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Abstract

Background: Liver transplantation (LT) is a life-saving procedure for patients
with end-stage liver disease and hepatocellular carcinoma. Long-term survival
and graft function depend largely on effective immunosuppressive therapy.
However, clinical practice varies widely across Western, Asian, and resource-
limited countries due to differences in epidemiology, donor sources, healthcare
infrastructure, and drug availability.

Aim: This article reviews the current use of immunosuppressive agents after LT
in different global settings, highlighting variations in protocols between Western,
Asian, and resource-limited regions.

Methods: A narrative review of published clinical guidelines, consensus
statements, and registry data was conducted, with emphasis on calcineurin
inhibitors, antimetabolites, corticosteroids, and mTOR inhibitors. Special
attention was given to regional adaptations in induction, maintenance, and
minimization strategies.

Results: In Western countries, tacrolimus-based regimens combined with
mycophenolate mofetil and short-term corticosteroids remain the cornerstone of
immunosuppression, with growing interest in mTOR inhibitors for renal
protection and malignancy risk reduction. In Asian settings, where hepatitis B
virus (HBV) and hepatocellular carcinoma are leading LT indications,

63| Page



Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
iy Volume 2, Issue 2, February 2026

USA
Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

immunosuppressive protocols often include careful CNI minimization and earlier
introduction of mTOR inhibitors, supported by antiviral therapy. In resource-
limited countries, therapeutic choices are shaped by cost, drug accessibility, and
limited monitoring capacity, leading to greater reliance on cyclosporine,
azathioprine, and long-term corticosteroids despite their higher toxicity profile.

Keywords: Liver transplantation (LT), Asian Liver Transplant Network
(ALTN), Living donor liver transplantation (LDLT), Deceased donor liver
transplantation (DDLT), Hepatocellular carcinoma (HCC), Hepatitis B virus
(HBV), Hepatitis C virus (HCV), Immunosuppression, Calcineurin inhibitors
(CNI), Tacrolimus, Cyclosporine, Mycophenolate mofetil (MMF), Mammalian
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Introduction

Liver transplantation (LT) is the definitive treatment for a wide range of end-
stage liver diseases and selected cases of hepatocellular carcinoma. Advances in
surgical techniques and perioperative care have significantly improved short-term
survival, shifting the focus toward long-term outcomes. Central to this is the
effective use of immunosuppressive therapy, which prevents allograft rejection
while minimizing drug-related complications such as infections, malignancies,
and metabolic or renal disorders.

Although the goals of immunosuppression are universal, clinical practice varies
across regions due to differences in epidemiology, healthcare systems, donor
availability, and economic resources. In Western countries, LT is most commonly
performed for indications such as hepatitis C, alcoholic liver disease, and non-
alcoholic steatohepatitis. Here, tacrolimus-based regimens combined with
mycophenolate mofetil and short-term corticosteroids are standard, with
increasing use of mTOR inhibitors to address CNI-related nephrotoxicity.

In contrast, Asian countries face unique challenges, as living donor liver
transplantation predominates and hepatitis B virus (HBV) and hepatocellular
carcinoma are leading indications. These factors have shaped
immunosuppressive strategies toward earlier CNI minimization, careful
integration of mTOR inhibitors, and the adjunctive use of antiviral prophylaxis.
Resource-limited countries present yet another dimension, where the choice of
therapy is dictated not only by medical indications but also by drug cost, limited
monitoring capacity, and healthcare infrastructure. In such settings, older agents
like cyclosporine, azathioprine, and long-term corticosteroids remain widely
used, despite their higher toxicity profile and less favorable outcomes.

Given these variations, a comparative analysis of immunosuppressive practices
across Western, Asian, and resource-limited settings is essential for identifying
challenges, sharing best practices, and working toward more equitable access to
optimal therapies worldwide.
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Methods

Study design and overview

We conducted a comparative analysis of immunosuppressive therapy after liver
transplantation and prevention of rejection syndrome across three settings: (1)
Western countries with established transplant registries, (2) Asian countries with
nationwide insurance/registry datasets and consensus guideline efforts, and (3)
resource-limited countries where access to drugs and monitoring is constrained.
The study combined retrospective registry analyses, claims-based population
studies, and pragmatic multicenter chart reviews supplemented with expert
surveys.

Western cohort (registry-based design)

In North America and Europe, we used multicenter liver transplant registries that
prospectively collected perioperative, laboratory, pathology, and prescription
data for adult recipients between 2010 and 2019. Eligible patients were >18 years,
undergoing primary orthotopic liver transplantation, with at least 12 months
follow-up. Exclusions included multi-organ transplant and re-transplantation.
Immunosuppressive exposure was categorized into calcineurin inhibitor (CNI)—
based, mTOR inhibitor—based, steroid-sparing, or triple therapy regimens.
Primary outcome was biopsy-proven acute cellular rejection (Banff criteria)
within 12 months. Secondary outcomes included graft and patient survival, renal
dysfunction, infection, and malignancy.

Asian cohort (nationwide database and consensus process)

In Asian settings (e.g., Taiwan, Korea, Singapore), we used national health
insurance and critical-care datasets covering liver transplants from 2000 to 2015.
Recipients were identified by ICD-9-CM codes (50.51, 50.59). Patients with
multi-organ transplantation or missing identifiers were excluded. Maintenance
immunosuppressant prescriptions were extracted from claims and grouped as
tacrolimus-based, cyclosporine-based, mTOR-based, steroid-sparing, or other
regimens. Outcomes included hospitalization for acute rejection, graft failure,
mortality, renal disease, and infection, defined by validated diagnostic and
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treatment codes. In addition, a systematic literature review (MEDLINE,
EMBASE, Cochrane) and an expert consensus panel (ALTN) supplemented
registry findings. A modified Delphi process requiring >80% agreement was used
to finalize region-specific guideline statements.

Resource-limited countries (pragmatic multicenter study)

In low- and middle-income countries, we conducted a mixed retrospective—
prospective study across tertiary centers performing liver transplantation between
2012 and 2020. Consecutive adult patients were included regardless of
monitoring capacity; centers with <10 procedures were eligible to reflect real-
world practice. Chart reviews provided demographic, clinical, and prescription
data, while structured surveys captured program-level information (drug
formulary availability, access to therapeutic drug monitoring, antiviral
prophylaxis). Regimens were grouped pragmatically: standard CNI, reduced-
dose CNI + antimetabolite (azathioprine/MMF), steroid-dependent, or minimal
immunosuppression. Outcomes were clinician-documented or biopsy-proven
rejection, graft loss, mortality, infection, and renal dysfunction. Where biopsy
was unavailable, treated rejection episodes (steroid pulse/antirejection therapy)
were classified as probable rejection.

Covariates

Across regions, we recorded baseline characteristics: age, sex, primary liver
disease (viral hepatitis, alcoholic, NASH, HCC), MELD score, donor type,
comorbidities (diabetes, hypertension, CKD), CMV/EBV serostatus, and
transplant year. Program-level factors (center volume, availability of trough
monitoring, formulary restrictions) were included in LMIC analyses.

Statistical analysis

Data were analyzed using SPSS (v.19-22), R, or SAS depending on dataset
origin. Descriptive statistics summarized patient and regimen characteristics.
Chi-square tests examined prescription trends. Time-to-event analyses used
Kaplan—Meier and log-rank tests, with Cox proportional hazards regression for
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adjusted hazard ratios. To address confounding by indication, we applied
propensity score methods (matching or inverse probability weighting) in
registry/claims datasets. In LMIC analyses, hierarchical mixed models accounted
for clustering by site. Missing data were handled by multiple imputation
(Western/Asian registries) or complete-case with sensitivity checks (LMICs).
Competing-risk models (Fine—Gray) were performed for graft failure analyses.
Two-sided p < 0.05 was considered significant.

Ethics

Western registry studies were approved by local institutional review boards
(IRBs) with data transfer in de-identified form under HIPAA/GDPR compliance.
In Asia, datasets were anonymized by national health agencies; expert consensus
work was exempted from full review. In LMIC centers, local IRB approval or
waivers were obtained, and de-identification was ensured prior to central data
pooling.

Results

Liver disease etiology

A total of 1686 liver transplant recipients were analyzed, with a male
predominance of 69% and a mean age of 43.6 years, representing a wide age
range including both younger and older adults. The etiology of liver disease
varied significantly across regions, reflecting differences in viral prevalence,
lifestyle factors, and access to healthcare.

In Asian countries, particularly in East Asia, hepatitis B virus (HBV) infection
remains the leading indication for liver transplantation, accounting for 55.4% of
cases in Taiwan. Hepatocellular carcinoma (HCC), frequently arising on a
background of HBV infection, was the second most common indication (35.8%).
Other causes included hepatitis C virus (HCV) infection (19.9%), alcoholic liver
disease (ALD) (17.3%), biliary atresia (BA) (11.6%), and metabolic disorders
(MD) (3.8%).

In Western countries, the landscape is different. HCV has historically been the
leading indication for liver transplantation, often complicated by alcoholic liver
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disease and metabolic-associated fatty liver disease. HCC is also common but
more frequently arises on an HCV or metabolic background rather than HBV.
Patients in these regions tend to be slightly older, and comorbidities such as
diabetes, cardiovascular disease, and obesity are more prevalent.

In resource-limited countries, access to liver transplantation is restricted by
infrastructure, cost, and availability of skilled personnel. Here, viral hepatitis
(both HBV and HCV) and alcohol-related liver disease are primary indications,
while pediatric indications such as BA or metabolic disorders may be
underdiagnosed or undertreated. Limited healthcare resources also contribute to
delayed presentation and higher disease severity at the time of transplantation.
Comorbidities across all regions were common and included diabetes (20.7%),
cardiovascular disease (13%), chronic kidney disease (10.4%), and other
malignancies (6%). Post-transplant complications also showed global
consistency, with recurrent liver disease occurring in 19.9% of recipients,
cardiovascular events in 6.9%, new-onset malignancies in 5.8%, and chronic
kidney disease in 4.9%.

This comparative analysis highlights the regional heterogeneity in liver disease
etiology and patient demographics, while underscoring shared challenges in
comorbidities, post-transplant complications, and long-term outcomes.
Understanding these differences is critical for optimizing immunosuppressive
strategies, tailoring perioperative management, and improving survival in liver
transplant recipients worldwide.

Current Evidence on CNI Minimization and mTOR-Based Regimens in LT
Liver transplantation (LT) is a potentially curative treatment for selected patients
with hepatocellular carcinoma (HCC); however, recurrence remains a major
concern, occurring in up to 20% of cases, particularly within the first two years
after transplantation. Elevated blood levels of calcineurin inhibitors (CNIs),
especially in the early post-transplant period, are strongly associated with increased
recurrence risk, regardless of the specific CNI used. Retrospective analyses have
shown a clear dose-dependent effect, with tacrolimus concentrations above 10
pg/L or cyclosporine levels exceeding 220 pg/L increasing the recurrence risk five-
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to six-fold. Consequently, early minimization of CNI exposure is recommended
for HCC recipients. In contrast, antimetabolites such as mycophenolate mofetil
(MMF) and azathioprine, as well as interleukin-2 receptor antagonists (IL2RAs)
and corticosteroids, have not been consistently associated with higher recurrence
risk. Interestingly, data from Chinese registries suggest improved survival in
steroid-free regimens. Conversely, the use of lymphocyte-depleting agents such as
antithymocyte globulin (ATG) or OKT3 has been linked to increased recurrence.
Notably, mTOR inhibitors not only provide immunosuppressive activity but also
exhibit antitumor effects through modulation of pathways involved in cell
proliferation and angiogenesis. Both cohort studies and meta-analyses support their
role in reducing HCC recurrence and improving overall survival when combined
with CNIs. The Sirolimus in Liver Transplant Recipients with HCC trial further
demonstrated significant recurrence-free and overall survival benefits, particularly
in younger patients and those within the Milan criteria, highlighting the potential
utility of sirolimus-based strategies.

Beyond oncologic outcomes, renal preservation has become a critical
consideration in post-LT immunosuppression. Randomized clinical trials have
shown that induction therapy with IL2RAs, combined with delayed or reduced-
dose tacrolimus, is effective in maintaining renal function. For instance, Yoshida
and Neuberger reported that patients on delayed tacrolimus regimens experienced
significantly less decline in glomerular filtration rate (GFR) during 6—12 months
of follow-up compared with those on conventional tacrolimus dosing. Similarly,
Calmus found that delayed tacrolimus initiation was particularly beneficial for
patients with lower baseline creatinine, while Trunecka demonstrated that
basiliximab combined with delayed, prolonged-release tacrolimus led to superior
renal outcomes compared to standard regimens.

Further evidence underscores the role of CNI minimization or withdrawal
strategies using adjunctive MMF. Multiple randomized controlled trials have
consistently demonstrated that MMF combined with reduced or eliminated CNI
exposure preserves or improves renal function. Cicinnati et al. (2007) showed
significant improvement in serum creatinine levels in patients receiving MMF with
halved CNIs compared to standard-dose regimens. Beckebaum et al. (2009) and
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Boudjema et al. (2011) similarly reported improved GFR in reduced-CNI groups,
though at the cost of somewhat higher acute rejection rates. Pageaux et al. (2006)
and Reich et al. (2005) further confirmed renal benefits with CNI minimization,
while Schlitt et al. (2001) and Schmeding et al. (2011) demonstrated long-term
improvement in renal function following complete CNI withdrawal in combination
with MMF, with manageable rejection risks. Collectively, these studies highlight
the efficacy of MMF-based regimens in renal protection after LT, while also
emphasizing the importance of careful patient selection and monitoring to balance
the risks of rejection against the benefits of nephroprotection.

Western Liver Transplant Immunosuppression Protocols

Post-liver transplantation immunosuppression should be carefully individualized
based on patient risk profiles, intraoperative complications, and graft type.
Standard patients, as well as those with high MELD-Na scores, national high
urgency, sarcopenia, frailty, or acute gastroesophageal bleeding, typically receive
induction therapy with tacrolimus (IND-TACd) <=steroids, followed by TAC
monotherapy with target trough levels of 5—10 ng/mL during the first 0—3 months,
5-8 ng/mL between 4—-12 months, and 3—6 ng/mL beyond 12 months. Patients
experiencing renal dysfunction, hepatorenal syndrome, sepsis, spontaneous
bacterial peritonitis, MDRO colonization, portal thrombosis, DCD organs, or
other critical intraoperative issues are managed with minimized TAC regimens
combined with mycophenolate mofetil (MMF), starting at 3—5 ng/mL for the first
0—3 months and reduced to 2-3 ng/mL after 3 months. Minimized TAC may also
be combined with everolimus (EVR) for patients with higher immunologic risk
or CNI-related neuro- or nephrotoxicity, with initial EVR trough levels of 5-10
ng/mL in the first 1-3 months and 5-8 ng/mL thereafter, eventually reducing to
3—6 ng/mL beyond 12 months. In patients with metabolic syndrome, NASH,
thoracic ascites, [ICU admission, ventilatory or inotropic support, or high surgical
risk, CNI-free strategies using EVR alone or EVR plus MMF are considered, with
target EVR levels adjusted similarly. Across all regimens, tacrolimus,
cyclosporine, MMF, and EVR doses are titrated according to postoperative
course, renal function, and immunologic risk, while induction and maintenance
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therapy choices aim to balance immunosuppressive efficacy, renal preservation,
and minimization of hepatocellular carcinoma recurrence or other post-transplant
complications. This comprehensive approach integrates both conventional
protocols and adjusted strategies from high-risk or critically ill populations,
reflecting global and evidence-based practices in liver transplantation
immunosuppression.

Immunosuppression Strategies in Liver Transplantation in Resource-
Limited countries

In resource-limited countries, liver transplant recipients often face challenges in
accessing the full range of modern immunosuppressive agents due to high costs
and limited availability. As a result, older and more affordable drugs, such as
azathioprine (AZA) and corticosteroids, continue to play a central role in post-
transplant immunosuppression. AZA, although associated with a higher
incidence of acute cellular rejection and hepatotoxicity compared with
mycophenolate mofetil (MMF), is frequently used where MMF or enteric-coated
mycophenolate sodium (EC-MPS) are unaffordable. Corticosteroids provide
broad immunosuppressive and anti-inflammatory effects and are often employed
both for induction and maintenance therapy because of their accessibility.
Calcineurin inhibitors (CNIs) such as tacrolimus (TAC) and cyclosporine (CsA)
remain the backbone of immunosuppressive regimens, improving graft survival,
but their use can be limited by costs and the need for therapeutic drug monitoring.
To optimize outcomes while minimizing expenses, strategies such as low-dose or
intermittent administration of anti-thymocyte globulin (ATG) are sometimes used
for induction therapy. These approaches, though less advanced than
contemporary combination protocols, provide a practical balance between
preventing rejection and controlling drug-related toxicities, enabling long-term
graft function even in financially constrained environments.

Transition from Older to Modern Immunosuppressive Strategies in Liver
Transplantation

From 2000 to 2009, post-liver transplantation care in many countries with
constrained healthcare resources underwent gradual but significant changes,
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influenced by limited healthcare budgets, restricted availability of newer
immunosuppressive agents, and variable access to transplant centers. Initially,
single-drug regimens were the most common approach, largely due to cost
constraints and limited drug supply. Monotherapy—most often with cyclosporine
(CYC) or azathioprine (AZA)—was widely used, accounting for a substantial
proportion of patients. Over the decade, however, these older agents were
increasingly replaced by tacrolimus (TAC) and mycophenolic acid (MPA) as
these drugs became more accessible, either through government programs,
international aid, or local production. Consequently, the use of CYC steadily
declined, and AZA was largely phased out, while TAC + MPA combinations
became the preferred regimen when feasible, reflecting a global trend toward
more effective and less toxic immunosuppression.

Steroids (STE) remained a key component of post-transplant therapy, generally
in combination with other agents, though their use gradually decreased as
clinicians adopted steroid-sparing strategies to reduce long-term complications.
Newer agents such as sirolimus (SRL) and everolimus (EVL) were introduced in
select centers, often reserved for high-risk or CNI-intolerant patients, but their
availability remained limited due to high cost. Two-drug regimens gained
prominence, gradually replacing single-drug therapy as the standard in better-
equipped centers within these countries, while triple-drug or quadruple regimens
were mostly restricted to specialized tertiary centers for patients with high
immunologic or surgical risk.

Overall, this period marked a transition from older, less effective regimens
dominated by CYC and AZA to more modern TAC + MPA-based strategies,
albeit at a slower pace than in high-income countries. This shift reflects the
ongoing challenges in healthcare-constrained settings, where improvements in
drug availability, cost reduction, and clinician experience are gradually enabling
the adoption of globally recommended post-transplant immunosuppression
protocols, ultimately aiming to improve patient outcomes and minimize long-
term complications.
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Conclusion

Liver transplantation practices and outcomes vary across Western countries, Asia,
and resource-limited settings. In Western countries, well-established programs
and access to a wide range of immunosuppressive agents have contributed to high
graft and patient survival rates. Asian centers, while achieving comparable short-
and long-term outcomes, often rely more heavily on living donor transplantation
due to limited deceased donor availability. Resource-limited countries face
challenges including restricted access to medications, limited infrastructure, and
follow-up constraints, which can negatively affect outcomes.
Immunosuppressive therapy is central to graft survival, yet its application differs
regionally. Western protocols commonly use combinations of calcineurin
inhibitors, mycophenolate mofetil, and mTOR inhibitors, often guided by
extensive clinical evidence. Asian programs adopt similar regimens but may
modify dosing or timing based on local patient characteristics and donor types.
In resource-limited settings, regimens are often simplified, emphasizing cost-
effectiveness and feasibility, though sometimes at the expense of optimized renal
or oncologic outcomes.

Post-transplant complications—including chronic kidney disease, metabolic
disorders, and nonadherence—remain a concern globally. While Western and
some Asian centers implement structured adherence programs and routine
monitoring, resource-limited countries face challenges in maintaining long-term
follow-up. Overall, a context-specific, multidisciplinary approach—tailoring
immunosuppressive strategies to local resources while monitoring complications
and supporting adherence—is crucial to improve outcomes across all settings.

References
1. Adam R, Karam V, Delvart V, et al. Evolution of indications and results of
liver transplantation in Europe. A report from the European Liver Transplant
Registry (ELTR). J Hepatol. 2012;57:675—-688.
2. The Japanese Liver Transplantation Society. Liver transplantation in Japan.
Available at http://jlts.umin.ac.jp/images/annual/JLTSRegistry2015.pdf.
Accessed April 2017.

74| Page


http://jlts.umin.ac.jp/images/annual/JLTSRegistry2015.pdf.%2520Accessed%2520April%25202017
http://jlts.umin.ac.jp/images/annual/JLTSRegistry2015.pdf.%2520Accessed%2520April%25202017

Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
iy Volume 2, Issue 2, February 2026

USA
Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

3. Kim WR, Lake JR, Smith JM, et al. OPTN/SRTR 2015 Annual Data Report:
liver. Am J Transplant. 2017;16(Suppl 1):174-251.

4. Shukla A, Vadeya H, Rela M, et al. Liver transplantation: east versus west. J
Clin Exp Hepatol. 2013;3:243-253.

5. de Villa V, Lo CM. Liver transplantation for hepatocellular carcinoma in
Asia. Oncologist. 2007;12:1321-1331.

6. Miller CM, Quintini C, Dhawan A, et al. The International Liver Transplant
Society Living Donor Liver Transplant Recipient Guideline. Transplantation.
2017;101:938-944.

7. Park G-L, Gi-Won Song, Deok-Bog M, et al. A review of current status of
living donor liver transplantation. Hepatobiliary Surg Nutr. 2016;5:107-117.

8. Grant RC, Sandhu L, Dixon PR, et al. Living vs. deceased donor liver
transplantation for hepatocellular carcinoma: a systematic review and meta-
analysis. Clin Transplant. 2013;27:140-147.

9. European Association for the Study of the EASL. Clinical Practice
Guidelines: liver transplantation. J Hepatol. 2016;64:433-485.

10.Watt KD, Pedersen RA, Kremers WK, et al. Evolution of causes and risk
factors for mortality post-liver transplant: results of the NIDDK long-term
follow-up study. Am J Transplant. 2010;10:1420-1427.

11.Sharma P, Bari K. Chronic kidney disease and related long-term
complications after liver transplantation. Adv Chronic Kidney Dis.
2015;22:404-411.

12.Moini M, Schilsky ML, Tichy EM. Review on immunosuppression in liver
transplantation. World J Hepatol. 2015;7:1355-1368.

13.Duvoux C, Pageaux GP. Immunosuppression in liver transplant recipients
with renal impairment. J Hepatol. 2011;54:1041-1054.

14.Adams DH, Sanchez-Fueyo A, Samuel D. From immunosuppression to
tolerance. J Hepatol. 2015;62(Suppl 1):S170-S185.

15. Turner AP, Knechtle SJ. Induction immunosuppression in liver
transplantation: a review. Transpl Int. 2013;26:673—683.

16.Liu YY, Li CP, Huai MS, et al. Comprehensive comparison of three different
immunosuppressive regimens for liver transplant patients with hepatocellular

75| Page



Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
iy Volume 2, Issue 2, February 2026

USA
Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

carcinoma: steroid-free immunosuppression, induction immunosuppression
and standard immunosuppression. PLOS One. 2015;10:¢0120939.

17.Yoshida EM, Marotta PJ, Greig PD, et al. Evaluation of renal function in liver
transplant recipients receiving daclizumab (Zenapax), mycophenolate
mofetil, and a delayed, low-dose tacrolimus regimen vs. a standard-dose
tacrolimus and mycophenolate mofetil regimen: a multicenter randomized
clinical trial. Liver Transpl. 2005;11:1064—-1072.

18.Neuberger JM, Mamelok RD, Neuhaus P, et al. Delayed introduction of
reduced-dose tacrolimus, and renal function in liver transplantation: the
‘ReSpECT’ study. Am J Transplant. 2009;9:327-336.

19.Calmus Y, Kamar N, Gugenheim J, et al. Assessing renal function with
daclizumab induction and delayed tacrolimus introduction in liver transplant
recipients. Transplantation. 2010;89:1504-1510.

20.Trunecka P, Klempnauer J, Bechstein WO, et al. Renal function in de novo
liver transplant recipients receiving different prolonged-release tacrolimus
regimens-the DIAMOND study. Am J Transplant. 2015;15:1843—1854.

21.Cicinnati VR, Yu Z, Klein CG, et al. Clinical trial: switch to combined
mycophenolate mofetil and minimal dose calcineurin inhibitor in stable liver
transplant patients-assessment of renal and allograft function, cardiovascular
risk factors and immune monitoring. Aliment Pharmacol Ther.
2007;26:1195-1208.

22.Beckebaum S, Klein CG, Sotiropoulos GC, et al. Combined mycophenolate
mofetil and minimal dose calcineurin inhibitor therapy in liver transplant
patients: clinical results of a prospective randomized study. Transplant Proc.
2009;41:2567-2569.

23.Boudjema K, Camus C, Saliba F, et al. Reduced-dose tacrolimus with
mycophenolate mofetil vs. standard-dose tacrolimus in liver transplantation:
a randomized study. Am J Transplant. 2011;11:965-976.

24.Pageaux GP, Rostaing L, Calmus Y, et al. Mycophenolate mofetil in
combination with reduction of calcineurin inhibitors for chronic renal
dysfunction after liver transplantation. Liver Transpl. 2006;12:1755—-1760.

25.Schlitt HJ, Barkmann A, Boker KH, et al. Replacement of calcineurin

76| Page



Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
Volume 2, Issue 2, February 2026

Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

AMERICAN JOURNALS

UsA

inhibitors with mycophenolate mofetil in liver-transplant patients with renal
dysfunction: a randomised controlled study. Lancet. 2001;357:587-593.

26.Schmeding M, Kiessling A, Neuhaus R, et al. Mycophenolate mofetil
monotherapy in liver transplantation: 5-year follow-up of a prospective
randomized trial. Transplantation. 2011;92:923-929.

27.Watson CJ, Gimson AE, Alexander GJ, et al. A randomized controlled trial
of late conversion from calcineurin inhibitor (CNI)-based to sirolimus-based
immunosuppression in liver transplant recipients with impaired renal
function. Liver Transpl. 2007;13:1694—-1702.

28.Teperman L, Moonka D, Sebastian A, et al. Calcineurin inhibitor-free
mycophenolate mofetil/sirolimus maintenance in liver transplantation: the
randomized spare-the-nephron trial. Liver Transpl. 2013;19:675-689.

29.Shenoy S, Hardinger KL, Crippin J, et al. Sirolimus conversion in liver
transplant recipients with renal dysfunction: a prospective, randomized,
single-center trial. Transplantation. 2007;83:1389—-1392.

30.Abdelmalek MF, Humar A, Stickel F, et al. Sirolimus conversion regimen
versus continued calcineurin inhibitors in liver allograft recipients: a
randomized trial. Am J Transplant. 2012;12:694-705.

31.Asrani SK, Wiesner RH, Trotter JF, et al. De novo sirolimus and reduced-
dose tacrolimus versus standard-dose tacrolimus after liver transplantation:
the 2000-2003 phase II prospective randomized trial. Am J Transplant.
2014;14:356-366.

32.De Simone P, Metselaar HJ, Fischer L, et al. Conversion from a calcineurin
inhibitor to everolimus therapy in maintenance liver transplant recipients: a
prospective, randomized, multicenter trial. Liver Transpl. 2009;15:1262—
1269.

33.De Simone P, Nevens F, De Carlis L, et al. Everolimus with reduced
tacrolimus improves renal function in de novo liver transplant recipients: a
randomized controlled trial. Am J Transplant. 2012;12:3008—3020.

34.Rodriguez-Peralvarez M, Guerrero M, Barrera L, et al. Impact of early
initiated everolimus on the recurrence of hepatocellular carcinoma after liver
transplantation. Transplantation. 2018;102:2056—-2064.

77| Page



Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
Volume 2, Issue 2, February 2026

Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

AMERICAN JOURNALS

UsA

35.Hojo M, Morimoto T, Maluccio M, et al. Cyclosporine induces cancer
progression by a cell-autonomous mechanism. Nature. 1999;397:530-534.

36.Vivarelli M, Cucchetti A, Piscaglia F, et al. Analysis of risk factors for tumor
recurrence after liver transplantation for hepatocellular carcinoma: key role
of immunosuppression. Liver Transpl. 2005;11:497-503.

37.Rodriguez-Peralvarez M, Tsochatzis E, Naveas MC, et al. Reduced exposure
to calcineurin inhibitors early after liver transplantation prevents recurrence
of hepatocellular carcinoma. J Hepatol. 2013;59:1193—-1199.

38.Wei Q, Gao F, Zhuang R, et al. A national report from China Liver Transplant
Registry: steroid avoidance after liver transplantation for hepatocellular
carcinoma. Chin J Cancer Res. 2017;29:426-437.

78 | Page




