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Background: Tacrolimus trough-level concentration variability and patient non-adherence are risk factors for poorer graft and
patient survival. This study investigated long-term outcomes in kidney transplant recipients who were convert-
ed from twice-daily immediate-release tacrolimus to once-daily prolonged-release tacrolimus.

Material/Methods: CHORUS (NCT02555787) is a 5-year, real-world, prospective, global, non-interventional study. Kidney trans-

plant recipients (KTRs; >18 years, N=4389) were grouped by post-transplant conversion timing (early convert-
ers [ECs], <6 months; late converters [LCs], >6 months). The primary endpoint was the change from baseline in
estimated glomerular filtration rate (eGFR) from conversion to 5 years. Secondary endpoints included tacrolim-
us dose and trough levels, clinical and biopsy-proven acute rejection (BPAR), graft and patient survival, emer-
gence of donor-specific antibodies, and safety.

Results: The full analysis set included 4028 patients (1060 ECs and 2968 LCs). Overall, eGFR remained stable 5 years
after conversion, with a mean change from baseline of -1.4 (ECs, 3.4; LCs, -3.0) mL/min/1.73 m2. Mean daily
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tacrolimus dose and trough levels remained stable 5 years after conversion. Clinically diagnosed and BPAR-
free survival 5-year estimates were 91.2% and 93.9%, respectively. Graft and patient 5-year survival estimates
were 95.0% and 97.1%, respectively. Donor-specific antibody occurrence was observed in 4.9% of patients af-
ter conversion. Prolonged-release tacrolimus (PRT)-related adverse events were reported by 19.3% of patients
and were the cause of discontinuation in 5.5% of patients.

In this large and diverse cohort of KTRs, conversion to PRT, independent of conversion timing, was effective
and well tolerated in routine clinical practice, supporting its continued long-term use.

Delayed-Action Preparations ¢ Prospective Studies  Tacrolimus ¢ Transplantation

AE - adverse event; BPAR — biopsy-proven acute rejection; Cl — confidence interval; CKD-Epi — Chronic
Kidney Disease Epidemiology Collaboration; CoV - coefficient of variation; COVID-19 — coronavirus dis-
ease 2019; DSA - donor-specific antibody; EC — early converter; eGFR — estimated glomerular filtration
rate; EOS — end of study; EOT — end of treatment; EPS — enrolled patients set; FAS — full analysis set;
HLA - human leukocyte antigen; IRT — immediate-release tacrolimus; KTR — kidney transplant recipient;
LC - late converter; MDRD-4 — Modification of Diet in Renal Disease 4-variable; PRT — prolonged-release
tacrolimus; SAE — serious adverse event; SD — standard deviation

https://www.annalsoftransplantation.com/abstract/index/idArt/947318
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Introduction

Kidney transplantation is the preferred treatment for most
patients with end-stage renal disease, promising an improve-
ment in survival and quality of life [1]. However, this lifesaving
procedure necessitates lifelong immunosuppressive treatment
in kidney transplant recipients (KTRs) [2] to prevent graft re-
jection along with the risk of associated graft loss [3,4]. Long-
term graft and patient survival rates have not improved to the
same extent as short-term outcomes in KTRs [5].

As time progresses following a kidney transplant, recipients
often show poorer adherence, and in general have limited un-
derstanding of their immunosuppressive regimens [6]. This is
crucial because variations in drug trough levels and non-ad-
herence to immunosuppressive regimens have been identified
as risk factors that contribute to acute rejection, donor-spe-
cific antibody (DSA) occurrence, and antibody-mediated rejec-
tion in KTRs [7-10]. Tacrolimus is recommended as the first-
line calcineurin inhibitor by Kidney Disease Improving Global
Outcomes guidelines [11] and, since its first approval in 1993
in Japan [12], tacrolimus has been available in more than 90
countries, with over 9 million patient-years of exposure glob-
ally. It is a key component of most modern immunosuppres-
sive regimens, with over 90% of patients receiving tacrolimus
as part of their maintenance immunosuppression [13].

Studies investigating the use of twice-daily immediate-release
tacrolimus (IRT) have revealed variability in tacrolimus trough
concentrations and non-adherence to IRT, both of which are

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€947318-2

potential factors associated with graft loss and rejection among
KTRs [14-18]. In contrast to this, prolonged-release tacrolim-
us (PRT) use is associated with improved medication adher-
ence [19,20], reduced tacrolimus exposure variability [21,22],
stable renal function [23,24], and improved long-term out-
comes [25]. Furthermore, PRT use has been associated with
decreased healthcare costs due to improved adherence and
graft survival [26]. However, there are limited data on the op-
timal time of PRT conversion [27] and long-term clinical out-
comes in KTRs who converted from IRT to PRT.

Aiming to investigate long-term clinical outcomes after conver-
sion from twice-daily IRT to once-daily PRT, the CHORUS study
was a global, multicenter, prospective study of KTRs identified
for conversion. The present study investigated long-term kidney
function and other outcomes in KTRs converting from IRT to PRT,
under clinical practice conditions, over a 5-year study period.

Material and Methods

Study Design and Patients

CHORUS (NCT02555787) [28] was a real-world, long-term (up
to 5 years), multicenter, prospective, non-interventional study
of KTRs who converted from IRT (Prograf®; Astellas Pharma Ltd.,
Surrey, UK) [29] to PRT (Advagraf®; Astellas Pharma Europe B.V.,
Leiden, Netherlands) [30]. Patients on IRT and identified for
conversion to PRT were eligible for enrollment. Following study
initiation, patients were entered prospectively from 127 centers
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Figure 1. Study design (A) and patient disposition of all randomized patients (B). Data collected from March 2015 until September
2022. Overall cohort: all patients. Asian countries cohort: all patients from centers in Asia (South Korea, Japan, Vietnam,
Thailand, Taiwan, Malaysia, Philippines, and Hong Kong). AE — adverse event; BD — twice-daily; BL — baseline; COVID-19 —
coronavirus disease 2019; EC — early converter; EOS — end-of-study; EPS — enrolled patients set; FAS — full analysis set;

FU — follow-up; IRT — immediate-release tacrolimus; LC —

in 25 countries (Figure 1A). Patients already receiving PRT at
enrollment were excluded. The end of treatment (EOT) oc-
curred when PRT was stopped permanently and the end-of-
study (EOS) visit occurred 5 years after conversion, or earlier in
the case of death, withdrawal of consent, or loss to follow-up.

In this study, 20.7% of patients were from Asian countries.
Given the discrepancies in organ transplantation access [31],
kidney disease epidemiology [31], and differences in drug
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late converter; OD — once-daily; PRT — prolonged-release tacrolimus.

metabolism [32] between European/North American and Asian
populations, a pre-specified analysis of a cohort of Asian pa-
tients was also conducted.

To explore outcomes at different time points for conversion,
patients were divided into 2 subgroups based on the timing
of IRT-to-PRT conversion: early converters (ECs; conversion <6
months after transplant) and late converters (LCs; conversion >6
months after transplant). The timing of conversion was flexible
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to reflect various clinical practices and has been used previously
to describe PRT conversion [33]. Subgroups were further defined
by categorized variables, notably tacrolimus trough levels with
coefficient of variation (CoV) thresholds (<35% versus >35%).

Ethics

This study was conducted in accordance with protocol and
ethical principles derived from international guidelines, in-
cluding the Declaration of Helsinki, Good Clinical Practice,
Good Pharmacovigilance Practice, International Council for
Harmonisation guidelines, and applicable national laws and
regulations. Independent Ethics Committee approval of the
study protocol was obtained prior to study initiation. Informed
consent was obtained from patients eligible for conversion to
PRT or their legally authorized representatives (as per local
regulations) prior to study participation.

In some patients, there were delays to the EOS visit due to
the coronavirus disease 2019 (COVID-19) pandemic, meaning
that data collection occurred beyond 5 years following a pro-
tocol amendment. While COVID-19 impacted the study time-
lines, as expected, there was no impact on the interpretation
of study results or completion.

Outcomes

The primary endpoint was the change from baseline (time of
IRT-to-PRT conversion) in renal function measured by estimated
glomerular filtration rate (€GFR) using the Modification of Diet
in Renal Disease 4-variable (WVDRD-4) formula [34]; MDRD-4 was
chosen for the primary endpoint, as many of the study sites
used assays derived from the Jaffe reaction or enzymatic assays
for the quantification of creatinine. For patients who experi-
enced graft loss, eGFR was set to zero on the day of graft loss
and was not calculated for the remainder of the analysis peri-
od. Key secondary endpoints included: change from baseline
in renal function measured by eGFR using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-Epi) formula [35],
tacrolimus dose and trough levels, clinically diagnosed acute
rejection, biopsy-proven acute rejection (BPAR), graft and pa-
tient survival, DSA occurrence, and safety. In the definition of
BPAR, episodes were evaluated together with the classifica-
tion of the rejection severity (Banff classification) [36], whether
the rejection episode was treated or untreated, and whether it
was steroid-sensitive or -resistant. Clinically diagnosed acute
rejection episodes were defined as episodes where no biop-
sies were carried out but treatment for rejection was given.

Statistical Analysis

As this was a non-interventional study, no formal hypothesis
testing was performed. For continuous variables, descriptive
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statistics (including the number of patients, mean, standard
deviation [SD], median, minimum, and maximum) were used.
Graft and patient survival rates were estimated using the
Kaplan-Meier method. The enrolled patients set (EPS) com-
prised all patients who provided informed consent and re-
ceived >1 dose of PRT and was used for the safety analysis.
Efficacy was analyzed in the full analysis set (FAS), compris-
ing all eligible patients in the EPS who converted to PRT, had
>1 primary endpoint assessment at baseline, and >1 prima-
ry endpoint assessment 1 year after conversion or later. As
this was a long-term study, 4 interim analyses were conduct-
ed annually.

Results

Study Participants

A total of 4389 KTRs were enrolled and received >1 dose of
PRT. From the EPS, 3336 (76.0%) patients completed the study
as planned (Figure 1B) and 1053 (24.0%) patients discontin-
ued participation in the study, mostly due to loss to follow-
up (364; 8.3%) and death (309; 7.0%) (Table 1). Overall, 4028
(91.8%) patients were included in the primary analysis popu-
lation (FAS); with 1060 of those (26.3%) in the EC and 2968
(73.7%) in the LC subgroups (Figure 1B). In the Asian countries
cohort, 910 patients (EC, 98 [10.8%]; LC, 812 [89.2%]) were in-
cluded in the EPS. Of the 910 patients in the EPS, 887 (97.5%)
patients were in the FAS (EC, 92 [10.4%]; LC, 795 [89.6%)).

Demographic and Clinical Characteristics

In the 4028 patients included in the FAS, the mean age of pa-
tients was 50.9 years and 2435 (60.5%) patients were male.
This was a racially diverse patient population, with 1650 (63.3%)
White and 922 (35.4%) Asian patients (Table 2). Overall, donor/
recipient human leukocyte antigen (HLA) mismatch scores >3
were recorded in 2224/3364 (66.1%) patients with available
HLA data (664 patients had missing data) (Table 2).

The mean (SD) duration between the last transplantation of
patients and conversion was 48.3 (58.0) months. Before con-
version, 84 (2.1%) patients received kidney biopsies and 76
(1.9%) patients received biopsies after conversion. Overall, clin-
ical indications were the most common reason for conversion
(Table 2). The baseline demographic and clinical characteris-
tics of the Asian countries cohort were similar to the overall
cohort (Table 2). In total, systemic corticosteroids were ad-
ministered to 2879 (71.5%) patients and 3491 (86.7%), 331
(8.2%), and 91 (2.3%) patients received mycophenolate deriv-
atives, everolimus, or sirolimus, respectively.
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Table 1. Study discontinuation and completion.

Completed study, n (%) 913 (72.6)

AE 12 (1.0)
"""" Death 9213
"""" losttofollow-up 129 (103)
"""" Withdrawal by patient 14 (11)
"""" other %@
"""" covors o

ORIGINAL PAPER

2423 (77.4) 3336 (76.0)
""""""""""""""" 708 (226) 1053 40)
"""""""""""""""" n a0 @a0
""""""""""""""" 27 69) 309 7o)
""""""""""""""" 235 75) 364 83
""""""""""""""""" 64 200 71808
""""""""""""""" 61 51) 259 (59)
""""""""""""""""""" 100 100

* Only the primary reason for study discontinuation was collected. AE — adverse event; COVID-19 — coronavirus disease 2019.

Primary and Secondary Endpoints
Renal Function: eGFR Calculated Using MDRD-4 and CKD-Epi

The mean (SD) eGFR at the time of conversion was 56.1 (21.5)
mL/min/1.73 m? (EC, 50.0 [21.9] mL/min/1.73 m? LC, 58.2 [20.9]
mL/min/1.73 m?). In the Asian countries cohort, the mean eGFR
was 66.8 mL/min/1.73 m? at conversion.

Overall, the change from baseline in renal function remained
relatively stable throughout the study, with the mean (SD)
eGFR decreasing by 1.4 (17.2) mL/min/1.73 m? at 60 months
after conversion (Figure 2A). Results were similar when eGFR
was calculated using the CKD-Epi formula (mean change from
baseline was -2.3 (17.3) mL/min/1.73m? at 60 months after
conversion; Figure 2B).

In the EC subgroup, there was an initial clinically relevant im-
provement from baseline in renal function, with a peak mean
(SD) eGFR change from baseline of 4.7 (17.7) mL/min/1.73 m? at
24 months after conversion. At 60 months after conversion, the
mean (SD) change from baseline was 3.4 (20.3) mL/min/1.73 m2.
In the LC subgroup, there was a minor reduction in mean (SD)
change from baseline in renal function throughout the study,
with a value of -3.0 (15.6) mL/min/1.73 m? at 60 months after
conversion (Figure 2A). In the Asian countries cohort, mean
eGFR increasingly declined in value from baseline throughout
the study. This trend was also observed in the EC and LC sub-
groups, with numerically greater increases observed in the
EC subgroup. At 60 months after conversion, the mean (SD)
change from baseline was -3.4 (16.2) mL/min/1.73 m? over-
all, -5.9 (19.2) mL/min/1.73 m? in the EC subgroup, and -3.1
(15.8) in the LC subgroup (Figure 2C).
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Tacrolimus Dose and Exposure

Before conversion, the overall median daily dose of tacrolimus
was 4.3 mg (EC, 7.0; LC, 3.6). From conversion to 12 months
after conversion, the overall median daily dose of tacrolimus
was 4.0 mg; thereafter, the dose decreased to 3.5 mg at 18
months after conversion and remained stable until EOT. The
mean daily dose of tacrolimus remained consistent from con-
version until EOT, varying from 4.7 to 3.9 mg (Figure 3A). From
baseline to EOS, the median duration of PRT treatment was
1744 days. At EOS, 2850 (70.8%) patients remained on PRT,
while 375 (9.3%) patients discontinued PRT but remained on
other tacrolimus formulations. In the Asian countries cohort,
overall, the median daily dose of PRT remained stable at 3.0
mg and the mean dose varied from 3.2 to 3.4 mg from con-
version to EOT (Figure 3B). The median duration of PRT treat-
ment in the Asian countries cohort (n=887) was 1771 days,
and 694 (78.2%) patients remained on PRT at EOS.

At conversion, median tacrolimus trough levels in the FAS were
6.7 ng/mL. From 12 to 60 months after conversion, median
trough values ranged from 5.6 to 5.9 ng/mL and mean trough
values ranged from 5.8 to 6.1 ng/mL (Figure 3C). From base-
line to EOS, tacrolimus trough levels CoV was >35% for 662
(17.5%) patients (Table 3). In the Asian countries cohort, the
median tacrolimus trough concentration at conversion was
5.7 ng/mL. From 12 to 60 months after conversion, median
trough tacrolimus concentrations ranged from 4.7 to 4.9 ng/mL
and mean concentrations were 6.1 ng/mL at conversion and
5.1 ng/mL at EOS (Figure 3D).
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Table 2. Baseline demographic and clinical characteristics.

Overall cohort 3 Asian countries cohort

converter Late converter converter Late converter Total
(n=1060) (n=2968) (n=4028) (n=92) (n=795) (n=887)

Sex, n (%)

Asian 102 21.1) 820 (38.6) 922 (35.4) 92 (100.0) 786 (99.9) 878 (99.9)
Other 4(0.8) 21 (1.0) 25 (1.0) = = =
Missing 576 (54.3) 846 (28.5) 1422 (35.3) 0 8 (1.0) 8 (0.9)

Mean (SD) 51.7 (13.7) 50.6 (13.1)
Median 53.0 51.0
Min, Max 18, 83 18, 84

Age group (years), n (%)

<50 452 (42.6%) 1353 (45.6%) 1805 (44.8%) 42 (45.7) 386 (48.6) 428 (48.3)
"""" 550 608(57.4%) 1615 (544%) 2223 (5529
Weight n=1011  n=2831  n=3842
"""" Mean(sD) 7277 (1555 7175 (16.06) 72.02 (1593)
"""" Medan 75 700 710 606 600 600
"""" MinMax 37,1428 294,1420 294,1428
Height(m) n=977  n=2613  n=3590
"""" Mean(sD)  1697(99) 1683 (10.0) 1686 (100) 1665 (112) 1639 (88) 1642 (90.1)
"""" Medan 1700 1690 1690 . 1680 1641 1650
"""" MinMax  1080,2050 1300,2080 108,208
CemiGgm) n=961  n=2596  n=3557
"""" Mean D) 2516 25248 25246  224(2 22934 2866
"""" Medin 246 26 246 24 27 25
oMM 150,574 126,495 126,574 | 150,574 147,363 147,574

Mean (SD) 2.3 (1.7) 64.7 (59.5)
Median 2.2 44 .4
Min, Max 0.1, 6.0 6.1, 410.5
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Table 2 continued. Baseline demographic and clinical characteristics.

Overall cohort

Late converter
(n=2968)

converter
(n=1060)

DSA occurrence prior to or at

Asian countries cohort

Total
(n=4028)

Total
(n=887)

Late converter

converter (n=795)

(n=92)

e n=483 n=1052 n=1535 n=12 n=141 n=153
e 72(149) 209 (199) 281(183) | 3(250  31(20)  34(222)
SN 411@51) 843 (801) 1254(817) | 9(750) 110 (780) 119 (77.8)
”””” Undetermined 577 1916 2493 | 80 &4 734
PRAgade ne774  n=14s5  n=2220 .
”””” Mean(sD)  80@Le) s6(68 64088 | - - -
" PRAgdegowpn(®
"""" <%  e6s(s9) 1281(880) 194673 - - -
"""" 1 109041 1740200 283027) | - - -
”””” Missng 286  1s13 1799 | - - -
© HLA mismatches,n (%) h=1010  n=2354  n=3364
"""" o ee9 13168 19167 - - -
”””” 6160 20868 2060 | - - -
”””” > a5 s13le 02 - - -
"""" > 12(15 15020638 2224661 - - -
"""" Missng  s0 e es | - - -
 Reason for conversion,n (%) n<750  n<1656  n=2406 |
"""" Compliance 6485  393(37) 47190 - - -
er:?nﬁ;‘::’;izitleo”;g:g 199 (265)  510(30.8) 709 (295) | = = =
Clinical indications 438 (58.4) 566 (34.2) 1004 (41.7) - - -
Trough level optimization 26 (3.5) 129 (7.8) 155 (6.4) - - -
Other 23 (3.1) 58 (3.5) 81 (3.4) - - -
Missing 508 1475 1983 = = =

BMI — body mass index; DSA — donor-specific antibody; FAS — full analysis set; HLA — human leukocyte antigen; PRA — panel-reactive

antibody; SD — standard deviation.

Acute Rejection

Overall, after conversion to PRT, 133 (3.3%) patients had clin-
ically diagnosed acute rejection episodes (5.8% [n=61] of all
EC patients; 2.4% [n=71] of all LC patients), with 148 total ep-
isodes reported. Of these 148 episodes, 63 (42.6%) were cor-
ticosteroid-sensitive (a rejection episode treated with new or
increased corticosteroids only and resolved irrespective of PRT
or mycophenolate mofetil dose changes) and 53 (35.8%) were

This work is licensed under Creative Common Attribution-
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ongoing/unresolved. The Kaplan-Meier estimate (95% confi-
dence interval [Cl]) for clinically diagnosed acute rejection-free
survival at 60 months after transplantation was 91.2% (89.9%;
92.4%) in the overall cohort (Figure 4A) and 93.2% (89.9%;
95.5%) in the Asian countries cohort (Figure 4B).

Overall, after conversion to PRT, 76 (1.9%) patients had BPAR
(4.0% [n=42] of all EC patients; 1.1% [n=34] of all LC pa-
tients). The most BPARs were T-cell-mediated, occurring in 55
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Figure 2. Mean change from baseline in eGFR with the MDRD-4 formula (A) and CKD-Epi formula (B) in the overall cohort and in
the Asian countries cohort with the MDRD-4 formula (C). Mean eGFR change from baseline is displayed with 95% CI. For
patients who experienced graft loss, eGFR was set to zero for the first value on or after the day of graft loss and was not
calculated for the remainder of the analysis period. For patients who discontinued PRT therapy before the EOS, only data
up until the date of the discontinuation of PRT were included in the analysis. EOT was the earliest among the last exposure
dates, eCRF visit dates, and first exposure date plus 1916 days (the maximum window for collecting data). EOS was the
earliest among the last eCRF visit date and first exposure date plus 2008 days (the maximum window for collecting data),
except for exposure data. Cl — confidence interval; eCRF — electronic case report form; eGFR — estimated glomerular filtration
rate; EOS - end-of-study; EOT — end of treatment; MDRD-4 — Modulation Diet in Renal Disease 4-variable; PRT — prolonged-

release tacrolimus.

(1.4%) patients. Among the 2029 patients who underwent trans-
plantation within 24 months prior to conversion, 121 (6.0%)
had >1 BPAR episode after transplantation. At 60 months after
transplantation, the overall Kaplan-Meier estimated BPAR-free
survival rate (95% Cl) was 93.9% (92.8%; 94.9%) (Figure 4C).
In the Asian countries cohort, 18/330 (5.5%) patients who
underwent transplantation within 24 months before conver-
sion had >1 BPAR after transplantation. The Kaplan-Meier
estimate (95% Cl) of BPAR-free survival was 94.5% (91.4%;
96.5%) (Figure 4D).

Graft Survival
In the FAS, 458 (11.4%) patients experienced graft loss after

their latest transplantation (11.3% [n=120] of all EC patients;
11.4% [n=338] of all LC patients). The primary reason for graft
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loss was chronic allograft nephropathy. The Kaplan-Meier es-
timate (95% Cl) of graft survival was 95.0% (94.3%; 95.7%) at
60 months after transplantation (Figure 5A). The graft surviv-
al rate remained high (92.1% [91.2%; 93.0%]) at 84 months
after transplant. Overall, in an analysis examining patients in
the <35% and >35% CoV subgroups, the 60-month graft sur-
vival estimate (95% Cl) was numerically lower in the >35%
subgroup. Survival estimates were similar between LCs in dif-
ferent CoV subgroups, but ECs in the >35% subgroup had a
reduced survival estimate compared with ECs in the <35%
subgroup (Figure 5B).

In the Asian countries cohort (n=887), 55 (6.2%) patients had
graft loss after their latest transplantation (6.5% [n=6] of all
EC patients; 6.2% [n=49] of all LC patients). The Kaplan-Meier
estimate (95% Cl) of graft survival was 97.8% (96.6%; 98.6%)
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Figure 3. Summary of tacrolimus exposure after conversion in the overall (A) and Asian countries cohort (B), and mean tacrolimus
trough levels in the overall (C) and Asian countries cohort (D). Mean daily dose of PRT and mean tacrolimus trough levels
are displayed, and error bars represent 95% Cl. EOT was the earliest among the last exposure dates, eCRF visit dates, and
first exposure date plus 1916 days (the maximum window for collecting data). EOS was the earliest among the last eCRF
visit date and first exposure date plus 2008 days (the maximum window for collecting data), except for exposure data.
eCRF — electronic case report form; EOS — end-of-study; EOT — end of treatment; PC — months prior to conversion;

PRT - prolonged-release tacrolimus.
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Table 3. Coefficient of variation for tacrolimus trough levels.

Early converter Late converter Total
(n=1060) (n=2968) (n=4028)

Baseline to 12 months after conversion (+6 months)

<35% 686 (84.2) 1580 (85.5) 2266 (85.1)
>35% 129 (15.8) 267 (14.5) 396 (14.9)
Missing 245 1121 1366

<35% 707 (83.4) 1872 (84.3) 2579 (84.0)
>35% 141 (16.6) 349 (15.7) 490 (16.0)
Missing 212 747 959

<35% 668 (83.5) 1983 (83.7) 2651 (83.6)
>35% 132 (16.5) 387 (16.3) 519 (16.4)
Missing 260 598 858

<35% 645 (81.9) 2002 (84.4) 2647 (83.7)
>35% 143 (18.1) 371 (15.6) 514 (16.3)
Missing 272 595 867

<35% 561 (83.4) 1743 (85.1) 2304 (84.7)
>35% 112 (16.6) 304 (14.9) 416 (15.3)
Missing 387 921 1308

<35% 768 (82.0) 2206 (84.4) 2974 (83.8)
>35% 169 (18.0) 408 (15.6) 577 (16.2)
Missing 123 354 477

<35% 796 (80.2) 2325 (83.3) 3121 (82.5)
>35% 196 (19.8) 466 (16.7) 662 (17.5)
Missing 68 177 245

* For each patient having at least 4 trough-level measurements, the coefficient of variation was calculated as the ratio of the standard
deviation and mean (CoV [%]=(SD/mean)x100) of all trough-level measurements after conversion up to the time of analysis (last
available visit). In case of multiple trough levels around a target time point, the value whose assessment day was the closest to the
defined target day within these windows was used. CoV — coefficient of variation; SD — standard deviation.
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Figure 4. Kaplan-Meier estimates of time to first incidence of clinically diagnosed acute rejection in the overall (A) and Asian
countries cohort (B), and time to first incidence of BPAR in the overall cohort (C) and Asian countries cohort (D).
AR - acute rejection; BPAR — biopsy-proven acute rejection.
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Figure 5. Kaplan-Meier estimates of graft survival in the overall cohort (A), 5-year post-transplant graft survival estimate by
tacrolimus trough levels subgroups in the overall cohort (B), graft survival in the Asian countries cohort (C), and overall
survival in the overall (D) and Asian countries cohort (E). For patient survival, only death counts as an event. Graft survival
was defined as the incidence of re-transplantation, nephrectomy, death, or commencement of dialysis at the end of study or
discontinuation. The survival estimates and 95% Cls are based on the Kaplan-Meier time-to-event estimates. The patient and
graft survival times were calculated as the duration from the date of transplantation until an event occurred or the date of
the last contact. The CoV data were missing for 245, 68, and 177 patients in the overall, early converter, and late converter
cohorts, respectively. Cl — confidence interval; CoV — coefficient of variation.

at 60 months after transplant, and it remained high (96.0%
[94.4%; 97.2%)) at 84 months (Figure 5C).

Patient Survival

Overall, 258 (6.4%) patients died during the study period
(6.5% [n=69] of all EC patients; 6.4% [n=189] of all LC pa-
tients). The Kaplan-Meier estimate (95% Cl) of patient surviv-
al was 97.1% (96.5%; 97.6%) at 60 months after transplanta-
tion and remained high (95.3% [94.4%; 95.9%]) at 84 months
(Figure 5D). In the Asian countries cohort (n=887), 29 (3.3%)
patients died during the study period (4.3% [n=4] of all EC pa-
tients; 3.1% [n=25] of all LC patients). The survival estimate
(95% Cl) was 98.9% (97.9%; 99.4%) at 60 months after trans-
plantation and remained high at 84 months after transplan-
tation (97.8% [96.5%; 98.7%] (Figure 5E).
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Donor-Specific Antibodies

A total of 1535 (38.1%) patients had a DSA test either prior to,
or at conversion. Of these, 281 (18.3%) patients had DSA oc-
currence prior to or at conversion to PRT (Table 2). After PRT
conversion, 536/1898 (28.2%) patients had DSA occurrence
(Table 4). In the Asian countries cohort, 34/153 (22.2%) pa-
tients had DSA occurrence prior to or at conversion (Table 4),
while 64/238 (26.9%) patients had DSA occurrence after con-
version to PRT (Table 4).

Safety (EPS)
Adverse Events
Among the 4389 patients in the EPS, there were 18615 ad-

verse events (AEs) recorded in 3178 (72.4%) patients (Table
5). In 848 (19.3%) patients, AEs were considered to be related
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Table 4. Occurrences of donor-specific antibodies after conversion.

Overall cohort Asian countries cohort

Late converter
(n=795)

Late converter
(n=1198)

Early converter
(n=700)

Early converter
(n=92)

(n=1898)

At least 1 DSA occurrence after conversion, n (%)*

Yes 212 (30.3) 324 (27.0) 536 (28.2) 9 (333) 55 (26.1) 64 (26.9)
No 488 (69.7) 874 (73.0) 1362 (71.8) 18 (66.7) 156 (73.9) 174 (73.1)
Missing 360 1770 2130 . 65 584 649

Total
(n=4028)

Total
(n=887)

Late converter
(n=795)

Late converter
(n=2968)

Early converter
(n=1060)

Early converter
(n=92)

Yes 51 (4.8) 116 (3.9) 167 (4.1) 2 (2.2) 13 (1.6) 15 (1.7)
"""" N  18@n  ssq8 7@y | o0 003 e
" No DSA occurrence prior to or at conversion and at least 1 DSA occurrence after comversion, n (9
"""" Ys 807  usG9 19749 | 4@l 800 1204
"""" N 303286  se6(91) 86918 | 3G3) 5569 865

* Percentages were calculated from the number of patients with available data. ** Percentages were calculated from all patients in the
early converter, late converter, and overall subgroups. DSA — donor-specific antibody.

Table 5. Overview of adverse events in the overall cohort.

Asian countries cohort

Overall cohort

converter converter (n=4389) converter converter
(n=1258) (n=3131) (n=98) (n=812)
AEs 1007 (80.0) 2171 (69.3) 3178 (72.4) | 63 (64.3) 466 (57.4) 529 (58.1)
© PRTrelated”AES 330 262) 518 (165 848 (193) . 11(112) 7289 83 (01)
lpeats BB 0203 21769 30900 | 561 2763 325
Csaes 741 (589) 1480 473) 2221 (506) | 40 (40.8) 297 (36.6) 337 (37.0)
© PRTrelated” SAES™ 174 (138) 281 (00)  455(04) | 902 . 960 58 (64)
jisc(lﬁ?rzzgtfgnpz;'gge”t 174 (13.8) 344 (11.0) 518 (11.8) 7 (7.1) 40 (4.9) 47 (5.2)
PRT-related” AEs leading to 88 (7.0) 154 (4.9) 242 (5.5) 2 (2.0) 20 (2.5) 22 (2.4)

permanent discontinuation of PRT

* Possible, probable, or not assessable, as determined by the investigator, or records where the relationship is missing. ** Includes
SAEs upgraded by the sponsor based on the review of the Sponsor’s list of always serious terms or the important medical event
process, if any upgrade. AE — adverse event; PRT — prolonged-release tacrolimus; SAE — serious adverse event.

to PRT. In both subgroups, the most common PRT-related AEs,
recorded in >1% of transplant recipients, were tremor (2.3%),
diarrhea (1.3%), and urinary tract infections (1.0%). The EC
subgroup also reported BK virus infection (1.4%), basal cell
carcinoma (1.1%), alopecia (1.1%), cytomegalovirus infection
(1.0%), polyomavirus-associated nephropathy (1.0%), and acute
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kidney injury (1.0%). In the LC subgroup, apart from tremor, di-
arrhea, and urinary tract infections, no other PRT-related AEs
were reported by >1% of transplant recipients.

A total of 7354 serious AEs (SAEs) were reported (EC, 2749; LC,
4605). Overall, 2221 (50.6%) patients reported SAEs. New-onset
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diabetes after transplantation was reported by 0.3% of pa-
tients (EC, 0.6%; LC, 0.2%).

There were 455 (10.4%) patients in whom SAEs were consid-
ered to be related to PRT. Permanent PRT discontinuation was
reported to be caused by AEs in 518 (11.8%) patients. Treatment
discontinuation was reported to be caused by PRT-related AEs
in 242 (5.5%) patients. Overall, 309 (7.0%) patients had an AE
leading to death; the deaths of 16 (0.4%) patients were con-
sidered PRT-related. In an additional 15 (0.3%) patients, the
relationship of the AE leading to death and PRT was deemed
non-assessable. COVID-19 or suspected COVID-19 infection was
reported to be the cause of death in 21 (0.5%) patients. AEs
and SAEs for the Asian countries cohort are provided in Table 5.

Discussion

The prospective CHORUS study was the first global, multi-
center, real-world-evidence study with 5-year outcome data
on PRT use after conversion from IRT at different time points,
addressing the lack of long-term outcome data for KTRs fol-
lowing conversion. This study described results from a large
cohort of diverse KTRs, including 910 (20.7%) patients from
Asian countries. Our findings showed that independent of con-
version timing, conversion from IRT to PRT was tolerable and
effective in clinical practice, in support of previous short- and
long-term findings [19,25].

Globally, the timing and reason for PRT conversion may differ
among clinical practices, but conversion can improve treatment
convenience and patient medication adherence [19,20]. Efforts
to improve adherence through switching KTRs from IRT to PRT
may be further hindered by concomitant treatment with twice-
daily mycophenolate mofetil for patients on IRT. However, in
this study, it was reassuring that over half of patients were
treated concomitantly with mycophenolate mofetil, suggest-
ing that conversion does occur in these patients.

The eGFR remained relatively stable in the overall cohort from
the time of conversion to 5 years after conversion, with a mean
change from baseline decrease of 1.4 mL/min/1.73 m? from a
mean eGFR of 56.1 mL/min/1.73 m? at conversion. In the EC
subgroup, there was an initial clinically relevant improvement
from conversion to 12 months after conversion, which was
maintained throughout the study. In the LC subgroup, there
was a numerical but non-statistically significant reduction in
eGFR. This decrease, measuring less than 2 mL/min/1.73 m?,
is unlikely to have clinical significance, as supported by the
overlapping 95% Cls between the LC subgroup and the over-
all cohort. These results are similar to 2 long-term studies of
PRT in de novo KTRs, where the 5-year mean eGFR was 51.1
[23] and 52.5 [24] mL/min/1.73 m?, respectively. In the Asian
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countries cohort, renal function remained relatively stable
throughout the 5-year study period, with an average decrease of
3.4 mL/min/1.73 m? from a mean eGFR of 66.8 mL/min/1.73 m?
at conversion. This is consistent with results from 2 long-
term Japanese studies assessing the long-term impact of PRT,
which reported eGFR values of 48.7 mL/min/1.73 m? [37] and
46.7 mL/min/1.73 m? [38].

Low tacrolimus exposure has previously been associated with
an increased risk of rejection [15]. In the present study, after
an initial decrease in median tacrolimus daily dose and mean
trough levels 12 months after conversion; tacrolimus dose and
trough concentrations consistently remained within the thera-
peutic window under routine clinical practice conditions. Mean
trough levels after conversion from IRT to PRT were numerical-
ly lower than when patients were treated with IRT before con-
version. However, this decrease was approximately 1 ng/mL,
and more than 60% of patients had tacrolimus trough levels
between 5 and 10 ng/mL after conversion. Additionally, more
than 80% of patients with available data had a CoV of <35%.
Variable tacrolimus trough concentrations have been associ-
ated with an increased risk of rejection and graft loss [8,39].
This is demonstrated in the present study, as patients in the
>35% CoV subgroup had a lower 60-month graft survival rate
compared with patients in the <35% subgroup. This was par-
ticularly apparent in the EC subgroup, while there were no dif-
ferences in the LC subgroup.

Overall, and in the Asia countries cohort, the estimates for
clinically diagnosed acute rejection-free and BPAR-free surviv-
al were high (>90.0%) and in line with previously published
long-term results in KTRs receiving PRT (74.2-86.0%) [23,24].
Graft and patient survival were high (>95.0%) at 5 years after
transplantation and remained high (>90.0%) until 7 years after
transplantation in both cohorts, and were generally compara-
ble with other long-term studies investigating PRT use (patient
survival, 90.8-98.1%; graft survival, 82.7-88.1%) [23-25,37,40].

Patients in the EC subgroup may have been more suscepti-
ble to early post-transplant events, such as rejection and graft
loss, as their average time between transplantation and con-
version was only 2 months, whereas patients in the LC sub-
groups were converted, on average, 65 months after trans-
plantation. Since complications are likely to occur early in the
post-transplant period [41], this may explain the differences
between subgroups, especially when considering graft surviv-
al from the time of transplantation. Such issues have recent-
ly been discussed as “immortal time bias” [42].

There were no unexpected safety findings observed during
the study period. After conversion to PRT, the AE rate was
lower compared with previously reported AE rates for IRT
treatment [43-45]. However, any direct comparisons between
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studies should be interpreted cautiously due to differences
between study designs and populations. The incidence of the
most commonly reported PRT-related AEs, such as tremors, di-
arrhea, and urinary tract infections, was in line with previous
long-term studies of PRT [23,24,40].

The strengths of this study included its large, diverse patient
population from 25 countries across Europe, Asia, and North
America, with a substantial proportion from Asia, permitting
analyses in a cohort of patients from Asia. This study’s long-
term, non-interventional design enabled data collection over
5 years, with over 75% of patients completing the study as
planned. This approach helped address an evidence gap in the
long-term effects of tacrolimus conversion. Additionally, as a
real-world study, patients were treated according to local clini-
cal practice, reflecting current treatment methods and enhanc-
ing the generalizability of these data. However, this study may
have been limited by selection bias due to the non-random-
ized selection of sites or patients and immortal time bias [42].
The Kaplan-Meier methodology for estimating time to graft
loss may have been biased by the competing risks of graft
loss from other events. Additionally, it is possible that report-
ing of short-term outcomes may have differed between sub-
groups because the LC subgroup had a longer observation pe-
riod compared with the EC subgroup. Furthermore, there are
potential differences in target tacrolimus trough levels in clin-
ical practice globally and in local therapeutic drug monitoring
protocols, which may have impacted results. However, this re-
al-world, non-interventional, prospective study, despite lacking
a control group, offers valuable insights, and these findings
should be interpreted with thoughtful consideration.

Conclusions

This 5-year, real-world study with a large and diverse cohort of
patients indicates that both early and late conversion to PRT
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are associated with stable renal function, high graft and pa-
tient survival outcomes, and no new significant safety find-
ings. Thus, converting KTRs from IRT to PRT independent of
conversion timing was effective and well tolerated, and this
study contributes to the evidence supporting the continued
long-term use of PRT in clinical practice.
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