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ARTICLE INFORMATION ABSTRACT
Article history
Received (14 December 2025) Introduction: Polymorphisms in the CYP3A4, CYP3A5, and ABCB1 genes play a significant
Revised (30 December 2025) role in the response to tacrolimus therapy in kidney transplant patients. Tacrolimus, a
Accepted (31 December 2025) commonly used immunosuppressant, has a narrow therapeutic index and is highly

influenced by individual genetic variation. These genetic polymorphisms significantly
affect the response to tacrolimus therapy in patients undergoing kidney transplantation.
Inaccurate dosing can lead to serious consequences: a tacrolimus dose that is too low

Keywords increases the risk of acute rejection, while a dose that is too high can cause nephrotoxicity
Keywords must contain at least and other serious side effects. Therefore, accurate initial dosing of tacrolimus is critical in
three to five keywords the clinical practice of kidney transplantation..

Methods: The article search was conducted using the CrossRef database, which provides
access to a wide range of scientific journals. The research focused on studies published
within the last five years, ensuring that only those addressing polymorphisms related to
the CYP3A4, CYP3A5, and ABCB1 genes in the context of tacrolimus were included. A total
of 18 studies met the inclusion criteria and were subjected to further analysis.

Results: Previous analyses revealed that CYP3A5 polymorphisms are the most consistent
genetic factors influencing tacrolimus metabolism. Individuals with the *1/*1 or *1/*3
genotypes express the enzyme and metabolize tacrolimus more rapidly, requiring higher
doses—initial recommendations range from 0.14 to 0.18 mg/kg/day for immediate-
release formulations and up to 0.2 mg/kg/day for extended-release formulations.
Consequently, expressers often require higher maintenance doses to maintain therapeutic
baseline concentrations. Studies suggest that they may need doses up to 50% higher than
non-expressors to achieve similar blood levels, with the average daily dose for expressers
being approximately 0.151 mg/kg, compared to 0.089 mg/kg for non-expressors.
Meanwhile, non-expressors with the *3/*3 genotype experience a greater risk of toxicity
with increasing baseline concentrations, although the contributions of CYP3A4 and ABCB1
vary by ethnicity and transplant stage.

Conclusions: From the results of this review, it can be concluded that CYP3A5 gene
polymorphisms are the primary predictors of tacrolimus dose requirements.
Recommendations for implementing CYP3A5 genotyping before transplantation may
enhance the efficacy of immunosuppression and reduce the risk of toxicity. Further research
is necessary to develop more adaptive, pharmacogenetic-based dosing models and to
evaluate the clinical factors influencing tacrolimus pharmacokinetics.

representing the main content
of the article

Introduction

Tacrolimus is the primary immunosuppressant drug most widely used in kidney
transplantation to prevent organ rejection; however, its clinical use is characterized by marked
interindividual variability, largely driven by genetic factors. This variability in drug exposure
increases the risk of graft rejection or drug-related toxicity. Tacrolimus metabolism is
predominantly mediated by the cytochrome P450 enzymes CYP3A4 and CYP3A5, while its
intestinal absorption and distribution are influenced by the P-glycoprotein transporter encoded
by the ABCB1 gene (Mukkavilli et al, 2024a). Genetic polymorphisms in these genes can
substantially alter tacrolimus pharmacokinetics and consequently affect individual dose
requirements, underscoring the importance of personalized dose optimization to achieve
therapeutic drug concentrations. Therefore, the objective of this narrative review is to evaluate
and synthesize current evidence on the combined influence of CYP3A5, CYP3A4, and ABCB1
genetic polymorphisms on tacrolimus dosage requirements and clinical outcomes in kidney
transplant recipients, with the aim of supporting genotype-guided dosing strategies.
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This variability is primarily influenced by genetic factors that modulate the
pharmacokinetics of tacrolimus. The metabolism of this drug depends on the CYP3A4 and
CYP3AS5 enzymes, while its distribution and transport are largely influenced by P-glycoprotein,
which is encoded by the ABCB1 gene (Cusinato, Lacchini, Romao, et al,, 2014; Mukkavilli et al.,
2024a). Polymorphisms in these three genes have been shown to cause differences in dosage
requirements among patients. CYP3A5 is the most consistent predictor, with patients carrying
the *1/*1 or *1/*3 genotype (expressors) requiring higher doses of tacrolimus to achieve target
therapeutic levels compared to those with the *3/*3 genotype (non-expressors), who are more
susceptible to toxicity due to higher drug exposure (D. A. Brazeau et al., 2020; Htun et al., 2020a;
Mukkavilli et al., 2024b). Additionally, CYP3A4 polymorphisms, particularly *1B, have been
shown to influence dose requirements in certain populations (Hannachi et al., 2024a). Variants
of ABCB1, such as C3435T and 2677G>T, are associated with altered tacrolimus absorption and
clearance, thereby impacting both efficacy and the risk of toxicity (D. Brazeau, 2025a; Kwakyi et
al,, 2023a).

The clinical implications of genetic variations in CYP3A4, CYP3A5, and ABCB1 are
significant, as they directly influence tacrolimus blood levels, initial and maintenance dose
requirements, and the risk of organ rejection and toxicity in kidney transplant patients.
Tacrolimus, as a primary immunosuppressant, undergoes complex metabolism influenced by
multiple genetic factors that influence its pharmacokinetics. Studies have shown that genetic
variations, particularly in CYP3AS5, result in significant differences in tacrolimus levels and
efficacy. Individuals with the CYP3A53/3 genotype (non-expressers) exhibit a higher area under
the curve (AUC) for tacrolimus compared to expressers with the CYP3A51/3 or CYP3A51/1
genotype in the early post-transplant phase (Mukkavilli et al., 2024a; Rotarescu et al.,, 2024a).
Some alleles, particularly CYP3A53, are known to be common variants that can cause variation
in enzyme expression in the population. Studies have shown that individuals with the active
allele of CYP3A5 (CYP3A51) require higher doses of tacrolimus to achieve therapeutic
concentrations compared to CYP3A5 non-expressers (CYP3A5*3)(D. A. Brazeau et al.,, 2020;
Htun et al,, 2020b). This dose increase is often associated with an increased risk of side effects
and acute rejection in post-transplant patients (Kwakyi et al., 2023b; Mukkavilli et al., 2024a;
Seligson et al.,, 2024a). Research conducted by Srinivas et al., showed that CYP3A53 is a major
determinant of tacrolimus concentrations and can be used to build a genotype-based dose
prediction model (Srinivas et al., 2021)

Although CYP3A5 has a more significant influence on tacrolimus metabolism, genetic
variation in CYP3A4 also plays a crucial role (Hannachi et al., 2024a)(Li et al, 2014). The
CYP3A4*1B polymorphism, while less impactful than CYP3A5 variations, may affect tacrolimus
dosage requirements, particularly in specific populations such as Black individuals (Provenzani,
2011). Research indicates that accounting for genetic variations, including polymorphisms in
CYP3A4, is essential to reducing the risk of therapy failure (Li et al., 2014)(D. Brazeau, 2025b).
ABCB1, which encodes P-glycoprotein (P-gp), serves as the primary transporter of tacrolimus
and plays a role in the drug's absorption in the gastrointestinal tract and clearance from the
bloodstream (Rotarescu et al., 2024b). Polymorphisms such as C3435T and 2677G>T in the
ABCB1 gene have been significantly associated with tacrolimus metabolism and efficacy
(Kwakyi et al, 2023c). Individuals with variants in the P-gp gene may experience altered
tacrolimus bioavailability, necessitating dose adjustments to achieve optimal therapeutic
concentrations (D. Brazeau, 2025b).

A study suggests that genetic variation in ABCB1 may contribute to side effects and
treatment responses in the context of kidney transplantation (Pallio et al., 2020). Furthermore,
combined polymorphisms in CYP3A5 and ABCB1 appear to correlate with higher dose
requirements and may impact overall transplant outcomes (Seligson et al., 2024b)(Cusinato,
Lacchini, Romao, et al.,, 2014). The functionality of the P-glycoprotein transporter encoded by
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the ABCB1 gene is crucial in this context. Since tacrolimus is a substrate of P-gp, genetic
variations in ABCB1 may influence plasma tacrolimus levels. These differences can affect
tacrolimus excretion by renal cells, thereby contributing to the risk of renal toxicity in
transplant recipients. Low-function ABCB1 genotypes may increase the likelihood of kidney
damage due to elevated levels of unutilized tacrolimus within renal cells.

Therefore, calculating doses based solely on body weight without considering an
individual's genetic profile can lead to inaccuracies in dose determination, ultimately hindering
therapeutic success. A personalized dosing approach based on pharmacogenetic principles is
essential for optimizing immunosuppressive effectiveness while reducing the risk of toxicity
and organ rejection (Mukkavilli et al., 2024a; Srinivas et al., 2021). However, most previous
studies have primarily analyzed the contribution of each gene separately, despite the fact that
tacrolimus metabolism and distribution involve complex processes with simultaneous
interactions between CYP3A4, CYP3A5, and ABCB.

To address this gap, the objective of this narrative review is to systematically synthesize
and compare current evidence on the contributions of the CYP3A4, CYP3A5, and ABCB1 genes
to tacrolimus dosing requirements and clinical outcomes in kidney transplant patients. By
integrating findings from pharmacogenetic and clinical studies, this review aims to clarify the
relative and combined influence of these genes on interindividual variability in tacrolimus
response and to strengthen the scientific rationale for implementing personalized medicine
approaches in tacrolimus therapy within clinical practice.

Methods

A comprehensive literature search was conducted using the CrossRef database to identify
key articles on the influence of genetic polymorphisms on tacrolimus metabolism and their
clinical implications in kidney transplant patients. The search took place on November 17, 2025,
using the medical keywords: “immunosuppressant,” “kidney transplantation,” “gene
polymorphisms,” “therapeutic,” and “tacrolimus.” Filters were applied to extract articles from
clinical trials and randomized controlled trials involving adult participants (>18 years), limiting
the results to full-text English-language publications. Additional studies were identified through
manual reference searches of the selected articles.

Inclusion criteria for study selection were as follows: publication between 2020 and 2025;
English-language articles; original research evaluating the association between genetic
polymorphisms and tacrolimus therapy response in kidney transplant patients; participants
who were adult kidney transplant recipients (>18 years of age); and studies reporting the
impact of genetic variation on tacrolimus therapy outcomes, including initiation, drug level
stability, efficacy, and clinical safety. Exclusion criteria included in vitro studies, animal studies,
non-peer-reviewed articles, editorials, conference abstracts, and non-systematic reviews.

Since this study is a narrative review, no formal protocol registration or systematic
screening was conducted following PRISMA guidelines. The selection process prioritized
scientific relevance and methodological quality, facilitating a comprehensive synthesis of the
current evidence. It involved reviewing titles, abstracts, and full texts of potential studies. Data
from the eligible studies were descriptively extracted, focusing on the following variables: study
characteristics (design, location, sample size); intervention details (the relationship of CYP3A4,
CYP3AS5, and ABCB1 polymorphisms to tacrolimus pharmacokinetics); clinical outcomes (graft
function, incidence of acute rejection, nephrotoxicity, infections, and other adverse events); and
key findings along with the clinical implications of pharmacogenetics.

The findings from the identified literature were narratively synthesized using a
comparative and integrative analytical approach, in which studies were systematically
examined and grouped into key clinical domains, including graft function, tacrolimus
concentration stability, patient and graft survival, and adverse events. Rather than performing a
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meta-analysis, which was not feasible due to heterogeneity in study designs, genetic analysis
methods, and outcome reporting, a qualitative cross-study analysis was conducted to identify
consistent patterns, contrasts, and clinically relevant trends across different populations and
post-transplant phases. The results were then critically interpreted to evaluate both the
individual and combined contributions of CYP3A5, CYP3A4, and ABCB1 polymorphisms in
determining tacrolimus pharmacokinetics, dose requirements, and clinical response in kidney
transplant recipients.

Results

Out of the 990 articles identified through the literature search process in the CrossRef
database, 816 articles were excluded during the initial screening stage due to incompleteness
and duplication. Subsequently, 174 articles were selected based on the relevance of their titles
and abstracts. A full-text evaluation was then conducted using established inclusion and
exclusion criteria. Sixty-six articles were excluded because they did not discuss kidney
transplantation, 48 articles did not focus on the CYP3A4, CYP3AS5, and ABCB1 genes, and 42
articles were inaccessible. Ultimately, a total of 18 articles met the eligibility criteria and were
included in the final analysis. This selection process is illustrated in Figure 1 below
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Figure 1. Flowchart of article search and identification

In this narrative review, we present the results of an analysis of the association between
the CYP3A4, CYP3A5, and ABCB1 genes and tacrolimus dose requirements and concentrations
in patients undergoing kidney transplantation, as summarized in Table 1. This table provides an
overview of recent studies that explore the polymorphisms of CYP3A4, CYP3A5, and ABCB1
genes and their impact on tacrolimus pharmacokinetics.

Table 1. Relationship of CYP3A5, CYP3A4, and ABCB1 Genes with Tacrolimus Dose
Requirements.

No

Authors Country / Genes Studied Design and Results Genes Main Study
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(Year) Population Number Described Findings Weaknesses
Hannachi  Tunisia / CYP3A4*1B, Cross- Distribution  The dominant No direct
et al Healthy CYP3A4*22, and sectional; of CYP3A4, alleles in Tunisian correlation with
(2024) subjects & CYP3A5*3 101 kidney CYP3A5 ethnicity were CO/D or clinical

Kidney transplant polymorphis CYP3A4*1B outcome
transplant patients + ms & (0.87),
patients 102 healthy metabolizer = CYP3A4*22
subjects status (0.975), and
CYP3A5*3 (0.82).
Important
information  for
predicting TAC
dose based on
ethnic group
Jia et al China/kidney CYP3A5*1/*1, Retrospective CYP3A5 Expresser Single center,
(2024) transplant *1/*3 correlational, polymorphis genotypes (*1/*1 moderate sample
patients 105 patients m & acute or *1/*3) were size, did not
immune more common in explore other
rejection the acute rejection clinical factors in
events group; there wasa depth
significant
correlation
between CYP3A5
polymorphisms
and rejection risk,
even though TAC
levels were
similar  between
groups.
Hirai et al Japan/ CYP3A5(*1/*1, Retrospective Correlation Non-expressers Small sample,
(2022) kidney *1/*3) cohort, 42 between C/D had higher C/D only 1 center and
transplant expressers  vs patients Ratio and and HbAlc, with 1 dosage form
patients CYP3A5(*3/*3) HbAlc levels significant (controlled-
non-expressers with TAC at increases in C/D. release).
7 days, 6 and CYP3A5 and
12 months glycemic control
explained long-
term TAC
variability.
Tanaka et Japan/Kidney Expressors Observationa  Pre- CYP3A5 non- Pre-transplant
al (2021)  transplant (CYP3A5*1/*1 1, 48 patients  transplant expressors phase only and
patients and *1/*3) vs. TAC C/D and (higher TAC C/D); limited
non-expressors iPTH levels high iPTH also generalization
(CYP3A5*3/%*3) increases C/D.
CYP3AS5 and iPTH
play a role in TAC
dose adjustment
before
transplantation
Muller et South rs776746A>G Retrospective CO/TAC CYP3A5 The small sample
al (2020)  African/Multi (CYP3A5). Cohort. Dose, IPV, expressers size for each
-Ethnic rs776746A>G 43 patients Differences required ethnic subgroup
Kidney (CYP3A5*3). (35% Black Between approximately is a limitation of
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Recipients African, 44%  Ethnicities twice the the study.
Mixed tacrolimus (TAC)
Ancestry, dose compared to
21% White) non-expressers.

Non-expressers
(genotype *3/*3)
exhibited higher
concentrations-to-
dose ratios (C/D)
and greater
interindividual
variability (IPV).
The frequency of
expression was
higher among
individuals of
Black ethnicity,
necessitating a
higher initial dose.

6 Brazeau United CYP3A5*3(rs77  Cross- The effect of  The ABCB13435C The sample size
et al States/Black  6746), sectional CYP3A5and >T allele is relatively
(2020) & Caucasian *6(10264272), PK/PGx. ABCB1 significantly small,

kidney *7(41303343) 65 patients. polymorphis  reduced emphasizing

transplant composite ms on tacrolimus pharmacokinetic
patients (Extensive, tacrolimus clearance across s (PK) rather
Intermediate, dose and all three CYP3A5 than long-term
Poor area under metabolizer clinical
Metabolizer). the curve composite groups  outcomes.
ABCB1 1236C > (AUQ) is (*3, *4, and *5).
T (rs1128503), significant. Genetic factors
2677G>T/A contribute to
(rs2032582), interpatient
and 3435C>T variability in
(rs1045642). tacrolimus
pharmacokinetics
between White
and Black
individuals.

7 Srinivas et South CYP3A5*3, Prospective CO/DTACon CYP3A5*3 wasthe For the Kerala
al (2021) India/kidney = CYP3A4*1B, observational day 6, 6 single factor most  population

transplant CYP3A4*1G, , 145 patients months, 1 closely associated  specifically,

patients ABCB1 G2677T, year; with the external
and ABCB1 rejection & determination of  validation is not
C3435T) NODAT tacrolimus yet available.
concentration to
dose ratio (C0/D)
in blood at all
three time points
(p<0.001).

8  Kwakyi et Ghana/ESRD  CYP3A5*3 Cross- The A small Only 5 transplant
al (2023)  (dialysisand (6986A G), sectional, 87  influence of = proportion of patients, so for

some CYP3A4*1B patients polymorphis  patients are PK analysis is

transplant (-290A G) and ms (SNPs) on homozygous for limited.
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patients) MDR1 tacrolimus the CYP3A53 gene

dose (4.6%), while the

requirement  majority (79.31%)

S. are homozygous
for the CYP3A41B
gene (-290A > G),
which influences
the dose
requirements for
potential
tacrolimus (TAC)
recipients.

9 Wangetal China/kidney CYP3A5 and 15 Clinical study, The effect of CYP3A5 genotype Single ethnicity
(2020) transplant other SNPs 406 patients ~ HB levels and Hb level were (Chinese), needs

patients and the most validation in
polymorphis  significant other
ms on predictors of populations
tacrolimus Co/D.
concentratio
n

10 Zhang et Japan/kidney CYP3A5 Prospective Intrarenal Ctissue correlated Small sample,

al (2020)  transplant recipient observational TAC weakly but did not assess
patients donor , 52 patients, concentratio significantly with patient
74 biopsies n (Ctissue) & CO; however, it genotype.
CO; donor was not
CYP3A5 associated  with
genotype the donor CYP3A5
genotype.
Intrarenal
exposure was
more influenced
by systemic levels
than by donor
genetic factors.

11 Mukkavilli India/kidney CYP3A4 (-392 Prospective Tacrolimus CYP3A5 In only one
et al transplant G>A), CYP3A5 cohort levels, C/D, polymorphisms country have
(2024) patients (6986 A>G), 327 patients C/D/BB, are associated drug interactions

ABCB1 (3435 rejection with  tacrolimus been explored in
T>C) events & metabolism and detail. CYP3A4
toxicity risk of rejection. and ABCB1 did
not show a

significant

association.

12 Rotarescu Romania / ABCB1 Retrospective Tacrolimus ABCB1 gene Small sample
et al kidney (3435C>T, ,162 levels, polymorphisms size for some
(2024) transplant 1236C>T, genotype, are associated gene  variants;

patients 2677G>T/A) haplotype, with TAC levels; single-center
and genetic variations study design
diplotype affect TAC
metabolism.

13 Chang et Taiwan/kidn CYP3A5*1/*1 vs Retrospective Initial Non-expressers Prospective
al (2025) ey transplant non*3/*3 cohort, 431 tacrolimus (*3/*3) required trials of the

patients patients dose the greatest dose dosage algorithm
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requirement
S and
simulation
based on

genotype

and
the

adjustments
experienced
most
overexposure
(£34%).
Simulations
showed
genotype
dosing  reduced
the risk of
overexposure
(x69%).

that
based

have not been

performed.

15 Prasad et

al, (2020)

North
India/kidney
transplant
patient

CYP3A5*1*1
CYP3A5*1*3
CYP3A5*3*3

Prospective
observational
, 248 patients

TAC dose
requirement
S, Co/D,
combination
with MDR1

CYP3A5
expressers
require higher
tacrolimus (TAC)
doses, and the
combination of
CYP3A5
expressers  with
the MDR1
G2677T/A variant
has the highest
daily TAC dose
requirement. In
contrast, non-
expressers
require lower
doses and exhibit
higher
concentrations-to-
dose ratios (C/D).

Early post-
transplant focus,
limited long-
term  outcome
follow-up.

16 Zhang et

al (2023)

China/kidney
transplant
patients

CYP3A5*1/*1,
*1/*3
(ekspreser) vs
*¥3/*3

Multicenter
prospective
observational
cohort, 145
patients

Time and
proportion
reaching
target  and
mean dose of
tacrolimus

Non-expressers
were faster and
more likely to
reach target TAC
levels.

Initial focus one
month, not yet
assessing long-
term effects
(rejection,
survival).

17 Cheng et

al (2021)

China/kidney
transplant
patients

CYP3A5,
CYP3A4*1B,
CYP3A4*22,
ABCB1, ABCC2Z,
POR*28, or PXR.

Retrospective
, single
center, 201
patients

C0/D  TAC,
outcome
(AR, PTDM,
diarrhea)

CYP3A5 is clearly
associated  with
TAC CO/D; other
genes are
inconsistent.
Clinical factors
(RBC, Hb,
albumin) and
Wuzhi capsule
also influence
C0/D. High TAC
concentrations
are associated
with increased
diarrhea and

There is no
genotype-based
dosing
intervention.
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PTDM, not acute

rejection.
18 Chen et al China/early CYP3A5 Retrospective CO0/D  TAC CYP3A5 non- Only an
(2021) post- 6986A>G cohort; 188 day expressors + IL-10 phase, not yet
transplant (expresser) and  patients 5,10,15,30 low activity (TT) linked in detail
kidney IL-10 -819C>T genotype: CO/D to long-term
patients TAC was highest, clinical
while the outcomes.

combination of IL-
10 and CYP3AS5
influenced  TAC
dose
requirements
early post-
transplant.

*concentration/dose-normalized by body weight (C/D), tacrolimus (TAC), acute rejection (AR), trough
levels (CO), dose-adjusted tacrolimus trough concentration (CO/D), intra-patient variability (IPV). new-
onset diabetes mellitus after transplantation (NODAT)

Discussion

The findings of this narrative review consistently demonstrate that CYP3A5 gene
polymorphisms are the most influential genetic determinants of tacrolimus metabolism and
dose requirements in kidney transplant recipients (Hannachi et al., 2024b; Khan et al., 2025;
Srinivas et al.,, 2021). Patients carrying at least one functional CYP3A5*1 allele (*1/*1 or *1/3),
classified as expressers, exhibit faster tacrolimus metabolism, lower trough concentrations, and
consequently require higher doses to achieve therapeutic targets. In contrast, individuals with
the CYP3A53/*3 genotype (non-expressers) show slower metabolism, higher dose-adjusted
exposure, and lower dose requirements, but are at increased risk of overexposure and toxicity
(Khan et al,, 2025; Mendrinou et al., 2020). Across multiple studies, optimal starting doses for
non-expressers generally range from 0.08-0.10 mg/kg/day, whereas expressers typically
require 0.14-0.18 mg/kg/day, confirming that tacrolimus dosing based solely on body weight is
insufficient (Birdwell et al., 2015; Mendrinou et al., 2020; Qu et al., 2017).

Ethnic differences further modulate these observations, with studies reporting a higher
prevalence of CYP3A5 expressers among Black and certain Asian populations, who may require
up to twofold higher doses compared to predominantly White non-expressor populations (D.
Brazeau, 2025a; D. A. Brazeau et al.,, 2020; Mendrinou et al.,, 2020). Prospective and cohort
studies, including those conducted in South Asia, have consistently shown that the CYP3A5*3
genotype is a strong predictor of the concentration-to-dose ratio (C0/D) at early and late post-
transplant time points (Srinivas et al,, 2021). These findings reinforce the robustness of CYP3A5
as a predictor of tacrolimus exposure across diverse clinical settings.

In addition to genetic factors, clinical parameters such as hemoglobin levels, glycemic
status (HbA1c), intact parathyroid hormone (iPTH), and intra-patient variability (IPV) have
been shown to significantly influence tacrolimus pharmacokinetics (Hirai et al., 2023; Muller et
al, 2020; Tanaka et al., 2021). Elevated HbAlc and iPTH levels, particularly in CYP3A5 non-
expressers, are associated with higher CO/D ratios, indicating increased systemic exposure
(Hirai et al., 2023; Tanaka et al., 2021). High IPV further complicates long-term therapy,
reflecting fluctuations in tacrolimus exposure over time and underscoring the dynamic nature
of dose requirements beyond the initial post-transplant period (D. Brazeau, 2025a; Qin et al,,
2024).

From a pharmacokinetic perspective, the observed differences in dose requirements
between CYP3AS5 expressers and non-expressers can be explained by variations in drug
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clearance and systemic exposure (Chen & Prasad, 2018). While therapeutic drug monitoring
based on trough concentration (CO) remains the standard of care, accumulating evidence
suggests that CO alone may not accurately reflect intrarenal tacrolimus exposure or
immunological activity (Van Gelder et al., 2014). This limitation supports theoretical models
proposing that AUC-based monitoring may offer a more precise assessment of tacrolimus
exposure, particularly in patients with high variability or discordant CO/D ratios (Cheng et al,,
2022; Couette et al., n.d.).

Although CYP3A5 exerts the most consistent and clinically relevant effect, variants in
CYP3A4 and ABCB1 also contribute to tacrolimus pharmacokinetics in a population- and time-
dependent manner (Mukkavilli et al, 2024a; Muller et al, 2020). Evidence regarding
CYP3A4*1B and ABCB1 polymorphisms remains inconsistent, likely due to ethnic differences,
linkage disequilibrium, and interactions with clinical covariates (Kwakyi et al, 2023b;
Mukkavilli et al,, 2024a). These findings suggest that while CYP3A4 and ABCB1 may modify
tacrolimus exposure in specific contexts, their influence is generally secondary to that of
CYP3AS.

Taken together, these data indicate that genotype-guided tacrolimus dosing represents a
rational strategy to improve early attainment of therapeutic drug levels, particularly by
identifying patients who require substantially higher or lower doses at treatment initiation
(Birdwell et al., 2015; Srinivas et al., 2021). However, genotype-based dosing should be viewed
as a complement rather than a replacement for therapeutic drug monitoring, as ongoing dose
adjustments remain necessary to account for temporal changes in pharmacokinetics and clinical
status (Brunet & Pastor-Anglada, 2022).

Several limitations should be acknowledged. Most available studies have been conducted in
single populations, limiting generalizability across diverse ethnic groups. Furthermore, many
investigations focus on one or two genetic variants, whereas tacrolimus metabolism is
influenced by a complex interplay of multiple genes and clinical factors (Khan et al., 2025; Shi et
al,, 2015). Future research should therefore prioritize multiethnic, multigene studies integrating
pharmacogenetic data with dynamic clinical variables to refine individualized dosing
algorithms.

From a clinical standpoint, CYP3A5 expressers appear to be at greater risk of acute
rejection due to rapid tacrolimus clearance and subtherapeutic exposure, while non-expressers
are more susceptible to nephrotoxicity, infections, and post-transplant diabetes mellitus as a
result of higher drug exposure (Hannachi et al., 2024b; Srinivas et al., 2021). Consequently, pre-
transplant CYP3A5 genotyping can guide initial dose selection, whereas continued therapeutic
monitoring remains essential during maintenance therapy to optimize long-term graft and
patient outcomes (Birdwell et al., 2015).

Conclusion

This narrative review confirms that polymorphisms in the CYP3A5 gene are major
determinants of tacrolimus metabolism and, importantly, of dose requirements in kidney
transplant recipients. Patients who carry at least one functional CYP3A5*1 allele (expressors)
consistently demonstrate faster tacrolimus clearance and lower concentration-to-dose ratios,
necessitating higher initial and maintenance doses to achieve therapeutic trough levels. In
contrast, CYP3A5 non-expressors (*3/*3) exhibit slower metabolism and higher dose-adjusted
exposure, which requires lower doses to avoid overexposure and toxicity. Although variants in
CYP3A4 and ABCB1 also influence tacrolimus pharmacokinetics, their impact on dosing appears
less consistent and is modulated by ethnicity and the post-transplant phase. Clinical factors such
as hemoglobin levels, parathyroid hormone, and glycemic status further modify dose
requirements and therapeutic responses. Collectively, these findings support the pretransplant
genotyping of CYP3A5 as a practical strategy for guiding initial tacrolimus dosing, improving the

This is an Open Access article
Distributed under the terms of the
Ei Creative Commons Attribution 4.0 International License.

175


https://www.ojsstikesbanyuwangi.com/index.php/PHJ/index
https://doi.org/10.54832/phj.v8i1.1371
http://creativecommons.org/licenses/by/4.0/

PROFESIONAL HEALTH JOURNAL
Volume 8, No. 1, December 2026 (Page. 166-178)

m Available Online at https://www.ojsstikesbanyuwangi.com/index.php /PH] /index
E-ISSN 2715-6249

DOI: https://doi.org/10.54832/phj.v8i1.1371

early attainment of target drug levels, and reducing the risks of rejection and adverse events.
Given that most available evidence is derived from East Asian, South Asian, and European
populations, pharmacogenetic studies focusing on Indonesian populations and diverse sub-
ethnic groups across the archipelago are urgently needed to develop population-specific dosing
strategies and optimize tacrolimus therapy.
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