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OPERATIONAL DEFINITIONS:

Dose-adjusted tacrolimus trough concentration (Co/D) ratio — An index derived by dividing the
tacrolimus trough concentration by the total tacrolimus daily dose (mg). This is used to classify patients
into 3 groups according to their capacity to metabolise tacrolimus.

Delayed allograft function - Reversion to dialysis within the first week of transplantation.

Dialysis vintage — Duration of dialysis (in months) prior to transplantation as documented in the file.
Incomplete medical charts — Less than five recordings of creatinine levels, tacrolimus trough levels and
corresponding daily doses recorded in the files during the first year of kidney transplantation (at hospital
discharge, at one month, three months, six months and at one year)

Patterns of tacrolimus metabolism - A classification system derived from Co/D ratio cut-off values
used to assign patients their metabolic phenotype (slow, intermediate, and rapid) and corresponding
CYP3AS genotype.

Tacrolimus metabolising status / metabolic phenotype — Strata within the classification system

ascribed after applying the Co/D ratio cut-off values (slow, intermediate, and rapid metabolisers).
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ABSTRACT:

Background:

Tacrolimus is a key immunosuppressive agent used in kidney transplantation. It is characterised by
marked between- and within-patient variabilities due to genetic and non-genetic factors. The main drug
metabolising enzyme of tacrolimus, CYP3AS5, is highly polymorphic resulting in varying metabolic
phenotypes in the population. The dose-adjusted tacrolimus trough concentration (Co/D ratio) allows
for prediction of the metabolic phenotype among kidney allograft recipients on therapeutic drug
monitoring, without genotypic testing. The study set out to determine the percentage of rapid,
intermediate, and slow metabolisers of tacrolimus by calculating Co/D ratio among kidney allograft
recipients at the Kenyatta National Hospital in Nairobi, Kenya.

Materials and methods:

A retrospective chart review of kidney allograft recipients’ files taking tacrolimus for maintenance
transplant immunosuppression at the KNH was conducted. The recipients’ age, sex, pre-transplant
comorbidities and use of induction therapy were recorded. Tacrolimus total daily dose (D), trough
concentrations (Co) and allograft function were recorded at discharge, within one month, three months,
six months and at one year of kidney transplantation. The Co/D ratio was calculated using tacrolimus
trough and total daily dose at indicated time points and an average value obtained for each patient.
Allograft function was deduced from the Modification of Diet in Renal Disease (MDRD-4) formula.
Results:

Among the 95 kidney allograft recipients’ medical records reviewed, 67 (70.5%) were males. The
mean age was 35+13.3 years, and a median dialysis vintage time of 19 months (range 0 to 75). About
51 (53.7%) and 42 (44.2%) had pre-morbid hypertension and glomerulonephritis respectively, while
12 (12.6%) had diabetes mellitus. With the interpretation of Co/D ratio as <1.05 as rapid metabolisers,
1.05-1.54 as intermediate and >1.55 as slow metabolisers, there were 40 (42.1%) rapid metabolisers,
23 (24.2%) intermediate and 32 (33.7%) slow metabolisers (p-value <0.001). Rapid metabolisers had
the lowest mean tacrolimus trough concentration (7.0 £ 1.5 ng/ml, p value< 0.001) and the highest
tacrolimus dose requirement (8.8 + 2.0 mg/day), p value < 0.001).

Conclusion and recommendation:

The cohort consisted of majorly of rapid metabolisers followed by slow metabolisers, based on Co/D
ratio. These metabolic phenotypes may be interpreted to mean that majority of the recipients will
require tacrolimus dosing using the higher limit of the dosage range. More studies on tacrolimus

metabolism are required in the transplant population in this setting.

xiii



CHAPTER ONE

1. INTRODUCTION
1.1 Background

Kidney transplantation is the preferred treatment modality for patients with end stage kidney disease
(ESKD), one resulting in long term cost-effectiveness and overall better quality of life. Its success
primarily depends on optimal immunosuppression to minimise allograft rejection while guarding against

cardiovascular, infectious, and neoplastic consequences.

Transplant immunosuppression occurs in three phases: induction, maintenance, and treatment for acute
rejecﬁon. Broadly, induction therapy involves depletional and non-depletional agents such as
antithymocyte globulin (ATG) and basiliximab respectively. Maintenance therapy comprises the use of
corticosteroids such as prednisone and methylprednisolone, mammalian target of rapamycin (mTOR)
inhibitors such as everolimus and sirolimus, antiproliferative agents such as azathioprine and
mycophenolate mofetil and calcineurin inhibitors (CNIs) such as cyclosporine-A and tacrolimus. These
agents target antibody- and T-cell mediated responses, key effectors of the immune response to rejection.
Combination therapy, using three drugs from different drug classes, popularly referred to as triple
immunosuppression, has been the standard of care for transplant-associated immune suppression therapy,

with transplant centres employing different drug combinations to prevent allograft rejection and loss(1,2).

Calcineurin inhibitors have formed the backbone of immunosuppression treatment protocols worldwide,
with tacrolimus-based combinations favoured over cyclosporine-A -based regimens due to reduced
episodes of rejection, cost-effectiveness, and favourable toxicity profile(3). However, no differences in
the rates of allograft survival between the calcineurin inhibitors has been demonstrated(4). Locally, the

most common calcineurin inhibitor prescribed for use by kidney allograft recipient(s) is tacrolimus.

Tacrolimus is known to have a narrow therapeutic range and marked inter- and intra-individual
variabilities. These characteristics necessitate the need for tacrolimus therapeutic drug monitoring (TDM)
in kidney allograft recipients, especially due to concurrent medications and attendant food-drug and drug-
drug interactions. Tacrolimus area under the curve (AUC) is regarded as the parameter that best describes
tacrolimus’ exposure(5), however, pre-dose or trough tacrolimus concentration in blood is preferred for

TDM due to its ability to correlate with AUC, its fair cost and feasibility in clinical practice.



Tacrolimus trough concentrations are the result of several factors, especially by determinants of drug
metabolism. These factors play a role in the variability of tacrolimus trough levels observed in clinical
practice. Pharmacogenetics of drug metabolising enzymes and transporters (DMETs), especially
CYP3AS5 gene family, is associated with close to 40% of the variability with clinical correlates accounting
for 46%(6). A recent study to determine tacrolimus and cyclosporine A trough levels in blood samples
of patients taking these medications at a major laboratory in Kenya demonstrated that a total of 32% of
samples had sub-optimal and toxic drug levels(7), possibly due to polymorphisms expressed by rapid and
slow metabolisers. This also emphasizes the need for therapeutic drug monitoring and rational dose
adjustment. Patients with suboptimal serum tacrolimus levels risk developing allograft rejection while
those with toxic drug levels risk adverse effects such as allograft nephropathy, all culminating in allograft
loss and need for return to dialysis and/or re-transplantation. It is therefore important to maintain
tacrolimus levels within the therapeutic range, especially in the first year of transplantation, to reduce the
risk of acute rejection, allograft injury and infectious complications(8). Understanding the sources of
variability in tacrolimus disposition will enable transplant physicians develop and implement actionable

strategies to optimise allograft outcomes.

In view of the influence of genetic factors, metabolic phenotypes correlating with CYP3AS5
pharmacogene expression have been previously described and a prognostic value impacting on kidney

allograft and patient survival attached to these phenotypes(9-11).

12 Patterns of tacrolimus metabolism

Individuals are classified as slow, intermediate, and rapid metabolisers of tacrolimus based on a clinical
index, the dose-adjusted tacrolimus trough concentration (Co/D ratio). In centres where genotypic testing
is not readily available and would be expensive to procure, this index has the potential to predict the
metabolic genotypes and phenotypes with the intention of informing rational dose adjustment and
therefore optimise allograft survival. The table below summarises the metabolic phenotype and the
corresponding CYP3A5 genetic polymorphisms according to the Clinical Pharmacogenetics

Implementation Consortium (CPIC)(9).



Table 1. Metabolic phenotypes, Co/D ratio cut-off values and corresponding CYP3AS diplotype

Phenotype (Co/D ratio) Corresponding diplotype
Rapid tacrolimus metabolisers (<1.05) CYP3A5*1/*1
Intermediate tacrolimus metabolisers (1.05 to 1.54) CYP3A5*1/*3, CYP3A5*1/*6,
CYP3AS5*1/*7

Slow tacrolimus metabolisers (>1.55) | CYP3AS5*3/*3, *6/*6, *7/*7, *3/*6, *3/*7,
*6/*7




CHAPTER TWO

2. LITERATURE REVIEW

2.1 Immunosuppressive regimens

Ideal immunosuppression with regards to transplant clinical practice refers to pharmacological inhibition
that achieves allograft acceptance with minimal interference of systemic immunity to other foreign
molecules(12). Combination therapy is prescribed to minimise the harmful effects associated with
individual drugs while maximising on synergistic effects. Regimens vary worldwide according to various
factors such as organ transplant type, side effect profile and co-morbid conditions. Kidney transplant

protocols favour CNI-based regimens, particularly tacrolimus over cyclosporine(13).

2.2 Calcineurin inhibitors (CNIs)

Calcineurin is a calcium-calmodulin dependent serine/threonine phosphatase that dephosphorylates
nuclear factor of activated T-cell (NFAT) upon T-cell receptor (TCR) stimulation. Peptide binding to
TCR/CD3 complex during antigen presentation by major histocompatibility complex (MHC) molecules
stimulates nuclear factor of activated T-cell (NFAT) translocation to the nucleus to induce T-cell
activation through regulation of genes responsible for cytokine synthesis as depicted in figure 1.
Calcineurin inhibitors bind to cytosolic peptidyl prolyl isomerases, also known as immunophilins, and
form a complex that inhibits calcineurin resulting in attenuation of T-cell activity thus preventing

allostimulation and subsequent immune activation(13).

Although they have similar mechanisms of action of binding to immunophilins, the class members bind
to different immunophilins, whose classification into two families is based on their pharmacological
target(14): FK506-binding proteins (FKBPs) for pimecrolimus and tacrolimus and cyclosporin-binding
cyclophilins (CyPs) for cyclosporine. Amongst the three, tacrolimus is the preferred calcineurin inhibitor

for use in solid organ transplantation, including kidney transplantation.
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Figure 1. Mechanism of action of tacrolimus.
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2.3 Tacrolimus

In 1984, a 23-membered macrolide lactone antibiotic was derived by researchers at Chiba University of
Japan from Streptomyces tsukubaensis, a soil fungus found in the foot of Mt. Tsukuba in Tokyo, Japan.
It was initially approved for use by the United States Food and Drug Administration (US-FDA) in 1994
for the prevention of rejection in liver transplant recipients. Ensuing clinical trials in kidney
transplantation demonstrated similar benefit and led to its approval for that use in the year 1997.
Subsequent clinical trials conducted shortly after led to its use in cardiac transplantation, and until
recently, in July 2021, it received FDA approval for use in lung transplant recipients after secondary
analysis of the Scientific Registry of Transplant Recipients (SRTR) provided real-world-evidence
regarding its efficacy(15). A review of its pharmacokinetics will elucidate potential levels for explaining

its variability.

2.3.1 Pharmacokinetics

2.3.1.1 Absorption

Various formulations of tacrolimus exist for intravenous, oral, sublingual, and topical administration.
Although intravenous and sublingual tacrolimus formulations present alternative options for its
administration(16,17), the oral route is preferred for use in kidney transplantation. The formulations come
in once-daily prolonged-release gelatin capsules, for instance, Advagraf and twice-daily immediate-
release capsules such as Prograf. The most prescribed formulation in Kenya is yet to be determined as

data is not available.

The oral bioavailability of tacrolimus varies from 4% to 89% depending on the formulation used,
concomitant food-drug and drug-drug interactions(18). This is partly attributed to its poor solubility and
high lipophilicity, in addition to extensive hepatic and intestinal first-pass effect by cytochrome P450
(CYP) enzyme subfamily 3A5 and the efflux transporter, P-glycoprotein (ABCB1/MDR1), encoded by
ABCBI1 gene. Additionally, in healthy volunteers, a statistically significant difference in relative
bioavailability was noted, especially between the fasted state and a post-prandial state after a fat-rich

diet(19).

Maximum CYP3A enzyme expression occurs in the liver. Conversely, it decreases in concentration
distally in the gastro-intestinal tract while P-glycoprotein expression demonstrates an antegrade

increase(20). Food increases time to maximum concentration by altering gastric pH, hepatic and



splanchnic circulation, and forms complexes that act as barriers to absorption(21). Altered gastric pH due
to co-administration with proton pump inhibitors (PPIs) reduces tacrolimus exposure in kidney allograft
recipients, especially in those with CYP2C19 gene mutations(22). However, a similar effect was not

observed in liver transplant recipients although there seems to be intra-class differences(23,24).

Hyperperistalsis due to non-infectious and infectious diarrhoea decreases intestinal passage time. This
increases tacrolimus delivery to the distal ileum and colon, where maximum absorption occurs by passive
diffusion as demonstrated by stable isotope labelling in healthy volunteers(25), thus elevating tacrolimus
AUC, peak and trough concentrations(26,27). Conversely, inflammation downregulates the activity of
P-glycoprotein and CYP enzyme family thus increasing CNI levels(28). Gut microbiota has also been
shown to affect tacrolimus absorption by increasing its dosing requirements through various mechanisms

such catabolism by faecal Faecalibacterium prausnitzii into less potent metabolites(29).

2.3.1.2 Distribution
Tacrolimus exhibits a high blood to plasma ratio because of its lipophilicity and high affinity for

erythrocyte immunophilins. It is extensively bound to red blood cells therefore demonstrating a non-
linear relationship at low haematocrit and high drug concentrations due to saturable mechanisms. This
predisposes patients to drug toxicity(30). For this reason, tacrolimus has a low apparent volume of
distribution and is assayed in whole blood for therapeutic drug monitoring. The remaining fraction of
tacrolimus is found in plasma, 99% of which is bound to predominantly albumin, o-1-glycoprotein,
and lipoproteins, leaving less than 1% of active or unbound tacrolimus(31). Subsequent equilibration

of unbound tacrolimus in body compartments occurs.

Site-specific tissue concentration is determined by the distribution of P-glycoprotein and
immunophilins. For instance, single-nucleotide polymorphisms on the ABCB1 gene were shown to
reduce the efflux of intra-lymphocytic tacrolimus, thereby enhancing the immunosuppressive effect
and prevention of allograft rejection(32). Similarly, P-glycoprotein non-expression at the blood-brain
barrier was demonstrated to increase the uptake of tacrolimus into the central nervous system (CNS)

in MDR1 gene knockout mice, a possible mechanism mediating neurotoxic effects of CNIs(33).

2.3.1.3 Metabolism and elimination

The primary sites of tacrolimus biotransformation are the liver and intestine due to abundance of

cytochrome P450 enzyme family, CYP3AS. The drug undergoes extensive demethylation and



hydroxylation into approximately 13 metabolites, the main one being 13-O-demethyl tacrolimus (M-
I) with approximately 15 times less potent immunosuppressive effects than the parent compound(34).
Other common metabolites include 31-O-demethyl-tacrolimus (M-II) and 15-O-demethyl-tacrolimus
(M-III). However, these metabolites have been speculated to mediate nephrotoxicity and

myelosuppression(35).

A dose-dependent sex disparity in tacrolimus metabolism has been reported, with females
demonstrating lower AUC levels than men, although the difference may be explained by additional
factors such as body weight and drug-drug interactions(36,37). Conversely, steroid-minimisation has
been shown to increase tacrolimus concentration and therefore exposure, due to withdrawal of steroid
effect on pregnane X receptor (PXR)(38). Similarly, mycophenolic acid analogues (MPA) have been

shown to increase tacrolimus exposure however the mechanism is yet to be elucidated(39).

Approximately 0.5% of unmetabolized tacrolimus is eliminated through the stool and urine. Intra-renal
metabolism of tacrolimus has been shown to occur due to the preferential expression of CYP3AS5 over
CYP3A4 on tubular cells(40). A plausible clinical implication of this localisation is that CYP3AS
expressors are predisposed to CNI nephrotoxicity although conflicting results in other solid organ

transplants have been reported(41,42).

24 Tacrolimus assay techniques

Monitoring of tacrolimus levels is part of standard of care in solid organ transplantation (SOT)
protocols worldwide. Due to the implication of the ensuing result, assay techniques need to be
validated and personnel adequately trained to handle the reagents and equipment used. Two methods
of quantification exist, mass spectrometry and immunoassays. However, due to lack of harmonization
of bench procedures, non-adherence to consensus guidelines and poor uptake of reference reagents,
there also exists inter-laboratory variability(43).

Liquid chromatography with tandem mass spectrometry (LC-MS/MS) with electrospray ionization is
the preferred modality due to its sensitivity for the parent compound and ability to analyse tacrolimus
metabolites without cross-reactivity(5). Additionally, this method can perform multianalyte analysis
in a single sample. However, it is expensive to procure and requires highly skilled personnel to operate
and interpret the results. Immunoassay methods present a cheaper alternative where monoclonal

antibodies are used to recognise different epitopes of the tacrolimus molecule. These techniques are



harmonised through manufacturer’s calibration, can be automated, and provide a rapid TAT (turn-

around-time).

Commonly used immunoassays include antibody conjugated magnetic immunoassay (ACMIA),
chemiluminescent enzyme immunoassay (CLIA), electrochemiluminescence immunoassay (ECLIA)
and enzyme-multiplied immunoassay technique (EMIT). Due to noteworthy cross-reactivity with
tacrolimus metabolites (M-I, M-1I and MIII) resulting in falsely elevated tacrolimus levels, the use of
EMIT for TDM has reduced(44). Hypoalbuminemia has been demonstrated to overestimate tacrolimus
levels in the early post-operative period when quantified using ACMIA, risking improper dose
modification(45). ECLIA has been shown to perform with a similar sensitivity to LC-MS/MS by its
ability to detect tacrolimus concentrations at the lower limit of quantification(46). At the Kenyatta
National Hospital, immunoassay methods have predominated since the initiation of the kidney
transplant program, with CLIA having been in use for about 10 years and chemiluminescent

microparticle immunoassay (CMIA) being the current method for tacrolimus quantification in blood.

25 Determinants of tacrolimus trough concentration

Marked between- and within-patient variability in tacrolimus trough levels is a recognised
phenomenon and is attributed to multiple factors: genetic, demographic, food-drug, drug-drug and
disease-drug interactions and the type of assay employed to quantify the drug. Clinically significant
variability observed with tacrolimus has been described as the in- and out-of-range tacrolimus levels
observed over a period where the dose remains unchanged. Veritably, high tacrolimus variability, more
so, intra-patient variability, correlates with development of donor specific antibodies in kidney
transplantation resulting in unfavourable allograft outcomes(47). Genetic factors account for 39% of
the variability while non-genetic factors (clinical and demographic correlates) explain the majority, at
46%(6).

It is important to investigate the role of genetic factors in our setup to gain insight into local tacrolimus
disposition characteristics. However, several barriers to routine pharmacogenetic testing exist, such as
equipment cost, lack of expertise and the lack of consensus guidelines for interpretation of results,
especially with significant ethnic variation. A previously described index, the dose-adjusted tacrolimus
trough concentration (Co/D), has been shown to correlate with CYP3AS5 expression and allograft
outcome in kidney transplantation at steady state(9,48). This tool has the potential to account for local
tacrolimus disposition in our locale, and its relationship with infectious, cardiovascular and allograft

outcomes.



2.6

Determinants of kidney allograft function

In addition to the role played by pharmacological suppression, allograft function as measured by serum

creatinine has been shown to be impacted by other diverse factors, classified as pre-transplant donor

and recipient factors, peri-operative and post-transplantation factors. Pre-morbid conditions, donor-

type, age and gender of donor and recipient, dialysis vintage, number of human leukocyte antigen

(HLA) mismatches, prior sensitization from blood transfusion and pregnancy and medication non-

adherence are some of the recognised factors demonstrated to influence allograft survival. Although

the individual contribution of each factor appears negligible, their summation impact allograft survival

significantly(49). The figure below summarises the known factors and the time-point within which

they are significant in determining allograft survival.

Kidney
Transplant

Graft
Postoperative Survival

complications

Ischemic
Preconditioning c
~ompliance

Smoking
Systolic BP
Comorbilities

Graft
Function

Primary Kidney
Disease

Adverse events
Toxicity

Transplant Conditions Post-Trasplant Factors Patient related factors

Figure 2. Cycle chart demonstrating some recognised predictors of graft function. Adopted from(50)
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2.7 Study justification and significance

Kidney allograft survival is influenced by multiple factors in our clinical practice setup. Tacrolimus is
key to immunosuppression, yet its use is associated with unique challenges. Populations exhibit genetic
variations in drug disposition with high serum levels predisposing to drug toxicity while lower levels

are associated with allograft rejection.

Local studies have explored the significance of non-genetic factors in determining allograft outcomes,
none has yet investigated genetic determinants. Genotype testing to determine a patient’s tacrolimus
disposition characteristics is not a standard of care, however, there are surrogate markers used to
predict this variation. A local study hypothesized that our population consists of slow metabolisers
after examining tacrolimus dosing requirements and resultant trough levels within the first week of
transplantation(51). The clinical index (Co/D ratio) with genotype-predictive and prognostic value has

not been previously employed in our local setup.

On that account, this study sought to provide novel insights into the genetic factors determining
tacrolimus disposition in our setup. The study intends to influence the development of national
guidelines in the management of kidney allograft recipients (KARs) that optimise allograft survival
through rational prescribing and dose adjustments. This study will also emphasize the role of

laboratory services in the management of kidney allograft recipients.
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2.8 Research question

What is the effect of the pattern of tacrolimus metabolism on kidney allograft outcomes?

2.9 Study objectives
2.9.1 Broad objective

To establish the patterns of tacrolimus metabolism and relationship with allograft function

among kidney allograft recipients at KNH within the first year of transplantation

2.9.2 Specific objectives

I.  To determine the proportion of rapid, intermediate, and slow metabolisers of tacrolimus among

kidney allograft recipients at the Kenyatta National Hospital
II. To determine the trends of allograft function using eGFR at selected time-points within the

first year of transplantation in rapid, intermediate, and slow metabolisers of tacrolimus among

kidney allograft recipients at the Kenyatta National Hospital
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CHAPTER THREE

3. METHODOLOGY
3.1 Study design

A retrospective chart review

3.2 Study area

The study was conducted at the transplant wing of the KNH renal unit. KNH is the largest public
teaching and referral hospital in Kenya. Founded in early 1900s with an initial bed capacity of 40, the
hospital currently has a bed capacity of about 2000 and serves as the main teaching hospital for the
University of Nairobi, Faculty of Health Sciences. It is the first public hospital in the country to run a
kidney transplant unit, in partnership with Novartis through the Interlife program. The unit offers a
weekly kidney transplant clinic, so far serving over 150 patients transplanted since the inception of the

program.

3.3 Study population

The medical records of kidney allograft recipients (KARs) attending the KNH renal unit transplant
clinic, having undergone living-donor kidney transplant surgery at the KNH under the Novartis
Interlife Program, and are on taking tacrolimus as one of the immunosuppressive agents.

Three days preceding the scheduled transplant surgery, kidney allograft candidates begin taking
tacrolimus and a mycophenolic acid analogue. The tacrolimus dose is initiated at 0.15mg/kg/day and
titrated based on tacrolimus trough concentrations. The kidney allograft recipient is induced using
intravenous methylprednisolone at a dose of 500mg at the release of clamps intraoperatively, 250mg
on day one and 100mg on day two respectively, after which oral prednisone is started at a dose of
30mg per day as a single dose from day 3 and tapered off by 2.5mg daily until day 7 when the dose is
20mg. Basiliximab is administered on day-zero pre-operatively and day-four post-operatively to
selected individuals whose HLA matches were less than three out of the six loci of HLA-A, -B and -
DRBI.

Patients are discharged from hospital after one to two weeks on tacrolimus, mycophenolic acid, and
prednisone as their immunosuppressive regimen. They receive cotrimoxazole and isoniazid
prophylaxis for opportunistic infections. Medications for premorbid conditions are also continued. A

steroid-tapering regimen is adhered to through the first year, with a goal of steroid minimisation.
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Tacrolimus trough concentration, whose therapeutic reference range lies between 5Sng/ml and 15ng/ml,
is measured in whole blood from an ethylenediaminetetraacetic acid (EDTA) vacutainer one hour prior
to the next tacrolimus dose. The method of assay used at the KNH Renal laboratory for drug monitoring
is the competitive immunoluminometric technique, a type of CLIA, whose range of concentration
detection is between <2ng/ml and 50ng/ml. Standard Operating Procedures, as stipulated by the

manufacturer, are adhered to by qualified laboratory professionals when quantifying tacrolimus levels.

3.3.1 Selection criteria
Medical charts of KARs at the KNH:

e on a tacrolimus-based regimen for more than a year

e Sufficient records defined as having been followed up for a year or more with at least 2 clinic
visits within the first 3 months of transplant surgery, one clinic visit after every three months
for up to one year with documented tacrolimus trough concentration and dose(s) for each clinic

visit.

3.3.2 Exclusion criteria
Medical records of KARs at the KNH:

* on a cyclosporine-based regimen

e who received a kidney allograft at a site different from the Kenyatta National Hospital

34 Sample size calculation
Cochrane’s sample size formula for categorical data (Equation 1) was used to obtain the desired sample

size (ng), whereby,

Equation 1. Cochrane’s sample size formula for categorical data

®* * (p)Q)
Ho= ---------------------

dy’

t — value for selected alpha level (1.96)
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p — proportion of rapid metabolisers (23%) (obtained from a population study of African
Americans(52))

q-(1-p)
d - acceptable error margin — 0.05
e ny=272

272 exceeds 5% of the population, therefore a re-adjustment of sample size is undertaken using

Cochrane’s correction formula.

Equation 2. Cochrane’s correction formula

(1 + no / Population)

ny =272
population of tacrolimus users = 110
n =78

Accounting for 10% information loss, a minimum sample size of 86 patients’ charts was targeted.

However, all patient charts were scrutinized for eligibility into the study.
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3.5 Study flow chart diagram

Kidney allograft recipients files

Patients on cyclosporine-based regimen,
transplanted outside KNH, incomplete chart
records

Charts of KARs on tacrolimus-based regimen

Patients followed up for less than one year since
transplant surgery

Charts of KARs on tacrolimus for > 1 year of follow-up

Calculation of concentration to dose ratio (Co/D)

=

Intermediate
metabolisers (Co/D
between 1.05 — 1.54)

Rapid metabolisers
(Co/D < 1.05)

Slow metabolisers
(Co/D > 1.55)

=

Graft function (using eGFR) at hospital discharge, 1* month, 3"
month, 6" month and at 1 year

Flowchart diagram (1) demonstrating the recruitment procedure.



3.6 Data Management
3.6.1 Data Collection Procedure

All KAR charts that met the inclusion criteria were reviewed. The principal investigator and a research
assistant assessed the files and the following characteristics recorded in the data abstraction form

(Appendix 1):

e Age of recipient at transplantation in completed years, date of living-donor kidney transplant
surgery (date/month/year), sex of recipient, weight and height of the recipient, use of induction
therapy, comorbid conditions, dialysis vintage and presence of delayed allograft function
(DGF)

e The following parameters were recorded from every stipulated visit within the 1¥ month and at
the 3", 6™ and 12" month visits: creatinine, tacrolimus trough concentration and dose, and

steroid dosage.

Tacrolimus trough concentration and dose were recorded at hospital discharge from transplant surgery
and during the following clinic visits: within the 1% month of transplant surgery and at 3%, 6™ and 12"
month. An allowance of 3 weeks was granted for the visits on the 3™ month and 1 month for the visits
on the 6™ and 12" month. In the presence of more than one value of the parameters of interest around
the time of clinic visits, the average of the parameter was calculated and recorded. Tacrolimus trough
concentrations recorded as the lowest limit of quantification of less than 2ng/mL were recorded as
Ing/ml. The dose-adjusted tacrolimus trough concentration (Co/D ratio) was calculated using the
formula below by Tholking, G. et al (53) as shown in equation 3 at hospital discharge, 1% ,3 ,6™ and
12" month and an single average obtained for each patient. The following cut-off values were used to
stratify the participants based on their metabolising status: rapid metabolisers (Co/D ratio < 1.05), slow

metabolisers (Co/D ratio > 1.55), and intermediate metabolisers (Co/D ratio between 1.05 — 1.54).
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Equation 3. Formula used to calculate tacrolimus dose-adjusted trough concentration (Co/D ratio)

C/D ratio(ng/mL x 1 /mg)

_ blood Tac trough level (ng /mL)
B daily Tac dose (mg)

The study outcomes were stipulated as follows:

e Allograft function at the first, third and sixth month and at one year since transplant surgery
was presented as calculated eGFR by the Modification of Diet in Renal Disease-4 (MDRD-4)
formula using serum creatinine values at the respective time points.

e Calculated eGFR of > 60mls/min/1.73m* was regarded as good allograft function while a
calculated eGFR of < 60mls/min/1/73m* was regarded as poor allograft function.

3.6.2 Study Variables

Demographic variables: Age of recipient at transplantation, sex of recipient, recipient weight, height,
and calculated body mass index (BMI)(kg/m?), use of induction therapy, dialysis vintage in months
Medication related variables: Tacrolimus average trough concentration and dosage, steroid use and
dosage, metabolic phenotype classified as slow, intermediate, and rapid, using Co/D ratio cut off
values.

Outcome variable: eGFR — estimated glomerular filtration rate as calculated by the MDRD-4

formula.

3.6.3 Data Analysis

Data was extracted from each file by the abstraction tool, assigned a study code and scrutinized. It was
then entered into a protected database by the principal investigator for subsequent data cleaning and
analysis performed on SPSS version 23 with the help of a statistician.

Categorical variables such as comorbid conditions, sex and tacrolimus metabolising status are
presented in tables as proportions and percentages on frequency tables. Pearson’s chi square test is
used for comparison of categorical variables. Continuous variables are presented as mean + SD unless

otherwise specified. ANOVA or Kruskal-Wallis is used to determine the difference in the mean eGFR
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at one year between the strata formed by the Co/D ratio. A trendline was used to display trends of graft

function across the strata formed by Co/D ratio. Statistical significance was set at p < 0.05.

3.7 Ethical Approval

The study was approved by the Department of Clinical Medicine and Therapeutics, Faculty of Health
Sciences, University of Nairobi and the KNH/UoN ERC. The study was registered with the KNH
Medical Research and Programs department. Access to medical records at the Renal Unit, was granted

by the Health Record and Information department.
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CHAPTER FOUR

4. RESULTS

4.1 Study recruitment

The study was undertaken between July 2022 and September 2022 at the Kenyatta National Hospital,
Renal Unit. Data extraction was done at the transplant section with a decentralized records unit

dedicated to kidney transplant recipients’ medical records.

Two hundred and ten recipients’ medical records were retrieved by the transplant co-ordinator and
reviewed for study eligibility by the principal investigator and a research assistant. Of the 210 medical
records, 110 were excluded because 82 recipients were on a cyclosporine-based regimen, 13 files were
not located, 9 due to operative mortalities, 1 was transplanted at a site other than KNH and 5 had
missing data on tacrolimus trough levels and corresponding tacrolimus dosages and frequency. Five
recipient files were for patients who were on tacrolimus but had not completed one-year of follow-up.
A total of 95 recipients with complete records were selected, coded, and included in the final analyses.

The flowchart below describes the screening, recruitment, and analysis procedure.
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210 KAR files

Patients on cyclosporine-based regimen (82),
missing files (13), operative mortalities (9),
transplanted outside KNH (1), incomplete
chart records (5) those transplanted outside
KNH and incomplete chart records

-

Charts of KARs on tacrolimus-based regimen (100)

transplant surgery (5)

H Patients followed up for less than one year since

Charts of KARSs on tacrolimus for > 1 year of follow-up (95)

L

Calculation of concentration to dose ratio (Co/D)

4

Slow metabolisers
(Co/D > 1.55)
(n=32)

Intermediate
metabolisers (Co/D
between 1.05 - 1.54)

(n=23)

Rapid metabolisers
(Co/D < 1.05)
(n=40)

Graft function (using eGFR) at hospital discharge, 1*' month, 3™
month, 6" month and at 1 year

Flowchart diagram 2 demonstrating the screening and recruitment results of the study.




4.2 Demographic profile of the study population

The eligible ninety-five patients were transplanted between 2010 and 2021 and among them, there
were 67 males (70.5%). The mean age in years of the study population at the time of transplantation
was 35.5 + 13.6 years with a range of 10 to 60 years. More than half of kidney allograft recipients
(57.1%) were hypertensive, 12.2% had diabetes mellitus and 43.9% had glomerulonephritis. The
median dialysis vintage time was 18 months, with a minimum and maximum of 0 months and 75
months respectively. Three in every eight patients (37.5%) received induction therapy with
basiliximab. Delayed allograft function was noted in 11.5% of the recipients (Table 3).

4.3 Medication-related characteristics of the study population

The average tacrolimus trough levels and tacrolimus and steroid dose of the population varied within
the first year of kidney transplant surgery, with statistically significant variation at the discharge and
within one, three, six and twelve months. Conversely, allograft function did not demonstrate significant

variation across the time periods as demonstrated in table 2.

Table 2. Average tacrolimus trough and dose, steroid dose and allograft function among kidney

allografi recipients taking tacrolimus at selected time-points within the first year of transplantation at
the Kenyatta National Hospital.
Variable Discharge 1 month 3 months 6 months 1 year p-value
Tacrolimus
trough levels 8.2 (3.9) 8.5(44) 9.0 (3.7) 8.8 (4.5) 8.3 (3.9 0.040
(ng/ml)(mean(SD))

Tacrolimus dose
(mg per 8.1 (2.7) 7.7(2.7) 7.2(2.9) 6.6 (2.8) 5.8(2.6) <0.001
day)(mean(SD))

Steroid dose
(mg/day)(meansD)) 17.2(6.8) 152(5.8) 113(43) 8732 65(3.3)  <0.001
Median eGFR _ '
(mls/min/1.73m?) 81.3(30.1) 88.7(35.4) 82.9(29.0) 85.5(41.3) 84.9(35.6) 0.147

22



Table 3. Sociodemographic and clinical characteristics of kidney allograft recipients taking

tacrolimus at the Kenyatta National Hospital

Variable Frequency, n (%)
Recipients mean age in yrs (SD) - 350(13.3) -

Min-Max 10-60

Sex of recipient

Female 28 (29.5)
Male 67 (70.5)
BMI recipient (kg/m?)
<184 20 (21.1)
18.5-24.9 48 (50.5)
25-29.9 17(17.9)
>30 1(1.1)
Not documented 9(9.5)
Dialysis vintage (months)
Median 19.0
Min 0
Max 75
Pre-transplant co-morbidities
Diabetes Mellitus 12 (12.6)
Hypertension 51(53.7)
Glomerulonephritides 42 (44.2)
PCKD 5(5.3)
*QOthers 12 (12.6)
Obstructive uropathy 4(4.2)
SLE 2(2.1)
Induction therapy (Basiliximab)
Yes 35 (37.5)
No 60 (62.5)
* Delayed allograft function -
Yes 11(11.6)
No 84 (88.4)

Others* - Focal Segmental Glomerulosclerosis, Mixed Connective Tissue Disease, Nephrotic Syndrc;r;c, Primary

hyperoxaluria, NSAID nephropathy, Renal osteodystrophy, Alport Syndrome, Steroid Resistant Nephrotic Syndrome
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4.4 Proportion of rapid, intermediate, and slow metabolisers

Forty (42.1%) kidney allograft recipients were fast metabolisers, with the lowest average Co/D ratio of

0.79 compared to 1.17 and 2.12 of intermediate and slow metabolisers respectively. Twenty-three

recipient files” (24.2%) were for intermediate metabolisers while the remainder (33.7%) consisted of

slow metabolisers. A statistically significant difference in the steroid dose requirement was noted (p-

value = 0.014) among the three metaboliser groups. Slow metabolisers demonstrated the highest

median graft function (88.6 mls/min/1.73m?) at the first year among the three groups although no

statistically significant difference was noted (p value of 0.750).

Table 4. Frequency of tacrolimus metabolic phenotypes by Co/D ratio among kidney allograh

recipients at the Kenyatta National Hospital

Phen(')_tjr-';;; (—Cix—lﬁ ratio) Frequency, n ("/:) o
Rapid tacrolimus metabolisers (RTM) (<1.05) 40 (42.1)
Intermediate tacrolimus metabolisers (ITM) (1.05 to 1.54) 23 (24.2)
Slow tacrolimus metabolisers (STM) (>1.55) 32 (33.7)

Table 5. Average Co/D ratio, tacrolimus trough and dose. steroid dose, and allograft function among

kidney allografi recipients as rapid. intermediate, and slow tacrolimus metabolisers at the Kenyatta

National Hospital

Variable RTM (n=40) ITM (n=23)

STM tn =32) - “p-val-ue

Average Co/D ratio 0.79 1.17 2,12 <0.001
Mean tacrolimus trough
(SD) (ng/ml)  7.0(1.5) 8.2 (2.0) 10.8 (3.3) <0.001
~ Mean tacrolimus dose (SD) S -
(mg/day) 8.8(2.0) 7.0 (1.5) 5.1(1:5) <0.001
Mean steroid dose (SD)
(mg/day) 13.0 (3.3) 11.3(3.5) 10.6 (3.5) 0.014
~ Median eGFR at lyear 83.4 Bl 88.6
(69.2-98.9) (63.0-106.3) (59.5-116.12) 0.750

(IQR) (mls/min/1.73m?)
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4.5 Sociodemographic profile of the study population by
metabolic phenotype(s)

Forty (42.1%) kidney allograft recipient population taking tacrolimus consisted of rapid metabolisers,
while 33.7% and 24.2% were slow and intermediate metabolisers respectively (table 3). The average
age of rapid metabolisers was 33 years (£11.8). This was 4 years younger than the slow and
intermediate metabolisers, who both had a mean age of 37 years, with a standard deviation of 14.5 and
14.4 years respectively (p value of 0.308). One in every two female patients were rapid metabolisers
compared to 38% of the male population while approximately a third (34%) of both the female and
male population were slow metabolisers. All patients within the three groups had similar dialysis
vintage times as depicted in table 6. No statistically significant difference was noted among the

sociodemographic profiles of the three metabolic phenotypes (table 6).

4.6 Medication-related characteristics of the study population by
metabolic phenotype(s)

Tacrolimus trough concentrations were lower in the rapid metabolisers, with a mean of 7.0ng/ml (+
1.5) compared to the slow metabolisers, who had an average of 10.8ng/ml (+ 3.3)(figure 2). This
difference was statistically significant and consistent within the first year of kidney transplantation
(figure 3). Conversely, slow metabolisers had a lower average total daily tacrolimus dose (5.1mg per
day) compared to 8.8mg per day of tacrolimus within the rapid metabolisers group as depicted on
figure 4. The difference was statistically significant, and the trend was consistent through the first year
of kidney transplantation. Slow metabolisers demonstrated a 50% reduction in total tacrolimus daily
dose from discharge to one year while intermediate and rapid metabolisers had a 20% decrease in the
total tacrolimus daily dose (figure 4). The average daily steroid dose required was noted to be higher
in the rapid metabolisers compared to the intermediate and slow metabolisers (p value — 0.014). The
difference in the steroid dose requirements among rapid, intermediate, and slow tacrolimus

metabolisers was statistically significant at three months and at one year as depicted in table 7.
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Table 6. Selected demographic and clinical characteristics of rapid, intermediate, and slow tacrolimus

metabolisers among kidney allograft recipients at the Kenyatta National Hospital

RTM ITM STM
Variable (n =40) (n=23) (n=32) p-value
~ Recipientage(yrs) -
Mean (SD) 33.0(11.8) 36.3 (14.4) 36.6 (14.5) 0.456
Sex of recipient
Female 15 (37.5) 4(17.4) 9(28.1)
Male 25 (62.5) 19 (82.6) 23 (71.9) 0.237
Dialysis vintage (months)
Median 18 19 18.5
Min -+ 6 1
Max 67 59 75 0.831
© BMI recipient (kg/m?) -
<184 8(21.1) 6 (26.0) 12 (37.5)
18.5-24.9 23 (60.5) 10 (43.5) 15 (46.9)
25-29.9 8(18.4) 7(30.4) 5(15.6) 0.686
Co-morbidities - -
Diabetes 2(5.0) 3(13.0) 7(21.9) 0.110
Hypertension 21 (52.5) 13 (56.5) 17 (53.1) 0.951
Glomerulonephritis 21 (52.5) 9 (39.1) 12 (37.5) 0.379
PCKD 2(5.0) 2(8.7) 1(3.1) 0.721
*QOthers 3(7.5) 4(17.4) 5(15.6) 0.457
Obstructive uropathy 1(2.5) 2(8.7) 1(3.1) 0.555
SLE 1(2.5) 0 1(3.1) 1.000
Induction therapy with
basiliximab
Yes 14 (35.9) 9(39.1) 12 (37.5)
No 25 (62.5) 12 (52.2) 19 (59.4) 0.320
] D Ei}iyed allograft - .
function
Yes 6 (15.0) 3(13.0) 2(6.2)
No 34 (85.0) 20 (87.0) 30 (93.8) 0.557
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Tacrolimus trough level (ng/ml) (Mean (SD))

Selected time- RTM ITM STM

points (n=40) (n=23) (n=32) p-value

At discharge 6.7 (2.5) 7.9(3.4) 10.2 (4.8) 0.001
1 month 6.5 (2.1) 7.9(3.4) 11.6 (5.4) <0.001

3 months 7.3 (2.3) 9.3(3.0) 10.9 (4.9) <0.001

6 months 7.2 (3.0) 8.2(3.1) 11.2(5.7) 0.001

12 months 7.2(2.4) 7.7(2.7) 10.2 (5.3) 0.003
Average 7.0 (1.5) 8.2 (2.0) 10.8 (3.3) <0.001

Figure 3. Trendlines and a table demonstrating the mean tacrolimus trough concentration (ng/ml)
within the first year of kidney transplantation (at hospital discharge. one month, three months. six
months and at one year) among kidney allograft recipients as rapid, intermediate, and slow

metabolisers of tacrolimus.

4.7 Trends of allograft function and metabolic phenotype(s) of

the study population
Allograft function was assessed by the Modification of Diet in Renal Diseases (MDRD-4) equation.
The median eGFR among all three metabolic phenotype was above 60mls/min/1.73m?, demonstrating
good allograft function throughout the first year of transplantation (table 8). Slow metabolisers
demonstrated a lower eGFR (79.8mls/min/1.73m?) upon discharge compared to rapid and intermediate
metabolisers, 80.5mls/min/1.73m? and 85.3mls/min/1.73m? respectively. However, their average
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¢GFR steadily rose throughout the first year of kidney transplantation. Intermediate metabolisers had
the highest recorded eGFR (93.2 mls/min/1 73m?) in the 13 month, thereafter, a 13% decline was noted
at the end of the first year of kidney transplantation to the lowest eGFR at one year of kidney

transplantation as depicted in figure 5.
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Tacrolimus total daily dose (mg/day) (Mean (SD)) '
—Sdected _ RIM_______ 1M S stM
timepoints (n = 40) (n=23) (n=32) p-value
" At discharge 9527 7722 6824 <0.001
1 month 9.1 (2.7) 7.6 (2.0) 6.1 (2.2) <0.001
3 months 9.0 (2.4) 7.3 (2.1) 4824 <0.001
6 months 8.6(2.4) 6.3 (1.7) 4.2(2.0) <0.001
12 months 7.6 (1.9) 6.0 (1.7) 3.5(2.0) <0.001
Average 8.8 (2.0) 7.0 (1.5) 5.1 (1.5) <0.001
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Table 7. Steroid dose requirements among kidney allograft recipients as rapid, intermediate, and slow

metabolisers at selected time points within the first year of kidney transplantation

o Steroid dose (mg/day) (Mean (SD))

" Selected timepoints ~ RTM (n=40)  ITM(n=23) STM(@=32) p-value

 Atdischarge  18.7(6.6)  160(65  161(72)  0.168
1 month 16.9 (5.0) 14.2 (5.8) 13.8 (6.1) 0.036
3 months 12.6 (4.0) 10.9 (4.3) 10.1 (4.4) 0.045
6 months 9.4 (3.5) 8.6 (2.5) 8.0 (3.0) 0.162
12 months 72 (3.4) 7.2 (4.5) 53(1.2) 0.026
Average 13.0 (3.3) 113 (3.5) 10.7 (3.5) 0.014
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Figure 5. Trendlines demonstrating the average allograft function as measured by eGFR at selected
time-points within the first year of transplantation among kidney allograft recipients as rapid,

intermediate, and slow tacrolimus metabolisers.
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Table 8. Allograft function expressed as calculated eGFR among kidney allograft recipients as rapid.
intermediate. and slow metabolisers at selected time points within the first year of kidney

transplantation.

Median eGFR(mls/min/1.73m?)

Selected ﬁmépBinis - ﬁ'r_MEa = 4_105' o ]TMI;: = 23j7 STM fnw=3‘2‘) -p-value
At discharge 805 853 796  0.788
IQR (60.6 — 98.0) (63.2-99.6) (57.6-91.4)
1 month 90.3 922 84.2 0.655
IQR (67.5-102.3) (74.2-113.1) (67.3-97.9)
3 months T3 88.9 82.7 0.579
IQR (68.4 — 85.8) (66.2 — 105.6) (63.7-101.5)
6 months 83.5 86.5 87.2 0.933
IQR (68.0 - 92.0) (68.5-91.1) (62.2 - 138.0)
12 months 83.4 82.1 88.6 0.750
IQR (69.2 - 98.9) (63.0-106.3) (59.5-116.12)
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CHAPTER FIVE

DISCUSSION

Understanding pharmacogenetic mechanisms by which kidney allograft recipients metabolise
tacrolimus in the maintenance phase of immunosuppressive treatment is an important step towards
achieving precision medicine. Herein, we present the distribution of tacrolimus metabolic phenotypes
by calculating tacrolimus dose-adjusted trough concentration (Co/D ratio), a key genotype predictor
(9) and prognostic indicator of graft survival(11), among kidney allograft recipients taking tacrolimus
at the Kenyatta National Hospital. The study found that 42% of kidney allograft recipients taking
tacrolimus are rapid metabolisers (Co/D ratio < 1.05), CYP3A5*1*1 carriers, while 33.7% and 24.2%
are slow and intermediate metabolisers (Co/D ratio > 1.05) respectively. A similar trend was noted in
a study of multiracial patients in South Africa where rapid tacrolimus metabolisers were 72% of the
43 patients and all black patients in that study were reported to be rapid metabolisers(54). This figure
is notably higher as rapid (CYP3A5*1*1 carriers) and intermediate (CYP3A5*1/*3 carriers) were
aggregated and classified as rapid metabolisers due to the common CYP3A5*1 allele. In Southeast
Asia and North Africa, the frequency of rapid metabolisers was found to be 5.9% and 15% respectively
while that of slow metabolisers was shown to be 70% and 85% respectively(55,56). Both studies
included individuals carrying one or both CYP3A5%*3 alleles (intermediate and slow metabolisers) in
the slow metabolisers group thus accounting for the higher proportion. Slow and intermediate
metabolisers in black ethnic groups were demonstrated to be carriers of one or both CYP3A5*3,
CYP3A5%6, and CYP3A5*7 alleles(57), possibly accounting for this proportion in our setup. This
study found an even distribution of CYP3AS5 expressors and non-expressors in our population, possibly

corroborating with the diversity of the CYP3AS gene in the African setting(58).

The tacrolimus dose required to achieve therapeutic range tacrolimus trough level is higher in rapid
metabolisers (CYP3A5*1/*1) due to increased CYP3AS enzyme activity. This study found that rapid
metabolisers required a 42% higher average total tacrolimus daily dose of 8.8mg compared to 5.1mg
for the slow metabolisers, a difference that was statistically significant throughout the first year of
transplant (p value of < 0.001). Tacrolimus trough concentrations were 35% higher in the slow
metabolisers group compared to the rapid metabolisers. These findings compare well with data from
diverse racial groups worldwide(59). There was a notable reduction in steroid dose requirement
throughout the first year within all groups. We found the lowest average steroid dose requirement

among slow tacrolimus metabolisers (10.7mg) compared to intermediate (11.3mg) and fast (13.0 mg)
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tacrolimus metabolisers, a difference that was statistically significant. Carriers of at least one
CYP3A5*3 allele (intermediate and slow tacrolimus metabolisers) have been shown to require a lower
steroid dose to maintain therapeutic range tacrolimus trough concentration. Steroids induce expression
of CYP3A through pregnane X receptor thus increasing tacrolimus metabolism, therefore steroid
tapering lowers this stimulatory effect(38,60). This possibly explains the difference in steroid

requirement between the slow, intermediate, and fast metabolisers in this setup.

This study found lower allograft function among rapid and intermediate metabolisers compared to
slow tacrolimus metabolisers. Patients with lower Co/D ratios demonstrate higher fluctuations in
tacrolimus drug levels between subsequent doses therefore susceptible to tacrolimus nephrotoxicity
due to high peak tacrolimus concentrations(61). High tacrolimus intra-patient variability leads to
alternating periods of immune-activation with subclinical rejection and tacrolimus-mediated toxicity
and target-organ damage(62). Intra-patient variability, one of the predictors of reduced graft
function(63,64), appears to be higher in rapid and intermediate metabolisers (carriers of at least one
CYP3A5*1 allele)(65). However, whether the genotype and subsequent metabolic phenotype directly
influences intra-patient tacrolimus variability is yet to be fully determined. This is partly due to varied
definitions of intra-individual variability(66—68). Although this study did not set out to determine intra-
patient variability in our population, the phenomenon partly explains the lower eGFR among the rapid

and intermediate metabolisers compared to the slow metabolisers.

A positive correlation between Co/D ratio, genotype status and graft function has been previously
demonstrated (53,69). The United Network for Organ Sharing (UNOS) in 1994 showed that black
recipients had inferior graft outcomes due to donor-recipient HLA mismatches, socioeconomic
differences and impaired access to healthcare services(70). Ten years later, with genotype testing, poor
outcomes in African-Americans were also attributed to higher tacrolimus dose requirements due to
fast metabolism(71). Genotypic testing partly elaborated on an important observation in kidney
transplantation outcomes. Although the difference was not statistically significant in our study, one-
year eGFR was lower in fast metabolisers compared to slow metabolisers. Potential reasons could be
higher rates of subclinical rejection episodes as observed in black recipients(72) and tacrolimus-
mediated nephrotoxicity, as noted in patients with lower Co/D ratio(73). In this study, it was noted that
intermediate metabolisers had the lowest eGFR at the end of the first year of kidney transplantation.
The hypothesis is that a discrepancy between the observed phenotype and an individual’s genotype-
based diagnosis may exist, a phenomenon known as phenoconversion. This could be a result of non-

genetic factors such as food-drug interactions, drug-drug interactions, and inter-current illnesses. In
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this study, it may have been due to a prolonged dialysis vintage time due to chronic uraemic exposure,
one factor known to increase the Co/D ratio in kidney transplant recipients therefore phenoconverting
fast metabolisers into intermediate metabolisers(74). Alternatively, unique CYP3AS5 alleles found in
African Americans may have variable levels of metabolic influence on tacrolimus dose(57,75).

Altogether, additional factors not deducible from this study’s limited design play a significant role.

The study found that more than half (54%) of the female kidney transplant recipients were fast
tacrolimus metabolisers compared to 37% of the male recipients. Consistent with previously published
literature, females, especially of black race, demonstrate rapid tacrolimus clearance compared to the
male gender and persons of white race(76). Several other factors that determine candidacy for kidney
transplantation such as socioeconomic status must have influenced our study population as a
determinant of access to kidney transplantation. The average age of rapid tacrolimus metabolisers in
this study was 33 years, the lowest among all three groups (37 years for both intermediate and slow
metabolisers). This age difference was not statistically significant possibly due to homogeneity of our
population. Previous research demonstrated that rapid metabolisers tend to be younger (< 50 years of
age), as in our population, and this age effect appears to be independent of the recipient’s genotype
and the type of solid organ transplantation(77-79). Known predictors of slow metabolisers are male
gender, older age (>60 years of age) and a higher BMI(80). Of note, individuals with a BMI of more
than 24.9kg/m” are phenotypically slow metabolisers and as a result, demonstrate higher tacrolimus
trough concentration. This effect also persists despite the genotype status(81). In this study, more than
half of the individuals were of optimal BMI and of the twenty individuals with a BMI greater than
24.9kg/m?, 40% and 25% were rapid and slow tacrolimus metabolisers respectively. These findings

did not replicate the BMI-effect, likely due to the small number of individuals in that bracket.
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Conclusions:

The study results suggest that:

1.

il

Forty-two percent of kidney transplant recipients in our population are rapid metabolisers with
a high tacrolimus dose requirement.

Rapid metabolisers are at risk of deteriorating allograft function within the first year compared
to intermediate and slow tacrolimus metabolisers, especially if dose adjustment is solely guided
by tacrolimus trough concentration. It is plausible that phenoconversion may play a role in
influencing a patient’s metabolic phenotype and determine the subsequent tacrolimus dose

requirement.

Limitations:

1.

ii.

iil.

This is a single centre study with a small sample size thus affecting generalisability of the
findings.

One-year of follow up is short compared to studies that compare 2-year and 5-year outcomes.
The study did not account for the effect of co-medications that may induce and/or inhibit drug

metabolising enzymes and transporters (DMETs) involved in tacrolimus disposition.

iv.  This may affect the tacrolimus trough level reported, interfere with the Co/D ratio thus resulting
in metabolic phenotype reclassification. The study did not explore the role of other enzymes
(CYP3A4) and transporters (ABCB1) that play a role in tacrolimus pharmacokinetics.

v.  The effect of different formulations of tacrolimus was also not explored in this study.

Strengths:

The study forms a basis for future pharmacogenetic studies, not only locally but also in East Africa,

leveraging on genetic information for precision medicine to improve long-term outcomes, within organ

transplantation clinical practice and beyond.

Recommendations:

i

il

A prospective pharmacokinetic study to determine the full concentration-time profile of
tacrolimus in kidney allograft recipients and correlate this information with allograft function
beyond one year and important transplant-related outcomes such as rejection.

Genotypic testing to definitively determine the status of clinically relevant drug-metabolising

enzymes and transporters.
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APPENDICES

Appendix 1: Data Abstraction Form

SECTION A: Demographic Data:
Al: Date of kidney transplant (dd/mm/yyyy): _ /

A2: Age of recipient at transplant (years):

A3: Recipient sex: (1) Female (2) Male
A4: Weight of recipient (kilograms):

AS: Height of recipient (metres):

A6: Donor sex: (1) Female (2) Male
A7: Weight of donor (kilograms):

A8: Height of donor (metres):

A9: Donor age at nephrectomy (years):

A10: Donor creatinine from DTPA scan:

A1l: Recipient co-morbidities / aetiology of CKD:

I.  Diabetes: (1) Yes (2)No
II.  Hypertension: (1) Yes (2)No
1.  HIV: (1) Yes (2)No
IV.  Glomerulonephritis. (1) Yes (2)No
V. Polycystic Kidney Disease: (1) Yes (2) No
VI.  Obstructive uropathy: (1) Yes (2)No
VII. SLE: (1) Yes (2)No
VIII.  Others: (1) Yes (2)No

A12: Dialysis vintage time (months):

A13: HLA mismatch:

A14: Induction therapy: (1) Yes (2)No
A135: Delayed allograft function: (1) Yes (2) No
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SECTION B: Medication-related variables:

Discharge | month month

At hospital | 1% (+ 1 wk.) | 3" (+ 3wks)

6" (=

month

1)

12% @& 1)

month

B1: Haematocrit

B2: Albumin

B3: Tacrolimus trough

levels (ng/ml)

B4: Tac total daily dose
(mg)

BS5: Antiproliferative agent
i.  None (0)

i. MPA (1)

ii. AZA (2)

B6: Creatinine

B7: Steroid dose

SECTION C: Outcome variables:

C1. Creatinine at one year (umol/L):

C2: Number of clinical rejection episodes:
C3: Number of biopsy-proven rejection:

C4: Post-transplant diabetes mellitus: (1) Yes (2)No

If yes, indicate date of diagnosis (dd/mm/yyyy): I
C5: Post-transplant Infectious complications:
i. CMV: (1) Yes (2)No

If yes, indicate date of diagnosis (dd/mm/yyyy): b
ii.  Disseminated fungal infections: (1) Yes (2) No

If yes, indicate date of diagnosis (dd/mm/yyyy): it
ii.  Tuberculosis (TB): (1) Yes (2)No

If yes, indicate date of diagnosis (dd/mm/yyyy): ¢
iv.  BK polyoma virus (1) Yes (2) No

If yes, indicate date of diagnosis (dd/mm/yyyy): A

C6: Return to dialysis within one year: (1) Yes (2) No

If yes, indicate date of diagnosis (dd/mm/yyyy): /!

44




Appendix 2: KNH/UoN Ethics Review Committee Approval Letter

UNIVERSITY OF NAIROBI KENYATTA NATIONAL HOSPITAL
FACULTY OF HEALTH SCIENCES P O BOX 20723 Code 00202

P O BOX 19678 Code 00202 KNH-UON ERC Tel: 120300-9
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Req. No.H58/37708/2020 L
Dept. of Cnical Medicine & Therapeutics A BT
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Dear Dr. Otieno,

RESEARCH PROPOSAL: PATTERNS OF TACROLIMUS METABOLISM AND KIDNEY ALLOGRAFT OUTCOMES AT THE
KENYATTA NATIONAL HOSPITAL  (P271/03/2022)

This is fo inform you that KNH-UoN ERC has reviewed and approved your above research proposal. Your
application approval number is P271/03/2022. The approval period is 28% June 2022 - 27* June 2023.

This apprcyval is subject to compliance with the following requirements;
i Only approved documents including (informed consents, study instruments, MTA) will be used.
i. Al changes including (amendments, deviations, and violations) are submitted for review and
approval by KNH-UoN ERC.

ii. Death and life threatening problems and serious adverse events or unexpected adverse events
whether related or unrelated to the study must be reported to KNH-UoN ERC 72 hours of

iv.  Any changes, anticipated or otherwise that may increase the risks or affected safety or welfare of
shﬂypaﬁdpantsandoﬂmmoraﬁedﬂnhﬂegmyo!memseamhmustbampommmﬂw
ERC within 72 hours.

v.  Clearance for export of biological specimens must be obtained from relevant institutions.

vi. Submission of a request for renewal of approval at least 60 days prior to expiry of the approval
period. Attach a comprehensive progress report to support the renewal.

vi.  Submission of an executive summary report within 90 days upon completion of the study to KNH-
UoN ERC.

Protect fo discover
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