs. female 62.52%,
p =0.042). There was no difference in TTR % for age, obesity,
or Black race. In the ANCOVA, gender (p = 0.029) and TAC
formulation (p = 0.032) impacted TTR % significantly when
also accounting for Black race, obesity, and age.

Tacrolimus dose data

There was no significant difference in TAC levels, median
TAC daily dose, and weight-normalized dose amongst the
three formulations (Table 2).

https://doi.org/10.29328/journal.jcn.1001085

Rejection data

There was no significant difference in the rates of BPACR,
BPAMR, or BPMAR amongst the three groups (Table 3).
There was a significant difference in the rate of empiric acute
rejection (EAR) amongst the groups with 12% in the TAC-XR
group compared to 3% in the TAC-IR group and 0% in the
TAC-XL group (p = 0.018). Though there was no statistical
difference, the rate of BPACR was 5% in the TAC-IR group
and 3% in the TAC-XR group. No patients in the TAC-XL
group experienced BPACR. The rate of BPAMR was 0% in the
TAC-IR and TAC-XR groups, while 1 patient (2%) in the TAC-
XL experienced 1 episode. The rate of BPMAR was 0% in the
TAC-IR and TAC-XR group, while 1 patient (2%) experienced
1 episode and another 2 episodes (2%) in the TAC-XL group.

Patient and graft outcomes

There was no difference in graft function, patient and
graft survival amongst the three groups (Table 4).

Discussion

To our knowledge, this is the first published study
to analyze time within the therapeutic range among the
three available tacrolimus formulations and effects on
clinical outcomes. There have been a few previous studies
comparing pharmacokinetic profiles of the three tacrolimus
formulations, proving their non-inferior safety and efficacy
[5,7]. We set out to compare the time within the therapeutic
range amongst the three available tacrolimus formulations,
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Table 3: Rejection Data.

TAC-IR (n =42) TAC-XL (n =53) TAC-XR (n =34) p -value

BPACR, n (%)
No episodes 40 (95) 53 (100) 33 (97) 0.29
1 episode 2(5) 0 1(3)
BPAMR, n (%)
No episodes 42 (100) 52 (98) 33 (97)
1 episode 0 1(2) 0 0.37
2 episodes 0 0 0
3 episodes 0 0 1)
BPMAR, n (%)
No episodes 42 (100) 51 (96) 33 (97) 063
1 episode 0 1(2) 0 ’
2 episodes 0 1(2) 1(3)
BPACR: Biopsy Proven Acute Cellular Rejection; BPAMR: Biopsy Proven Antibody
Mediated Rejection; BPMAR: Biopsy Proven Mixed Acute Rejection; TAC-IR:
Twice-Daily Immediate-Release Tacrolimus Capsules; TAC-XL: Once-Daily
Extended-Release Tacrolimus Capsules; TAC-XR: Once-Daily Tacrolimus Tablets

Table 4: Graft Function and Survival Data ‘

TAC-IR TAC-XL TAC-XR
(n=42) (n=53) (n=34) P-vale
eGFR, mL/min, 49.5 41.8 441 0.34
median (IQR) (43.4-63.0) (30.9-65.6) | (33.5-60.6)
Allograft survival, n (%) = 42 (100) 53 (100) 34 (100) -
Patient survival, n (%) 42 (100) 53 (100) 34 (100) -

eGFR: estimated Glomerular Filtration Rate; TAC-IR: Twice-Daily Immediate-
Release Tacrolimus Capsules; TAC-XL: Once-Daily Extended-Release Tacrolimus
Capsules; TAC-XR: Once-Daily Tacrolimus Tablets.

with a hypothesis that TAC-XR exhibits greater time within
the therapeutic range compared to TAC-XL and TAC-IR. In
this patient population, TAC-XR demonstrated a significantly
higher TTR % compared to TAC-IR and TAC-XL.

The majority of patients included were Black (43% - 65%)
in each group and previous studies suggest that the Black race
influences tacrolimus concentrations which may contribute
to acute rejection or toxicity in RTRs. Taber, et al. found that
Black patients were 1.7 timesless likely to achieve therapeutic
concentrations during the first year after kidney transplant
compared to non- Black patients (35% vs. 21%, respectively,
p < 0.001). Those that were not therapeutic were 2.4 times
more likely to have BPACR and 2.5 times more likely to have
BPAMR, as compared with those Black patients achieving
therapeutic concentrations [24]. This demonstrates the need
to carefully monitor and potentially more aggressively dose
Black patients to decrease the risk of rejection. However, our
data show no difference in TTR % when comparing Black to
non-Black patients, and this variable had no impact on the
ANCOVA analysis. The institution protocol calls for rATG
induction for high-risk patients, including Black patients,
therefore explaining the high rate of rATG induction across
the groups. There is limited data on how obesity affects
tacrolimus concentrations and variability, however, in our
study, this was not significant when compared via t-test or as
part of the ANCOVA [25,26]. Given the availability of robotic
transplantation at our institution, obese patients, who would
have otherwise been disqualified at other centers based on
weight, can be transplanted, which explains the mean BMI of
the population studied.
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TAC-XR had a significantly favorable TTR % compared
to TAC-IR and TAC-XL; though this numerical difference
needs to be further studied to assess whether it translates to
improved clinical outcomes. The observed difference in TTR
% may be explained by the unique pharmacokinetics of TAC-
XR that allows for a true extended-release formulation that
is absorbed throughout the gastrointestinal tract and results
in lower intra-day fluctuation, as compared to TAC-XL and
TAC-IR [1-3]. The decision was made to utilize TTR % as the
primary endpoint rather than coefficient of variation (CV %),
which is a ratio of the standard deviation (SD %) to the mean
because previous studies have demonstrated the negative
effects of tacrolimus level fluctuations on clinical outcomes.
Lower tacrolimus exposure has been associated with acute
rejection and the development of de novo donor-specific
antibodies [17,27]. It is interesting to note the smaller range
of variability in the TAC-XR group, which is consistent with
previous studies, suggesting lower intra-day fluctuation
whether this varies across formulations [7,13]. There were
no significant differences in TAC levels, median TAC daily
dose, or weight-normalized dose across the groups. This may
be in part due to the small sample size. It would be prudent to
explore this further in future studies to determine if weight-
normalized dose might correlate to clinical outcomes such as
rejection and acute calcineurin nephrotoxicity. Knowing this
information may help programs better standardize initial
dosing.

In terms of rejection outcomes, there was no statistically
significant difference in the rates of biopsy-proven rejection
across the groups; however, given the limited sample size,
it is important to consider numeric differences within the
data and how that can guide future more appropriately
powered studies to validate these potential differences.
There was, however, a significant difference in the rate of
empiric acute rejection (EAR) amongst the groups. This may
in part be due to protocol for-cause biopsy practice changes
based on physician preference and therefore more empiric
rejection treatment. Empiric rejection was assessed based
on documentation of treatment in the electronic medical
record (EMR). Though this was a brief follow-up period of
only 3 months, there was 100% graft and patient survival in
all groups.

For the sub-analysis, it is interesting to note that though
there was only a significant difference in TTR % for gender,
the study may not have been powered to detect a difference
in obesity and the Black race. Based on known data regarding
the phenotypic differences in the Black population that
alters tacrolimus metabolism, we would have expected to
see a potential difference in TTR % in this sub-population
[24,28,29]. Future studies are necessary to determine if
there is any significant difference in the TTR % for obesity
and Black race and its effects on clinical outcomes such as
rejection and graft survival.
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A notable limitation previously alluded to is the small
sample size which increases the risk of type Il error. Though a
power analysis was not conducted prior to data analysis, our
small sample size may have contributed to an underpowered
study therefore unable to detect significant differences if
they exist. A larger, multicenter study would be helpful to
reevaluate if the increased TTR % found in TAC-XR leads to
improved clinical outcomes. Our retrospective design also
limits the accuracy and precision of our data based on what
isincluded in the EMR. Adherence was unable to be assessed
given the retrospective nature of this study. Inconsistency or
documentation errors may have unknowingly confounded
our outcomes. The documentation of DSA results in the EMR
was inconsistent and practice changes in routinely checking
DSAs evolved during the study period. Factors that may have
contributed to rejection outcomes such as non-compliance
were not assessed. Though our study demonstrated no
difference in eGFR between groups, it would be beneficial
to expand the study period and assess for tacrolimus
concentration correlations to chronic nephrotoxicity and
graft function further out from transplantation.

Conclusion

In summary, in the early post-transplant period, TAC-XR
demonstrated a higher TTR % compared to the other two
formulations within the first 90 days. Further analysis is
necessary to understand the effect of patient-specific factors
on tacrolimus exposure amongst the different formulations.
Future studies are necessary to further explore whether this
difference remains consistent and how it impacts clinical
outcomes further out from transplant.
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