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Abstract: Tacrolimus is a narrow-therapeutic-index immunosuppressant whose clinical performance is XR®Envarsus XR®), an 
extended-release tacrolimus formulation, was developed to enhance dissolution, improve bioavailability, and reduce pharmacokinetic 
variability. This systematic review evaluated the clinical and translational impact of LCPT compared with immediate-release 
tacrolimus (IR-Tac) across solid-organ transplantation. A systematic search of PubMed/MEDLINE and Google Scholar was conducted 
from database inception through October 2025. Owing to heterogeneity in study populations, designs, and outcome reporting, 
a quantitative meta-analysis was not performed, and findings were synthesized qualitatively. Of 351 identified records, 326 underwent 
screening, and six studies met inclusion criteria. The primary outcome was biopsy-proven acute rejection (BPAR); secondary 
outcomes included graft survival, mortality, renal function, metabolic complications, adverse events, and tacrolimus trough concen
trations. Across studies, LCPT demonstrated clinical efficacy comparable to IR-Tac. In de novo kidney transplantation, BPAR rates 
were similar (13.1% vs 13.5%), with comparable graft survival and mortality. In heart transplantation, LCPT maintained noninferior 
outcomes (BPAR 15% vs 10%). In conversion settings, rejection rates remained comparable. LCPT consistently achieved therapeutic 
trough concentrations with approximately 20–30% lower total daily doses, reflecting enhanced bioavailability attributable to MeltDose 
technology. These findings support LCPT as a formulation-driven optimization of tacrolimus delivery. While pharmacokinetic 
advantages are evident, their translation into superior long-term clinical outcomes remains to be fully established. 
Keywords: LCP-tacrolimus, MeltDose tacrolimus, extended-release tacrolimus, immediate-release tacrolimus, solid organ 
transplantation, immunosuppression

Introduction
Tacrolimus, a calcineurin inhibitor, remains the foundation of maintenance immunosuppression following solid-organ 
transplantation.1 Classified as a narrow-therapeutic-index drug, tacrolimus requires precise control of systemic exposure 
to balance immunosuppressive efficacy against dose-dependent toxicity.1,2 However, the compound exhibits low aqueous 
solubility and dissolution-limited absorption, properties that contribute to substantial inter- and intra-patient variability in 
oral bioavailability.2,3 These physicochemical characteristics render tacrolimus highly sensitive to formulation-dependent 
pharmacokinetics, wherein differences in dissolution behavior and absorption kinetics may produce clinically meaningful 
variations in drug exposure.3

The immediate-release formulation of tacrolimus (IR-Tac) is characterized by rapid but inconsistent gastrointestinal 
absorption. This variability is influenced by luminal solubility, intestinal motility, and extensive first-pass metabolism 
mediated by cytochrome P450 3A (CYP3A) enzymes and P-glycoprotein efflux transporters.2,3 The resultant fluctuations in 
systemic exposure have well-documented clinical consequences: periods of subtherapeutic concentration increase the risk of 
acute allograft rejection, whereas supratherapeutic peaks are associated with nephrotoxicity, neurotoxicity, and metabolic 
sequelae, including new-onset diabetes after transplantation.1,3 These observations suggest that the therapeutic limitations of 
tacrolimus are attributable, at least in part, to suboptimal drug delivery rather than insufficient pharmacologic activity.
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To mitigate these limitations, extended-release tacrolimus formulations have been developed with the objective of 
modifying the absorption phase and reducing exposure variability. Importantly, extended-release formulations are not 
pharmacokinetically interchangeable; their performance is determined by the specific drug-delivery technology 
employed.4 LCP-tacrolimus (LCPT; Envarsus XR®) is an extended-release tacrolimus formulation developed using 
MeltDose technology, a solid-dispersion platform designed to enhance dissolution of poorly water-soluble compounds.4 

This approach reduces drug particle size to a near-molecular dispersion, thereby increasing the effective surface area 
available for dissolution and facilitating absorption across an extended region of the gastrointestinal tract.4

The pharmacokinetic profile of LCPT differs meaningfully from that of IR-Tac. Published data indicate that LCPT 
exhibits approximately 30% greater oral bioavailability, a prolonged time to maximum concentration (Tmax ≈ 6 hours), 
and attenuated peak-to-trough fluctuation compared with IR-Tac.5,6 Consequently, equivalent trough concentrations (C0) 
can be achieved with approximately 20–30% lower total daily doses, reflecting improved systemic utilization of the 
administered drug.6,7 From a pharmacokinetic perspective, these characteristics may confer clinical advantages by 
reducing peak-associated toxicity while maintaining sustained calcineurin inhibition throughout the dosing interval.

Notwithstanding these pharmacokinetic improvements, the extent to which formulation-driven changes in tacrolimus 
delivery translate into superior clinical outcomes has not been definitively established. Randomized controlled trials and 
observational studies have generally reported comparable rates of biopsy-proven acute rejection (BPAR) and graft 
survival between LCPT and IR-Tac.6,7 However, interpretation of the existing literature is complicated by prior 
systematic reviews that have aggregated LCPT with other once-daily tacrolimus formulations, such as Advagraf® 

(tacrolimus extended-release capsules) and Astagraf XL®, despite substantial differences in release mechanisms and 
pharmacokinetic behavior.8,9 This methodological approach limits the capacity to isolate the clinical contribution of 
specific drug-delivery technologies.

Accordingly, a formulation-specific evaluation is warranted to delineate the translational impact of MeltDose-based 
tacrolimus delivery. The present systematic review was undertaken to synthesize available evidence comparing LCPT 
with IR-Tac across solid-organ transplantation, with particular emphasis on the relationship between formulation-driven 
pharmacokinetic optimization and clinically relevant outcomes.

Methods
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA 2020) guidelines and was prospectively registered in the International Prospective Register of 
Systematic Reviews (PROSPERO; registration ID: CRD420241178544).

The primary outcome was the incidence of BPAR, a clinically validated endpoint reflecting the adequacy of 
calcineurin inhibition. Secondary outcomes included graft survival, all-cause mortality, renal function (estimated 
glomerular filtration rate [eGFR]), metabolic complications (including new-onset diabetes after transplantation 
[NODAT]), adverse events, and tacrolimus pharmacokinetic parameters. Trough concentration (C0) was evaluated as 
the principal pharmacokinetic indicator of systemic drug exposure.

This review focused exclusively on LCPT, the only tacrolimus formulation utilizing MeltDose technology. Data from 
other once-daily extended-release formulations (eg, Advagraf®, Astagraft XL®) were not pooled, given fundamental 
differences in release mechanisms and pharmacokinetic profiles. A systematic literature search was conducted in 
PubMed/MEDLINE and Google Scholar from database inception to October 2025, which served as the final search 
cutoff. The search strategy combined Medical Subject Headings (MeSH) and free-text terms, including “tacrolimus”, 
“LCPT”, “LCP-tacrolimus”, “Envarsus XR”, “MeltDose”, and “immediate-release tacrolimus”, using Boolean operators 
(AND, OR). Reference lists of relevant studies and reviews were manually screened to identify additional eligible 
publications. No language or publication date restrictions were applied.

Eligible studies met the following criteria: (1) adult recipients of solid-organ transplants (kidney, liver, heart, or lung); 
(2) comparison of LCPT administered once daily with IR-Tac administered twice daily; and (3) reporting of tacrolimus 
trough concentrations during follow-up. Both randomized controlled trials and comparative observational studies were 
included. Studies were excluded if they lacked pharmacokinetic data, were single-arm pharmacokinetic analyses, were 
narrative or systematic reviews, or involved extended-release tacrolimus formulations other than LCPT. Titles, abstracts, 
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and full-text articles were screened independently by two reviewers. Disagreements were resolved through consensus. 
Data were extracted using a standardized form, which captured study design, transplant type, clinical setting (de novo or 
conversion), sample size, immunosuppressive regimen, dosing strategy, and tacrolimus trough concentrations (C0) at 
baseline and predefined follow-up intervals (eg, 1, 3, 6, and 12 months).

Methodological quality was assessed using validated instruments appropriate to study design. Randomized controlled 
trials were evaluated using the Cochrane Risk of Bias 2 (RoB 2) tool, and observational studies were assessed using the 
Newcastle–Ottawa Scale (NOS). Assessments were performed independently by two reviewers, with disagreements 
resolved by consensus. Risk-of-bias judgments were summarized descriptively and considered in the interpretation of 
findings. Given heterogeneity in transplant populations, study designs, follow-up durations, and outcome definitions, 
a quantitative meta-analysis was not performed. Instead, findings were synthesized qualitatively, with emphasis on 
formulation-related differences in tacrolimus pharmacokinetics and their association with clinical outcomes.

Results
A total of 351 records were identified through database searching. Following removal of duplicates, 326 records 
underwent title and abstract screening, of which 289 were excluded. Thirty-six full-text articles were assessed for 
eligibility; 30 were excluded for the following reasons: noncomparative design (n = 21), use of non-LCPT formulations 
(n = 3), cyclosporine comparator (n = 1), and lack of relevant outcomes (n = 5). Ultimately, six studies met inclusion 
criteria and were included in the qualitative synthesis. The study selection process is summarized in Figure 1. 
Methodological quality varied across included studies. Randomized controlled trials demonstrated low risk of bias 
overall, with the exception of one open-label pilot study, which raised some concerns regarding performance and 
detection bias. Observational studies were of moderate methodological quality, with increased risk of selection bias 
observed in studies employing historical controls. The single-arm liver transplant study was interpreted descriptively 
owing to the absence of a concurrent comparator. The characteristics and key clinical outcomes of the included studies 
are summarized in Tables 1 and 2, and methodological quality assessments are presented in Table 3. Key sources of 
heterogeneity across the included studies are summarized in Table 4.

In de novo kidney transplantation, two studies evaluated LCPT initiation. A pilot randomized trial with a small 
sample size involving metabolically high-risk recipients reported that BPAR occurred more frequently with LCPT than 
with IR-Tac (11% vs 0%) over a 3-month follow-up period.10 Graft survival was 100% in both groups, with no mortality 
observed. Renal function was comparable between groups (eGFR 49.2 vs 55.4 mL/min/1.73 m2; p = 0.2), and rates of 
new-onset diabetes after transplantation did not differ significantly (24% vs 18.5%; p = 0.07).10 More robust evidence 
derives from a phase III double-blind randomized controlled trial (n = 543) with 24-month follow-up.6 In this study, 
BPAR rates were similar between LCPT and IR-Tac (13.1% vs 13.5%; p = 0.9), with comparable graft survival (96.6% vs 
96%; p = 0.684) and mortality (3.0% vs 2.9%; p > 0.999). Renal function remained stable in both groups (eGFR 63 vs 
64 mL/min/1.73 m2), and the incidence of new-onset diabetes after transplantation did not differ significantly between 
formulations (20.5% vs 14.9%; p = 0.414).6

In heart transplantation, a prospective matched-cohort study evaluated LCPT initiation and demonstrated noninfer
iority for the composite endpoint of death, rejection, or graft dysfunction at 12 months.11 BPAR rates were numerically 
higher with LCPT compared with IR-Tac (15% vs 10%; p = 0.36), although this difference did not achieve statistical 
significance. Graft survival remained high in both groups (95% vs 93%), and renal function trajectories were comparable 
throughout the follow-up period.11 Detailed outcome data for de novo studies are presented in Table 1.

Conversion from IR-Tac to LCPT was evaluated across kidney, liver, and lung transplantation, with generally 
comparable clinical outcomes observed despite heterogeneity in study design and follow-up duration. In stable kidney 
transplant recipients, the phase III MELT trial provided the most robust conversion data.7 BPAR rates were identical 
between LCPT and IR-Tac (1.2% vs 1.2%), with graft survival of 100% in both groups. Mortality rates were low (1.2% 
vs 0.6%), and renal function remained stable throughout the 12-month follow-up period (eGFR 59 vs 60 mL/min/ 
1.73 m2). The incidence of new-onset diabetes after transplantation was similar between groups (8.6% vs 7.4%).7 In lung 
transplantation, a prospective cohort study compared LCPT with IR-Tac over 6 months of follow-up.12 BPAR rates were 
numerically higher with LCPT (25% vs 12.5%; p = 0.30), although this difference did not reach statistical significance. 
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Figure 1 PRISMA 2020 flow diagram showing the identification, screening, eligibility assessment, and final inclusion of studies in this systematic review.
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Table 1 De Novo Use of LCPT vs Immediate-Release Tacrolimus

Study ID Organ Design n (IR/LCPT) Follow-Up 

Duration

Co-Immuno 

suppression

Target Trough  

(ng/mL)

BPAR (%)  

IR vs LCPT

Graft Survival (%) 

IR vs LCPT

Mortality (%) 

IR vs LCPT

eGFR  

(mL/min/1.73m2) 

IR vs LCPT

NODAT (%) 

IR vs LCPT

Budde, et al6 Kidney Phase III RCT, 

double-blind

271/272 24 months MMF + steroids 6–11 13.5 vs 13.1 

(p= 0.9)

96 vs 96.6  

(p= 0.684)

2.9 vs 3.0 

(p>0.9)

64 vs 63 14.9 vs 20.5  

(p= 0.414)

Torres, et al10 Kidney RCT, open-label 26/26 3 months MMF ± steroids 8–12 0 vs 11  

(p= 0.2)

100 vs 100 0 vs 0 55.4 vs 49.2  

(p= 0.2)

18.5 vs 24  

(p= 0.07)

Van Zyl, et al11 Heart Prospective 

matched cohort

50/25 12 months MMF or sirolimus 10–15 10 vs 15  

(p= 0.36)

93 vs 95 0 vs 14  

(p= 0.09)

52 vs 52  

(p= 0.51)

NR

Abbreviations: IR, immediate-release tacrolimus; LCPT, LCP-tacrolimus; MMF, mycophenolate mofetil; RCT, randomized controlled trial; BPAR, biopsy-proven acute rejection; eGFR, estimated glomerular filtration rate; NODAT, new- 
onset diabetes after transplantation; NR, not reported.
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Table 2 Clinical Outcomes After Conversion from IR-Tac to LCPT

Study ID Organ Design n (IR/ 

LCPT)

Follow- 

Up 

Duration

Co- 

Immuno 

suppression

Baseline 

Dose (IR) 

(mg/day)

Baseline 

Trough IR 

(ng/mL)

Achieved 

Trough LCPT 

(ng/mL)

Dose 

Change 

(%)

BPAR 

(%) IR vs 

LCPT

Graft 

Survival (%) 

IR vs LCPT

Mortality 

(%) IR vs 

LCPT

eGFR (mL/min/ 

1.73m2) IR vs 

LCPT

NODAT 

(%) IR vs 

LCPT

Lewis,  

et al12

Lung Prospective 

open-label 

cohort study

20/20 6 months MMF + 

steroids

12 (mean 11.5) (mean 12.8) –22% 12.5 vs 25 

(p= 0.3)

97.5 vs 100 

(p= 0.31)

0 vs 0 74.07 vs 62.62  

(p= 0.02)

NR

Allowa,  

et al13

Liver Phase II single- 

arm conversion

57 12 

months

MMF 6.1 (mean 6.4) (mean 6.37) –27% NR 100 0 6.8 vs 1.7  

(p= 0.03)

NR

Bunnapradist, 

et al7
Kidney Phase III RCT 82/80 12 

months

NR 534 (mean 5.61) (mean 5.67) –14% 1.2 vs 1.2  

(p= 1.00)

100 vs 100 0.6 vs 1.2 60 vs 59  

(p= 0.72)

7.4 vs 8.6 

(p= 0.79)

Abbreviations: IR, immediate-release tacrolimus; LCPT, LCP-tacrolimus; MMF, mycophenolate mofetil; BPAR, biopsy-proven acute rejection; eGFR, estimated glomerular filtration rate; NODAT, new-onset diabetes after transplanta
tion; RCT, randomized controlled trial; NR, not reported.
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Graft survival was high in both groups (100% vs 97.5%), and no mortality was observed. Renal function favored IR-Tac 
(eGFR 74.07 vs 62.62 mL/min/1.73 m2; p = 0.02), although interpretation is limited by the small sample size.12 In liver 
transplantation, a phase II single-arm study evaluated conversion from IR-Tac to LCPT in stable recipients over 12 
months.13 Graft survival was 100%, and no mortality was observed. The incidence of renal impairment was numerically 
lower following conversion compared with baseline IR-Tac exposure (1.7% vs 6.8%; p = 0.03), and upper respiratory 
infections were less frequent after conversion (1.7% vs 5.1%).13 However, the absence of a concurrent comparator limits 
causal inference. Detailed outcome data for conversion studies are presented in Table 2.

Across all included studies, LCPT consistently achieved therapeutic tacrolimus C0 with lower total daily doses 
compared with IR-Tac, reflecting the enhanced bioavailability conferred by MeltDose technology.6,7 The magnitude of 
dose reduction ranged from approximately 14% to 27% across studies, while trough concentrations remained within 
established therapeutic targets.6,7,12,13

Table 3 Risk-of-Bias/Quality Assessment Summary

Study Design Tool Overall Judgment

Torres et al11 RCT (open-label) RoB 2 Some concerns

Budde et al12 Phase III RCT (double-blind) RoB 2 Low risk

Bunnapradist et al7 Phase III RCT (double-blind) RoB 2 Low risk

Van Zyl et al13 Prospective matched cohort NOS Moderate quality

Lewis et al14 Prospective cohort vs historical control NOS Moderate–high risk of bias

Alloway et al15 Single-arm conversion (Descriptive) Not applicable for comparative RoB

Abbreviations: RoB 2, Cochrane Risk of Bias 2 tool; NOS, Newcastle–Ottawa Scale; RCT, randomized controlled trial; RoB, risk of bias.

Table 4 Key Sources of Heterogeneity Across Included Studies

Study Organ Clinical 
Setting

Study Design Follow-Up Co-Immuno 
suppression

Tacrolimus 
Target 
Trough

Other Key Heterogeneity 
Features

Budde  

et al6
Kidney De novo Phase III  

double-blind RCT

24 months MMF + steroids 6–11 ng/mL Large de novo kidney trial; 

randomized, blinded design; 

induction used.

Torres  

et al10

Kidney De novo Open-label RCT 3 months MMF ± steroids 8–12 ng/mL Metabolically high-risk population; 

short follow-up; open-label pilot 

design.

Van Zyl 

et al11

Heart De novo Prospective 

matched cohort

12 months MMF or sirolimus 10–15 ng/mL Heart transplant cohort; 

nonrandomized matched design; 

different background regimen 

options.

Bunnapradist 

et al12

Kidney Conversion Phase III RCT 12 months MMF + steroids NR Stable kidney recipients converted 

from IR-Tac; randomized 

conversion design.

Lewis  

et al13

Lung Conversion Prospective  

open-label cohort

6 months MMF NR Lung transplant population; small 

sample; early conversion design.

Alloway  

et al7
Liver Conversion Phase II single-arm 

study

12 months NR NR Liver transplant conversion; single- 

arm design; no concurrent 

comparator.

Abbreviations: IR-Tac, immediate-release tacrolimus; RCT, randomized controlled trial; MMF, mycophenolate mofetil; NR, not reported.
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Discussion
This systematic review offers a formulation-specific assessment of LCPT relative to immediate-release tacrolimus, 
focusing on how drug-delivery design, pharmacokinetic performance, and clinical outcomes intersect in solid-organ 
transplantation. Across the included studies, LCPT showed comparable efficacy in terms of BPAR, graft survival, and 
mortality while achieving therapeutic exposure at lower total daily doses. Nevertheless, from a clinical transplant 
perspective, long-term outcomes remain more important than pharmacokinetic efficiency alone, and current evidence 
does not demonstrate clear clinical superiority of LCPT in these domains.

From a drug-delivery perspective, tacrolimus is a narrow therapeutic index drug whose clinical performance is highly 
dependent on formulation-driven pharmacokinetics.1,14 Immediate-release tacrolimus is characterized by variable gastro
intestinal absorption and substantial inter- and intra-patient variability due to solubility limitations, CYP3A metabolism, 
and P-glycoprotein transport.2,14 LCPT was specifically developed to address these limitations through MeltDose solid- 
dispersion technology, resulting in improved dissolution and a more controlled absorption profile.4,5 This produces 
a distinct pharmacokinetic profile characterized by increased bioavailability, delayed peak concentration, and reduced 
peak-to-trough fluctuation.4,5

Recent pharmacokinetic data provide quantitative confirmation of these formulation differences. LCPT demonstrates 
a markedly prolonged effective half-life compared with IR-Tac (48.4 vs 12.5 hours) and a higher accumulation ratio (3.18 
vs 2.06), indicating greater persistence of systemic exposure across the dosing interval.16 Importantly, this prolonged 
effective half-life reflects extended absorption rather than delayed elimination, highlighting that LCPT fundamentally 
modifies the input kinetics of tacrolimus delivery. From a translational standpoint, this results in a smoother exposure 
profile with reduced fluctuation, which may improve exposure consistency. These pharmacokinetic advantages are 
reflected in clinical outcomes, particularly in kidney transplantation. In the phase III randomized trial, LCPT maintained 
comparable BPAR (13.1% vs 13.5%), graft survival (96.6% vs 96.0%), and mortality (3.0% vs 2.9%) despite a 20–30% 
lower total daily dose, supporting improved absorption efficiency without loss of efficacy.6 However, this effect was not 
uniform across all settings. In a pilot randomized trial of metabolically high-risk recipients, LCPT was associated with 
a numerically higher BPAR (11% vs 0%) over short follow-up, despite similar renal function and nonsignificant 
differences in metabolic outcomes.10 These findings suggest that early post-transplant physiology and patient-specific 
risk factors may influence the clinical impact of formulation-driven pharmacokinetic improvements.

In non-kidney transplant populations, the evidence is more limited and heterogeneous. In heart transplantation, LCPT 
was associated with numerically higher BPAR (15% vs 10%) with comparable graft survival (95% vs 93%), although 
differences were not statistically significant.11 In lung transplantation, a larger numerical difference was observed (25% 
vs 12.5%), again without statistical significance but clinically notable given the magnitude of the absolute difference.12 

These findings suggest that formulation-driven pharmacokinetic optimization does not uniformly translate into improved 
clinical outcomes, particularly in populations characterized by high physiologic variability and complex early post- 
transplant dynamics.

Conversion studies further support the pharmacokinetic efficiency of LCPT. In the MELT trial, rejection rates were 
identical between LCPT and IR-Tac (1.2% vs 1.2%), with preserved graft survival and stable renal function (eGFR 59 vs 
60 mL/min/1.73 m2) despite dose reduction.7 Similarly, in liver transplantation, conversion to LCPT was associated with 
numerically lower renal impairment (1.7% vs 6.8%) and fewer infectious complications compared with baseline IR-Tac 
exposure, although the absence of a concurrent comparator limits causal inference.13 Collectively, these findings support 
improved dose efficiency and maintenance of immunologic stability following conversion.

A central mechanistic advantage of LCPT relates to exposure variability. High intrapatient variability in tacrolimus 
exposure has been strongly associated with adverse outcomes, including rejection, donor-specific antibody formation, and 
graft loss.17,18 LCPT is theoretically positioned to mitigate this risk through prolonged absorption and reduced peak-to- 
trough fluctuation. However, pharmacokinetic variability measures such as intra- and interpatient coefficient of variation 
and time in therapeutic range were not reported in the included primary studies and therefore could not be systematically 
evaluated in this review. As a result, the hypothesized benefit of LCPT in reducing clinically meaningful variability 
remains inferred rather than directly demonstrated.
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From a pharmacodynamic perspective, these observations are consistent with current understanding of tacrolimus 
activity. Tacrolimus efficacy is mediated by sustained intracellular calcineurin inhibition rather than transient peak 
concentrations.14,19 Therefore, a formulation that reduces fluctuation and prolongs exposure may enhance immunologic 
stability. At the same time, reduced peak exposure may mitigate concentration-dependent toxicity, particularly nephro
toxicity, which is linked to calcineurin inhibitor–induced vasoconstriction and chronic injury.20 The numerically lower 
renal impairment observed in liver transplant conversion studies is consistent with this mechanism, although not 
definitive.13

Safety outcomes overall remain inconsistent. While some studies suggest potential renal or neurologic benefit, others 
show no meaningful differences or numerically higher rates of metabolic complications, such as new-onset diabetes after 
transplantation (20.5% vs 14.9% in the phase III trial).6 These findings indicate that pharmacokinetic optimization does 
not uniformly translate into improved safety, reflecting the multifactorial nature of tacrolimus-associated toxicity.

This review has several strengths, including its formulation-specific focus and integration of pharmacokinetic and 
clinical outcome data. By isolating LCPT, this analysis avoids the methodological limitations of prior reviews that 
grouped pharmacokinetically distinct extended-release tacrolimus formulations together.8,9 However, important limita
tions remain. The number of included studies is limited, particularly outside kidney transplantation; many studies are 
underpowered to detect moderate differences in clinical outcomes; heterogeneity in study design and follow-up limits 
comparability; and pharmacokinetic variability was not systematically assessed. Additionally, observational data are 
inherently subject to selection bias, as conversion to LCPT is often performed in clinically stable recipients.

In aggregate, the available evidence supports the conclusion that LCPT achieves pharmacokinetic optimization 
without consistent clinical superiority. While it improves bioavailability, prolongs effective exposure, and reduces dose 
requirements, it does not uniformly improve rejection rates, graft survival, or safety outcomes across all populations. 
Notably, several studies demonstrate numerically higher rejection rates with LCPT in specific contexts, suggesting that 
equivalence may not be uniform. The clinical role of LCPT may therefore lie in targeted application, particularly in 
patients with high pharmacokinetic variability, dose inefficiency, adherence challenges, or intolerance to peak-related 
toxicity. Future studies should directly evaluate intrapatient variability, exposure–response relationships, and long-term 
outcomes using standardized pharmacokinetic endpoints. Until such data are available, LCPT should be considered 
a pharmacokinetically optimized formulation with selective clinical advantages, rather than a universally superior 
alternative to immediate-release tacrolimus. Its clinical role may be greatest in selected patients, including those with 
high pharmacokinetic variability, adherence challenges, intolerance to peak-related toxicity, or dose inefficiency related 
to drug interactions; however, its role in higher-risk early post-transplant settings requires further study.
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