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Abstract

Background and hypothesis: Because of the narrow therapeutic range and inter-individual
differences in tacrolimus trough levels, the total daily dose and their ratio are commonly used to
determine proper tacrolimus. In our study, the Life-Cycle Pharma-tacrolimus formulation was
compared to Immediate-release Tacrolimus in a real-life setting. Methods: This longitudinal
observational study included kidney transplant patients at two Hungarian university clinic’s study
centers. Sixty-three (63) patients completed the study and were included in the statistical analysis.
They received either Life-Cycle Pharma-tacrolimus (n=40) or Immediate-release Tacrolimus (n=23)
maintenance therapy as the two study arms, all combined with everolimus or mycophenolic acid and
corticosteroid. Patients were enrolled in the study 4-6 weeks after transplantation and were observed
for 48 months. Tacrolimus trough level, total daily dose and their ratio were recorded at each of the
seven follow-up visits, during the 48 months study period. Epidemiology data, patient
characteristics, blood parameters (including eGFR, de novo DSA, CMV and BK virus incidence), and
the acute rejection episodes were monitored. Results: Mean age at enrolment was 53.35 years, males
n=41 (65.08%). A steady, therapeutic maintenance trough level was achieved in both study arms.
Dosing of Life-Cycle Pharma-tacrolimus required a 30% lower total daily dose compared to
Immediate-release Tacrolimus to achieve the therapeutic trough level. A slow deterioration of eGFR
was observed (mean decrease of 6.06 mL/min/1.73m? over 4 years) in the Immediate-release
Tacrolimus arm in contrast to the Life-Cycle Pharma tacrolimus arm, where the eGFR increased (by
4.76 mL/min/1.73m?) in 4 years period. Conclusions: Both formulations were both proper long-term
immunosuppressive treatments for kidney transplant patients, maintaining a stable trough level.
Life-Cycle Pharma tacrolimus might serve as a valuable choice in avoiding drug-specific side effects,
reducing calcineurin-induced nephrotoxicity.
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Introduction

For kidney transplant (KT) patients the prevention of graft rejection is essential, therefore they
receive continuous immunosuppressive therapy. The goal of immunosuppressive treatment is to
maximize the function and longevity of the transplanted organ while ensuring that the side effects of
immunosuppression remain minimal, thereby enabling the patient to maintain a good quality of life.

Current immunosuppression treatment regimens are based on the active substance tacrolimus,
which belongs to the group of calcineurin inhibitors and serves as the basis of immunosuppression
both during induction and maintenance treatment [1-3]. Tacrolimus is most often combined with
mycophenolic acid (MPA) or a mammalian target of rapamycin (mTOR) kinase inhibitor and
corticosteroids (CS).

Several formulations of tacrolimus have been released to improve the bioavailability, patient
adherence, and compliance, as well as the overall effectiveness and safety of the active ingredient.
Currently, three formulations are available: immediate-release tacrolimus capsules taken twice-daily
(IRT: Prograf, Astellas Pharma); a once-daily MeltDose tablet formulation (Life-Cycle Pharma
Tacrolimus - LCPT; Envarsus, Chiesi Farmaceutici SpA) and a once-daily extended-release
tacrolimus capsule (ERT; Advagraf, Astellas Pharma).

Tacrolimus levels below the lower serum threshold may trigger organ-rejection processes, with
imminent graft loss. Over-exposition with levels beyond the upper serum threshold leads to an
increased risk of opportunistic infections, malignancies, nephrotoxicity, tremor, diabetes,
hypertension, and other metabolic side effects [4].

Tacrolimus has a narrow therapeutic range and shows a high degree of both inter- and intra-
personal variability in terms of absorption and metabolism among the patients [4-6]. The total daily
dose (TDD) is not considered to be a reliable predictive factor of drug levels [5,7]. The regularly
monitored trough level (TL) of tacrolimus itself is accepted as a valid measure of target tacrolimus
levels and is now the gold standard to monitor the effectiveness of tacrolimus maintenance therapy
by keeping the serum levels in the range of 5-10 ng/ml during the first year after transplantation,
assuming that the combination therapies are MPA and CS after antiCD25 monoclonal antibody
induction [5,8,9].

The ratio of TL/TDD (CD) was reported to be a potential marker supporting the determination
of the necessary daily dose. CD could serve as a potential marker for identifying fast-, slow- and
intermediate-metabolizer patients [10,11]. In addition to being an indicator of the required dose,
patients with low CD (fast metabolizers) were also shown to be associated with worse outcomes, such
as reduced graft survival, faster eGFR decline, higher rejection rates, higher CNI nephrotoxicity and
BK nephropathy [10-12].

Increased daily dose of tacrolimus may increase cardiovascular morbidity and mortality and
may have a direct harmful effect on epithelial cells in the kidney resulting in calcineurin (CNI)
toxicity, deterioration of eGFR, and possible graft loss, increased incidence of infections and cancer.
Beyond the daily dose itself, higher peak level concentrations were suggested as the main factor in
neurotoxicity as well as renal histology defects [12]. CNIs, including tacrolimus, are also known for
resulting and increasing tremor, occurring in 34-54% of patients taking tacrolimus, imposing a
considerable burden on their quality of life. Reducing daily dose for the prevention of tremor is a
major challenge, as an excessive reduction may increase the risk of graft rejection. Several tacrolimus-
sparing methods have been investigated to decrease the toxic effects of tacrolimus, and at the same
time increase patient survival. Due to its better bioavailability, LCPT could also be a choice reducing
the burden of tacrolimus toxicity for patients [12-15].

Mycophenolic acid as the standard immunosuppressant compound and the second generation
mTORi everolimus (EVE) has been proven also to be a promising combination therapy to reduce the
dose of tacrolimus. Corticosteroids are generally used as additional options to complete the
immunosuppressive protocol [16-18].
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Based on the above considerations, a non-interventional, observational study was designed to
assess the efficacy and safety profile of the currently used tacrolimus-containing medications in adult
KT patients, as well as to measure the adherence of the patients in a real-life setting.

Materials and Methods
Study Design and Protocol

This non-interventional study was conducted in two Hungarian transplant centres (Medical
University Clinics of Debrecen and Szeged). The first patient-first visit (FPFV) was in 3rd May 2018,
and the last patient’s last visit (LPLV) was conducted in 31st October 2023. The study was a
longitudinal real-world study of adult patients taking tacrolimus-containing medications.

Patients were enrolled 4-6 weeks after KT. After the baseline visit, six further visits were
performed as part of standard-of-care, during 48 months follow-up period, at 3, 6, 12, 24, 36 and 48
months. Tacrolimus TL was determined at each visit and dosing was modified to ensure the TL was
consistently within the 5-20 ng/ml standard reference range. At each visit the patients were assessed
according to the standard of care, with the relevant parameters recorded.

The study design is depicted in Table .

Table 1. Study protocol flowchart.

Visit number 1 - Baseline 2 3 4 5 6 7 - End of Study
Schedule since Baseline 0 3 6 1 o4 36 48
(months)
Simple visit X X
Complex visit Baseline X X X X

Baseline visit contains: patient identification number, medical history, age, gender, height,
education, family, education and social background, date of transplantation, type of transplantation,
HLA A B C DR DQ mismatch number, baseline disease, comorbidities, dialysis time, dialysis type,
induction therapy, tacrolimus therapy, applied tacrolimus total daily dose, further medication for
immunosuppressive combination, DSA, systolic blood pressure, diastolic blood pressure, heart rate,
weight, BMI, tacrolimus trough level, CD, panel reactive antibody, hematology and blood chemistry
(including renal parameters: creatinine, urea and eGFR, ion levels, liver profile, lipid profile, CRP,)
urinalysis, renal ultrasound according to local standard-of-care.

Complex visits: type of tacrolimus medication, applied tacrolimus total daily dose, further
medication for immunosuppressive combination, DSA, systolic blood pressure, diastolic blood
pressure, heart rate, weight, BMI, tacrolimus trough level, CD, hematology and blood chemistry
(including renal parameters: creatinine, urea and eGFR, ion levels, liver profile, lipid profile, CRP,)
urinalysis, renal ultrasound, mortality, graft loss, biopsy-proven acute rejection, lost to follow-up,
infections (viral, bacterial), malignity, adverse events, BAASIS questionnaire according to local
standard-of-care.

Simple visits: type of tacrolimus medication, applied tacrolimus total daily dose, further
medication for immunosuppressive combination, systolic blood pressure, diastolic blood pressure,
heart rate, weight, BMI, tacrolimus trough level, CD, hematology and blood chemistry (including
renal parameters: creatinine, urea and eGFR, ion levels, CRP) urinalysis, renal ultrasound, mortality,
graft loss, biopsy-proven acute rejection, lost to follow-up, infections (viral, bacterial), malignity,
adverse events, BAASIS questionnaire according to local standard-of-care.

Study Population

Adult KT recipients receiving oral tacrolimus as part of the triple maintenance
immunosuppressant treatment at the study centres were eligible to be enrolled.
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Other inclusion criteria were as follows: signed informed consent, age above 18 years, without
contraindication for taking any formulas of tacrolimus based on the summary of product
characteristics (SmPC), KT 4 - 6 weeks before the enrolment, tacrolimus-based immunosuppressant
therapy already initiated at least 4 weeks before enrolment, patients receiving tacrolimus medication
as a part of triple combination for maintenance immunosuppressive therapy as per local protocol
(MPA/mycophenolate mofetil (MMF)+ CS or mTOR inhibitor + corticosteroids given in combination
with tacrolimus).

Exclusion criteria were: contraindications in the SmPC of the tacrolimus-containing medications;
failure to achieve stable TL (5-20 mg/ml during the first three months after KT and 5-15 ng/ml after
three months; infection within 2 weeks before enrolment, acute rejection, graft dysfunction or surgical
complications influencing graft function (graft blood supply disorder, ureter anomaly),
hospitalization due to drug reaction; taking medication/medications known to affect tacrolimus
levels within one week before study enrolment, or the need for long-term use of such
medication/medications; kidney transplanted from an ABO incompatible donor; over 30 hours of
cold-ischaemic time before implantation of the donor organ; hypersensitivity to tacrolimus; known
pregnancy at enrolment.

Objectives

The objective of the study was to assess the efficacy of tacrolimus maintenance treatment and
patient adherence.

TL, TDD, and change in eGFR were observed as the primary efficacy endpoints of the study.

Secondary efficacy endpoints included incidence of acute rejection, graft failure, vital
parameters, routine laboratory parameters, and dose adjustments.

Safety parameters included incidence of viral and other infections and mortality.

Variables

Parameters were assessed as part of standard-of-care using the local equipment and procedures
of the transplant centres.

Systolic and diastolic blood pressure and heart rate were measured by standard international
protocols after 10 minutes of rest in the study centres” outpatient office.

Tacrolimus TL was measured by standardized immunoassay.

Standard laboratory methods were applied for measuring routine parameters, such as blood
count (fluorescent flow cytometry), kidney function and liver function parameters, lipid profile and
CRP, metabolic parameters, and urine protein level (photometric and immunochemistry methods);
while measurements of ion levels were completed by using of ion-selective electrodes.

Further routine laboratory parameters were determined by means of standardized assays.
Fasting blood glucose, HBAlc, lipid profile (triglyceride, cholesterol, LDL-cholesterol, HDL-
cholesterol), renal function parameters (eGFR, creatinine, CN — blood urea nitrogen). EGFR was
determined by CKD EPI formulas suggested by KDIGO.

Patient adherence was assessed using the Basel Assessment of Adherence to
Immunosuppressive Medication Scale (BAASIS) questionnaire. The BAASIS questionnaire is a
validated measure of medication adherence, by the method of patient interview. [19] In the adherence
visual analog scale (VAS) (of 0-100) a score above 80 was assessed as sufficiently adherent.

Addressing Potential Sources of Bias

The patients received standard maintenance immunosuppression as per current local protocols
after KT. Patients were enrolled in the study after signing informed consent forms. Due to the
observational nature of the study, treatment was guided by the physicians” usual practice and not
influenced in any way, fulfilling the criteria of a non-interventional study. In the real-life setting,
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randomization could not be implemented, therefore selection bias could not be ruled out and must
be considered while interpreting the results.
There were no systemic differences in outcome measurements between groups and the protocol
was planned considering the patient standard-of-care to avoid detection bias throughout the study.
Missing values were not replaced and were reported as missing.

Statistical Analysis

Descriptive analysis was performed for numerical variables: mean, standard deviation (SD),
median minimum and maximum values; for categorical variables: number and percentage of patients
were calculated. The random effect model was used to assess the estimation of the potential effects
of different predictors on TDD, TL and CD ratios.

No official statistical hypothesis testing or power analysis had been performed beforehand. All
derived statistical tests and calculated confidence intervals were evaluated in an exploratory method.
The vital parameters were presented using descriptive statistical methods (n, mean, SD, median,
range) in relation to the observed values. The laboratory test results were presented with descriptive
statistical methods (n, mean, SD, median, IQR) in relation to the observed values.

P<0.05 was considered as statistically significant. During the statistical analysis the “R” version
4.3.1 evaluation program was applied in processing the data.

Mixed models were used to assess the estimation of the association of different predictors with
TDD, TL, CD ratios and eGFR. The random intercept was the patient, among the explanatory
variables were type of tacrolimus product, immunosuppressive combination product, gender, time
from the start of the study, time between the transplantation and the start of the study, distance from
the residential address, log-creatinine value, presence of diabetes and their paired interactions in the
full model. We selected a simpler model by removing non-relevant interactions and variables.

Results

A total of 71 patients were enrolled in the study by the 2 study centres. Patient treatment was
determined according to the local standard of care. A total of 40 patients (56.34%) were treated with
LCPT; 23 (32.39%) were treated with IRT; and a further 8 patients (11.27%) were treated with ERT.
Due to the low number, ERT patients were not included in the statistical analysis, therefore all
numbers in further analyses reflect the LCPT and IRT arms only, including a total of 63 patients.

During the long-term follow-up of the study, the COVID-19 pandemic had a major impact on
the care of immunosuppressed patients. Many outpatient visits were postponed in this period, and
later patient care returned to the usual standards during the long-term follow-up. Nevertheless, these
changes affected the recording of certain laboratory parameters, resulting in multiple missing data,
making the interpretation of some secondary endpoints difficult.

Baseline Characteristics

63 patients were included in the statistical analysis (age 53.35 + 11.85 years; males n=41 (65.08%)).
49 patients (77.78%) were enrolled at the University Clinic of Debrecen, and 14 patients (22.22%) at
the University Clinic of Szeged.

Each patient enrolled in the study had already received IRT tacrolimus medication for at least 4
weeks, 40 patients (63.49%) were enrolled in the LCPT arm and 23 (36.51%) continued maintenance
treatment in the IRT arm. Most of the patients received MPA or MMF in both arms as per the standard
of care. 1 patient in the IRT arm received mTORIi as a second immunosuppressant, while in the LCPT
arm initially 2 patients received mTORi (the numbers varied during the study, the highest were 6
patients on mTORIi at 36 months). There were no significant differences between the treatment arms
in either type of mycophenolate combinations or its doses.

Demographic characteristics (age, gender, height) were similar in both treatment arms. For the
majority of the patients (n=55; 87.3%) this was their first kidney transplantation, while there were a
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few cases (n=7; 11.11%) of second transplantation, and a single patient (1; 1.59%) received the third
transplantation. The distribution was similar between study centres and treatment arms. Almost all
patients (62; 98.41%) received a kidney from a cadaver donor, with a single case (1; 1.59%) of living
donor transplant. Patient education levels ranged from primary school to university degree with a
similar distribution in both arms; the same was observed according to employment conditions:
during the observation period 30.16% of patients had full-time jobs, 25.4% of patients received social
care due to disability status, other patients with part-time jobs. Patients with unemployed status and
retired patients were enrolled also. There were no significant differences in the results, based on the
patients’ inhabitation distance from transplant centres.

Among the clinical characteristics, there were no significant differences between treatment
groups regarding diastolic blood pressure, pulse rate, weight, height, BMI, type of dialysis preceding
KT, matching HLA antibodies, underlying diseases, incidence of delayed graft function after KT,
clinical laboratory parameters (ALT, serum Na, K, Cl, glucose, HbAlc, BUN, GOT, GPT, GGT,
bilirubin, ALP, LDH, triglyceride, cholesterol, white blood cell and platelet count, CRP, urine
parameters including proteinuria and urine ACR ratio).

Baseline differences were observed in some parameters between the two arms. Systolic blood
pressure was higher in the LCPT group (146.95 Hgmm, SD: 19.09) compared to the IRT arm (137.39
Hgmm, SD: 16.3) p = 0.0404. Time spent with dialysis was longer in the IRT arm (61.90 months SD:
35.35) versus the LCPT arm (34.92 months, SD: 25.44) p = 0.0042. Almost all patients participating in
the study received induction therapy after transplantation (1 -1 patient in each arm were an exception
from this rule). While in the LCPT arm 79.49% received anti-thymocyte globulin (ATG), and 20.51%
basiliximab; in the IRT arm 50-50% of the patients received ATG and basiliximab.

Baseline creatinine and eGFR levels were significantly different between the two arms: mean
creatinine level in the LCPT arm was 148.98 pumol/1 (SD: 52.24), for IRT 119.22 pmol/1 (SD: 30.34) p =
0.0058, while mean eGFR for LCPT arm was 46.55 ml/min/1.73m2 (SD: 17.04), for IRT arm 58.52
ml/min/1.73m2 (SD: 16.69) p = 0.0091. Haemoglobin and red blood cell count were higher in the IRT
arm, with hemoglobin: 128.48 g/, SD: 17.08, and red blood cell count: 4.29 T/1, SD: 0.72; LCPT arm
hemoglobin: 116.38 g/l, SD: 12.54, red blood cell count: 3.89 T/I, SD: 0.45; p = 0.0053 and 0.024
respectively.

During Visit 1 tacrolimus TL values did not show significant differences between LCPT and IRT
treatment groups (LCPT: 11.76 ng/ml, SD: 4.69; IRT: 10.22 ng/ml, SD: 3.22; p =0.1299); while TDD was
significantly lower in the LCPT arm (LCPT: 6.24 mg, SD: 2.83 ; IRT: 8.96 mg, SD: 3.4; p = 0.0024)
resulting in a significantly higher CD in the LCPT arm (LCPT: 2.25 (ng/ml)/mg, SD: 1.18 ; IRT: 1.30
(ng/ml)/mg, SD: 0.63; p =0.0001).

A summary of Baseline characteristics is depicted in Table .

Table 2. Baseline characteristics.

Variables All LCPT IRT p-value
Recipient specific factors
n (%) 63 (100%) 40 (63.49%) 23 (36.51%) NA

Age (year) 53.35 (+11.85) 54.05 (+12.25) 52.13 (+11.28) 0.5315

Gender (males, %) 41 (65.08%) 26 (65.0%) 15 (65.22%) 1.000
Height (cm) 170.29 (+8.82) 169.88 (+8.22) 171.00 (+9.92) 0.6476

Systolic blood pressure (Hgmm) 143.46 (+18.58) 146.95 (+19.09) 137.39 (+16.30) 0.0404
Diastolic blood pressure (Hgmm) 83.33 (+12.18) 83.45 (+11.33) 83.13 (x13.80) 0.9254
Pulse (/min) 86.33 (+17.15) 84.70 (+15.03) 89.17 (+20.37) 0.3641

Weight (kg) 76.76 (£13.6) 75.73 (£12.17) 78.55 (+15.91) 0.4774

BMI (kg/m?2) 26.52 (£3.88) 26.28 (£3.70) 26.93 (+4.23) 0.5541
Education level (n, %) 0.3038

Elementary school 11 (17.46%) 8 (20%) 3 (13.04%)

Apprenticeship

23 (36.51%)

11 (27.50%)

12 (52.17%)
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Variables All LCPT IRT p-value
High school 18 (28.57%) 13 (32.5%) 5 (21.74%)
University 11 (17.46%) 8 (20%) 3 (13.04%)
Work circumstances (n, %) 0.1869
Full time 19 (30.16%) 15 (37.5%) 4 (17.39%)
Part-time 6 (9.52%) 3 (7.5%) 3 (13.04%)
Unemployed 4 (6.35%) 2 (5%) 2 (8.7%)
Disabled 16 (25.40%) 7 (17.5%) 9 (39.13%)
Retired 18 (28.57%) 13 (32.5%) 5 (21.74%)
Social environment (n, %) 55 (87.3%) 34 (85%) 21 (91.3%) 0.6977
In family
Pistance between home and the 81.71 (x45.08) 86 (x44.01) 74.24 (+46.49) 0.3328
Transplant Centre (km)
Blood parameters
Na (mmol/1) 138.46 (+3.2) 138.32 (+3.38) 138.70 (+2.90) 0.6481
K (mmol/l) 4.69 (+0.61) 4.70 (+0.65) 4.68 (+0.56) 0.9145
Cl (mmol/l) 104.21 (+4.02) 103.95 (+4.11) 104.65 (+3.93) 0.5049
Glucose (mmol/l) 6.27 (+2.95) 6.2 (+2.63) 6.39 (+3.50) 0.8235
HbA1C (%) 5.61 (+0.86) 5.67(+0.68) 5.52 (+1.09) 0.6512
Creatinine (umol/l) 138.11 (+47.46) 148.97 (+52.24) 119.22 (+30.34) 0.0058
Urea (mmol/l) 9.08 (+3.3) 9.62 (+3.58) 8.14 (+2.55) 0.0614
GFR (ml/min/1.73m?) 50.92 (£17.75) 46.55 (£17.04) 58.52 (+16.69) 0.0091
GOT (U/) 13.9 (+6.07) 13.77 (x6.64) 14.14 (+4.97) 0.8067
GPT (U/) 26.07 (+19.3) 24.33 (+15.42) 29.29 (+25.11) 0.4168
GGT (U/1) 46.55 (+41.97) 49.38 (+50.12) 41.29 (£19.43) 0.3763
Total bilirubin (umol/l) 7.68 (+3.35) 7.41 (3.41) 8.22 (+3.26) 0.3796
ALP (U/]) 94.65 (+51.22) 87.59 (+29.95) 107.76 (+75.88) 0.2537
LDH (U/l) 244.89 (£53.47) 244.88 (£52.58) 244.90 (+55.81) 0.9988
Triglyceride (mmol/l) 2.1 (x1.14) 2.1 (x1.25) 2.1 (x0.93) 0.9989
Total cholesterol (mmol/l) 5.32 (+1.28) 5.27 (£1.31) 5.42 (+1.25) 0.6861
LDL cholesterol (mmol/1) 3.05 (+1.12) 2.94 (£1.12) 3.24 (+1.12) 0.3478
HDL cholesterol (mmol/l) 1.63 (+0.44) 1.64 (+0.42) 1.60 (+0.50) 0.7595
Hgb (g/1) 120.79 (+15.39) 116.38 (+12.54) 128.48 (+17.08) 0.0053
RBC (T/) 4.04 (x0.59) 3.89 (+0.45) 4.29 (x0.72) 0.024
RDV (%) 14.86 (+1.02) 14.84 (+0.94) 14.91 (+1.16) 0.8033
WBC (Giga/l) 8.22 (+2.56) 8.04 (+2.40) 8.53 (+2.84) 0.4986
Platelets (Giga/l) 221.7 (71.93) 224.95 (+75.72) 216.04 (+66.04) 0.6267
CRP (mg/) 4.2 (£8.22) 3.08 (+3.74) 6.15 (+12.62) 0.2655
Urine parameters
pH 5.7 (+0.55) 5.7 (+0.55) 5.7 (x0.57) 0.9759
Protein-quantitative (g/1) 0.13 (£0.22) 0.13 (£0.18) 0.14 (+0.26) 0.8338
Albumin-creatine ratio (mg/mmol) 10.89 (+21.35) 10.38 (+18.74) 12.17 (+27.75) 0.8403
Protein-creatinine ratio (mg/mmol) 43.31 (+45.11) 51.88 (+49.35) 32.77 (£38.55) 0.252
Urine culture (positive) 11 (17.46%) 2 (5%) 9 (39.13%) 0.0005
Comorbidities (yes n, %)
Previous heart attack 1 (1.59%) 0 (0%) 1 (4.35%) 0.3503
Congestive heart failure 1 (1.59%) 0 (0%) 1 (4.35%) 0.3503
Peripheral vascular disease 6 (9.52%) 5 (12.50%) 1 (4.35%) 0.3913
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Variables All LCPT IRT p-value
Cerebrova?scular disease without 8 (12.7%) 6 (15%) 2 (8.70%) 0.6977
residual symptoms
Cerebrovascu.lar di.sease with 2 (3.17%) 1(2.50%) 1(435%) 1
hemiplegia
Chronic lung disease 8 (12.7%) 3 (7.50%) 5 (21.74%) 0.1209
Connective tissue disease 1 (1.59%) 0 (0%) 1 (4.35%) 0.3503
Peptic ulcer 3 (4.76%) 2 (5.00%) 1 (4.35%) 1
Mild liver disease 3 (4.76%) 1 (2.50%) 2 (8.70%) 0.5427
Moderate or severe liver disease 1 (1.59%) 1 (2.50%) 0 (0%) 1
Diabetes - no complications 2 (3.17%) 1 (2.50%) 1 (4.35%) 1
Diabetes with complications 8 (12.7%) 4 (10%) 4 (17.39%) 0.4393
Tumour. leucaemia or lymphoma 1 (1.59%) 1 (2.50%) 0 (0%) 1
Charlson comorbidity index (points) 2.92 (+ 1.25) 2.83 (+1.32) 3.09 (+1.12) 0.4076
Transplant specific factors
Number of kidney transplants (n, %) 0.8186
First kidney transplant 55 (87.3%) 34 (85%) 21 (91.3%)
Second kidney transplant 7 (11.11%) 5 (12.5%) 2 (8.7%)
Third kidney transplant 1 (1.59%) 1(2.5%) 0 (0%)
Origin of transpla;t;sd organ (cadaver, 62 (98.41%) 39 (97.5%) 23 (100%) 1
Previous member of chronic dialysis 59 (93.65%) 38 (95.00%) 21 (91.3%) 0.6222
program (yes, %)
Previously time spent on dialysis 44.53 (+31.84) 34.92 (+25.44) 61.90 (+35.35) 0.0042
(months)
Previous dialysis type (peritoneal
o 17 (28.81%) 14 (36.84%) 3 (14.29%) 0.1257
dialysis, %)
HLA-A mismatch (n, %)
HLA-A 0.084
HLA-A 0 11 (17.46%) 4 (10%) 7 (30.43%)
HLA-A1 43 (68.25%) 31 (77.5%) 12 (52.17%)
HLA-A 2 9 (14.29) 5 (12.5%) 4 (17.39%)
HLA-B 0.3533
HLA-BO 20 (31.75%) 13 (32.5%) 7 (30.43%)
HLA-B1 30 (47.62%) 21 (52.5%) 9 (39.13%)
HLA-B2 13 (20.63%) 6 (15%) 7 (30.43%)
HLA-C 0.1769
HLA-CO 24 (38.10%) 13 (32.5%) 11 (47.83%)
HLA-C1 29 (46.03%) 22 (55%) 7 (30.43%)
HLA-C2 10 (15.87%) 5 (12.5%) 5 (21.74%)
HLA-DR 0.1624
HLA-DR 0 12 (19.05%) 7 (17.5%) 5 (21.74%)
HLA-DR 1 26 (41.27%) 20 (50%) 6 (26.09%)
HLA-DR 2 25 (39.68%) 13 (32.5%) 12 (52.17%)
HLA-DQ 0.1059
HLA-DQ1 11 (17.46%) 7 (17.5%) 4 (17.39%)
HLA-DQ1 21 (33.33%) 17 (42.5%) 4 (17.39%)
HLA-DQ 2 31 (49.21%) 16 (40%) 15 (65.22%)
Previous circulating antigen before 10 (15.87%) 7 (17.5%) 3 (13.04%) 0.7341
present transplant (yes, %)
Pretransplant DSA (yes, %) 4 (7.02%) 1(2.7%) 3 (15%) 0.1184
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Variables All LCPT IRT p-value
Delayed Graft Function (yes, %) 12 (19.05%) 8 (20%) 4 (17.39%) 1
Baseline treatment data
Recelv?d 1nduct19n thera}?)y for this 61 (96.83%) 39 (97.5%) 22 (95.65%) 1
implantation (yes, %)
Induction therapy 0.0357
Basiliximab 19 (31.15%) 8 (20.51%) 11 (50%)
ATG 42 (68.85%) 31 (79.49%) 11 (50%)
Tacrolimus TDD (mg) 7.23 (+3.3) 6.24 (+2.83) 8.96 (+ 3.40) 0.0024
Tacrolimus TL (ng/ml) 11.2 (£4.25) 11.76 (+ 4.69) 10.22 (£3.22) 0.1299
CD: TL/TDD ratio (ng/ml)/mg 1.91 (+1.11) 2.25 (x1.18) 1.30 (+0.63) 0.0001
Time between the last dose of tacrolimus
1277.14 (£348.07 1520.62 (+116.22 .70 (+149.11
and blood draw (min) (+348.07) 520.62 (£116.22) 853.70 (x149.11) 0
second immunosuppressant 0.0917
mycophenolate mofetil 23 (36.51%) 11 (27.5%) 12 (52.17%)
mycophenol acid 40 (63.49%) 29 (72.5%) 11 (47.83%)
daily dose of mycophenol (mg) 1360.95 (+536.75) 1253 (+444.58) 1548.7 (+635.20) 0.0566
transplanted kidney US-RI value 0.69 (+0.12) 0.70 (x0.09) 0.67 (x0.16) 0.4688
1 ki li
transplanted lctryl?s’ i}o)norma ityonUS 54 (57.63%) 19 (51.35%) 15 (68.18%) 0.3209
transplanted kidney biopsy (yes, %) 6 (9.52%) 5 (12.5%) 1 (4.35%) 0.3988
First biopsy type (indicated) 3 (50%) 3 (60%) 0 (0%) 1
Adherence
Patient agrees' to co'mplete ttle BAASIS 59 (93.65%) 36 (90%) 23 (100%) 0.2744
questionnaire (yes, %)
i ing the last 4
Missed any dose durl(r)lgt e last 4 weeks 1(1.72%) 0 (0%) 1(435%) 0.3833
(yes, %)
Patient adheremfoso‘;lf'asseSsment (of 99.12 (+3.26) 99.69 (+1.18) 98.26 (+4.91) 0.1848
Statistically significant differences (p<0.05) are highlighted in bold text.
Outcomes
A total of 63 patients started the study in the IRT and LCPT arms. During the 4-year follow-up
period, 13 patients did not finish the study: 6 patients died; further 7 patients were lost to follow-up
(11 in the LCPT arm and 2 in the IRT arm), and in the case of 11 patients the formulation of tacrolimus
medication was changed during the study period (of 3 in the LCPT arm and of 8 in the IRT arm).
After the maintenance therapy change, their data were not included in the statistical analysis. A total
number of 39 patients (combined in the IRT and LCPT arms) finished the study according to protocol.
Table . shows the numbers of patient disposition.
Table 3. Patient disposition per study centre and treatment.
Centre/arm Timin Debrecen centre Szeged centre Total
Visits 8 LCPT IRT LCPT IRT
.. 0 months
Visit 1 (4-6 weeks after KT) 26 23 14 0 63
Visit 2 3 months 24 23 14 0 61
Visit 3 6 months 23 21 14 0 58
Visit 4 12 months 22 21 14 0 57
Visit 5 24 months 20 18 12 0 50
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Visit 6 36 months 19 13 12 0 44
Visit 7 48 months 14 13 12 0 39

BMI

The body weight and BMI of the patients increased during the first year. After this period, it was
stable in the LCPT arm, while continued to increase in the IRT arm. In the mixed model analysis BMI
showed to be associated with type of tacrolimus treatment, time from start of study, time between
transplantation and study start, and logarithm of blood creatinine.

34 -
32-
30- Tacrolimus
)
=]
E LCPT
— IRT
28-
26-

0 3 6 12 24 36 48
Month

Figure 1. BMI mean and 95% CI during the study.

Renal function

An unplanned significant difference in renal function (eGFR and creatinine) was observed
between the arms at baseline.

Baseline creatinine values in the LCPT arm were: 148.97 pumol/l, SD: 52.24; IRT: 119.22 umol/l,
SD: 30.34, p = 0.0058. During the follow-up visits creatinine values showed a quick decrease, but this
trend changed after kidney function restoration at 6 months for the IRT arm, while it proved to be
more stable in the case of LCPT patients, as shown in Figure .

eGFR baseline values in the LCPT arm were: 46.55 ml/min/1.73m?2, SD: 17.04; in the IRT arm:
58.52 ml/min/1.73m?, SD: 16.69, p = 0.0091. During the follow-up period eGFR increased in the LCPT
arm and decreased in the IRT arm, resulting in almost identical eGFR values at the end of the follow-
up (LCPT: 51.31, SD: 24.35; IRT: 52.46, SD: 19.11), as shown in Figure .

The mixed-model analysis showed that eGFR correlated with time from the start of the study
and the type of tacrolimus maintenance treatment. eGFR = 46.99 + 10.9*d(IRT) + 0.07*month -
0.14*month*d(IRT). With LCPT the model showed a yearly 0.84 increase, while a similar decrease for
the IRT arm.
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Figure 2. Creatinine mean value and 95% CI during the study.
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Figure 3. eGFR mean value and 95% CI during the study.

Immunosuppressive Profile of Tacrolimus

Tacrolimus Total Daily Dose
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Tacrolimus TDD was higher in the IRT group (8.96 mg, SD: 3.40) at baseline, compared to the
LCPT patients (6.24 mg, SD: 2.83) p = 0.0024. In both arms, the doses decreased steeply during the
first 3-6 months and continued with a slower decrease during the follow-up period, while
maintaining the initial difference. In the LCPT arm, daily dose reduction was observed during the
first 3 months (with a 4.18 mg mean TDD), and a steady but slower decline was observed from this
point to an average of 2.61 mg TDD at 48 months. In the IRT arm, the daily dose reduction continued
(though to a smaller degree) until month 6 (with 5.93 mg at 3 months and 5.33 mg at 6 months). From
this time point, a steady, slow decline was observed with a slight increase at the final visit. Figure

The mixed-model analysis of TDD over the time period showed that the logarithm of TDD was
related to tacrolimus medication type and the logarithm of time since the start of the study, using the
following equations: TDD = 5.42*(month + 1)023 for LCPT and TDD = 5.42*(month + 1)023*1.41 for

IRT.
9 -
Tacrolimus
[h]
=}
E . LCPT
— IRT
3 -

0 3 &6 12 24 36 48
Month

Figure 4. Tacrolimus TDD mean and 95% CI during the study.

Tacrolimus Trough Level

There was no significant difference in tacrolimus TL between the treatment groups at baseline.
In both arms a lower TL was achieved in the long-term. IRT medication achieved a steady TL by
Visits 3-4 and remained relatively stable from this point. LCPT medication achieved a steady TL
earlier, already at Visit 2, and remained at this level during the follow-up period. (Figure ) The mixed-
model analysis showed that TL was in correlation with the type of tacrolimus therapy, the second
combination immunosuppressant, gender, and creatinine (renal function). TL was slightly higher for
LCPT and was reduced by a 0.68 multiplier if the patients received mTORi as a combination
immunosuppressant.
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Figure 5. Tacrolimus TL mean and 95% CI during the study.

CD: TL/TDD ratio

The CD ratio showed a significant difference at baseline: LCPT 2.25 (ng/ml)/mg, SD: 1.18; IRT
1.30 (ng/ml)/mg, SD: 0.63, p = 0.0001. In both arms, CD increased over time, and the difference
between the arms was maintained during the follow-up period. Figure

By the mixed-model analysis, CD corresponded with the formulation of tacrolimus maintenance
therapy and increased over time. CD = 2.54 - 0.96*5(IRT) + 0.03*month — 0.62*d (mTORi) has shown
that CD increased yearly with an average of 0.36; was 0.96 times lower for IRT treatment and 0.62
times lower for patients receiving mTORI.
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Figure 6. Tacrolimus CD mean value and 95% CI during the study.
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Tacrolimus
LCPT
— IRT

In Table 1. TDD, CD and eGFR data based on the results of mixed-model analysis is summarized

by graphic visualization to show the tendency of change: the highest values are marked with green,

and the lowest with yellow. Combination with mTORi was shown to have a significant effect on the
CD ratio, the numbers in the table reflect the model for patients who did not receive mTORIi.

Table 1. Summary table: results of the mixed-model analysis on tacrolimus TDD, CD, and eGFR during the

study period.
Months 0 3 6 12 24 36 48

DD LCPT 5.42 3.94 3.46 3.00 2.59 2.36 2.21
IRT 7.64 5.56 4.88 4.24 3.64 3.33 3.12

CcD* LCPT 2.54 2.63 2.72 29 3.26 3.62 3.98
IRT 1.58 1.67 1.76 1.94 2.3 2.66 3.02

oGFR LCPT 46.99 47.20 47.41 47.83 48.67 49.51 50.35
IRT 57.89 57.47 57.05 56.21 54.53 52.85 51.17

* for patients who were not treated by mTORi

In each category yellow is the lowest, and green is the highest value

Treatment adherence

Excellent adherence to immunosuppression medication was observed during the study based
on the BAASIS questionnaire. Patient adherence scores on a 100 VAS scale in the LCPT arm were
with a minimum of 90-99 and, maximum 100 (median 100) during the study; in the IRT arm with a
minimum of 80-100, a maximum of 100 (median 100) during the study period. Patients in both arms
were adherent in taking the anti-rejection medication based on the questionnaire.

Safety
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During the long-term follow up 6 patients died in the LCPT arm (causes: cardiac arrest, pancreas
tumor, stroke, Hepatitis B reactivation, 2 unknown reasons) all reported cases were on the LCPT arm
and were assessed by the study investigators as not related to study medication. A total of 36 adverse
events were reported, 30 in the LCPT arm, and 6 in the IRT arm. 27 of these were serious adverse
events, 24 in the LCPT arm and 3 in the IRT arm. No serious unexpected drug reactions were reported
during the study.

There was a total of 4 BK viremia cases in 3 patients in the LCPT arm, and 2 cases in 2 patients
in the IRT arm. 1 case of CMV viremia was reported in the LCPT arm and 1 during IRT treatment. In
the LCPT arm, 10 patients were reported with 12 cases of other infections, and 3 patients with total
of 4 infections in the IRT arm.

Due to the low patient and event numbers, comparisons of infection events between the two
treatment arms were not possible for statistical analysis.

The incidence of biopsy-proven acute rejection was 3 patients in the LCPT arm, and none was
observed in the IRT arm. Due to the low case numbers, the difference is well within random variation.

No graft failure was recorded on either arm.

Due to the low case numbers, neither survival analysis, nor logistic regression was performed.

Discussion

This observational study provides valuable long-term real-world data on the treatment of KT
patients. Baseline demographic data show that patients from a wide social background are eligible
for kidney transplantation in Hungary due to the national social insurance policy.

There were differences observed in the baseline characteristics among the patients in the two
arms: renal function (eGFR and creatinine), and haematology status (red blood cell count,
haemoglobin, and blood pressure) showed significantly less favourable values in the LCPT group.
According to the KDIGO guideline, ATG is preferred for patients with a higher immunology risk,
which is reflected in the predominant ATG induction therapy in the LCPT arm [3]. On the other hand,
time spent with dialysis was significantly less in the LCPT arm, which is a major factor influencing
patient mortality and graft survival [20,21]. These initial differences indicate that selection bias could
not be excluded and should be considered while interpreting the results.

The mortality rate in the LCPT arm was close to, but somewhat higher than 10%, as reported in
literature among kidney transplant patients treated with tacrolimus [22]. Although mortality cases
were only reported in the LCPT arm, due to the low case numbers the difference is well within
random variation (p = 0.1645 with Fischer’s exact test). This could have also been influenced by the
worse patient baseline characteristics observed in the LCPT arm.

LCPT and IRT both proved to be efficient for the long-term immunosuppressive maintenance
treatment of KT patients. Both IRT and LCPT maintenance treatment achieved stable therapeutic TL
after the first few months of the transplantation. In both arms beyond the initial months, TL remained
stable throughout the 4-year follow-up period. TL was somewhat lower in the LCPT arm (mean value
at 7.75-8.72 ng/ml from 3 months) than in the IRT arm (mean value at 7.05-7.96 ng/ml from 6 months),
but both were within the therapeutic range. The steady state of TL was achieved already at 3 months
(4-5 months after the transplantation) for LCPT patients, while in the IRT arm, the steady state of TL
was achieved at 6-12 months.

Due to its potential side effects, tacrolimus sparing is an important consideration during
immunosuppressant maintenance treatment. Due to its better bioavailability, LCPT formulation is
known to require lower TDD to achieve the same TL. Furthermore, the peak-to-peak fluctuations
during 24 hours are 30% lower in the case of LCPT medication, compared to IRT or ERT formulations.
LCPT also shows fewer fluctuations between trough and peak levels, in comparison to other
formulations and a prolonged time to maximum concentration [23]. During our study the therapeutic
TL levels required 30% lower TDD with LCPT which is in line with the SMPC. Additionally, LCPT
combined with mTOR inhibitors is further supported to reduce the TDD and thereby can be an
additional option for tacrolimus-sparing combination therapy (regardless of tacrolimus formulation).
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The ratio of TL/TDD, or CD may be used for two separate assessments. It can be used as a value
to characterize the patient’s tacrolimus metabolism, which shows significant interpatient differences.
Tacrolimus metabolism is affected by age, sex, and BMI and others. It is mainly metabolized by
cytochrome P450 enzymes (CYP3A4 and CYP3A5) and glycoprotein P. Patients expressing
CYP3A5*1 are generally characterised as fast tacrolimus metabolizers, while slow metabolizers
mostly express CYP3A5*3; with the metabolism rate usually decreasing with age in both groups [24].
For fast metabolizers significantly higher TDD is required to achieve the same TL, therefore these
patients are characterized by a lower CD ratio. A lower CD ratio is associated with delayed graft
function, higher rejection rate, more frequent and severe drug reactions, and mortality [10,11]. During
the conduct of the study CYP 3A5 genotyping was not performed in routine patient care. Moreover,
due to the low case numbers, no subgroups could have been formed based on patient CD values
during statistical analysis. Therefore, this specific aspect could not be further assessed but can be an
interesting area for further research.

Another use of the CD ratio is to characterize the treatment formula: the higher the CD ratio, the
lower the tacrolimus burden for the patients. Consistent with the differences in TDD (with a very
similar TL) it was observed that CD increased in both groups in the observation period and was
higher in the LCPT group. CD ratio was further increased in patients receiving mTORi, underlining
the importance of combination therapy as additional potential for tacrolimus sparing.

Renal toxicity is one of the major concerns of calcineurin inhibitors. Acute renal toxicity can be
observed shortly after kidney transplantation and is potentially reversible with lower drug levels.
Tacrolimus is associated with vasoconstriction of the afferent arterioles in the glomerulus of the
kidney. Another reported harmful effect of tacrolimus is to cause progressive chronic, irreversible
interstitial fibrosis and tubular atrophy, which contribute to the outcome of poor graft function [25].

During our study patients in the LCPT arm showed an improvement in renal function over time,
despite starting from a lower baseline eGFR level, in contrast to the eGFR deterioration in the IRT
arm. This result is in line with the observation of other studies. This may be due to the lower
tacrolimus dose, resulting in less renal toxicity and a recovery of kidney function. Several possible
explanations have been hypothesized to explain the nephron-protective properties of LCPT: lower
TDD, and a more balanced PK profile resulting in a lower peak serum concentration (Cmax); the
smaller Cmax/Cmin fluctuation ratio; and/or the reduced cumulative tacrolimus dose [14,26-29]. An
important question for future research is which characteristics define or trigger tacrolimus-related
adverse drug reactions.

This real-life longitudinal study provided valuable data on Hungary’s standard-of-care
treatment for kidney transplant patients. Patients from different educational backgrounds (from
primary school education to university level) and social background (unemployed, pensioners,
disability pensioners, and full-time employees) were included in the 4-year observation after kidney
transplant surgery.

Despite its results, the study has certain limitations, due to its observational nature, meaning
only data available through standard-of-care were available. Lack of randomization resulted in an
initial selection bias resulting from the real-life setting. Baseline renal and haematological differences
indicate that despite no differences in the treatment guidelines, physicians tend to treat a more severe
patient population with LCPT. Furthermore, the low case numbers and only two study centres
contributed to lower power and the possible underestimation of the differences between the two
groups. Low patient numbers also meant that subgroup analysis was not possible during the study.
The effect of the COVID-19 pandemic situation should be mentioned among the limitations. (to
minimize the risk of possible viral infection to the immunosuppressed patients during the visits, only
the most important laboratory procedures have been performed, thus reducing the numbers of the
recorded parameters in this period.

In conclusion, it was observed that both LCPT and IRT were effective for long-term
immunosuppressive maintenance treatment in KT patients and maintained a stable TL. The use of
LCPT required a 30% lower TDD compared to IRT to achieve the therapeutic TL. Furthermore, a slow
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deterioration of eGFR was observed (mean decrease of 6.06 ml/min/1.73m? over 4 years) in the IRT
arm, in contrast to the LCPT arm where the eGFR increased by a similar magnitude (4.76
ml/min/1.73m?). The results suggest that LCPT might serve as a valuable choice for tacrolimus
sparing and reducing calcineurin-induced nephrotoxicity.

Supplementary Materials: The following supporting information can be downloaded at the website of this
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