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Introduction

• Organ transplantation is a life-saving procedure for many individuals 
with end-stage organ disease. 

• The need for lifelong maintenance immunosuppression (M-IMS) is 
nearly universal as risk of rejection is omnipresent. 

• Nonadherence to M-IMS is a contributing cause of poor post-
transplant outcomes, with barriers to medication access a leading risk 
factor for nonadherence.

• Current M- IMS practices involve a multi-drug regimen tailored to the 
individual based on rejection risk, organ characteristics, 
comorbidities, and side effects with modifications made as these 
factors change. 



The modern era of M-IMS began in the 1990s with the emergence of modified cyclosporine, tacrolimus, 
and mycophenolic acid (MPA) which has led to significant improvements in one-year allograft survival 
among all organ recipients by decreasing the rate of rejection.
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Introduction

• The 2019 Organ Procurement and Transplantation Network Annual 

Data Report shows the most common M-IMS regimen prescribed at 

discharge was tacrolimus, mycophenolate mofetil (MMF), and 

corticosteroids for kidney (65%), pancreas (67%), liver (65%), heart 

(86%), and lung (80%) transplant recipients.





INDUCTION THERAPY

1.1: We recommend starting a combination of immunosuppressive 

medications before, or at the time of, kidney transplantation. (1A)

1.2: We recommend including induction therapy with a biologic agent as part 

of the initial immunosuppressive regimen in KTRs. (1A)

1.2.1: We recommend that an IL2-RA be the first-line induction therapy. (1B)

1.2.2: We suggest using a lymphocyte-depleting agent, rather than an IL2-RA, 

for KTRs at high immunologic risk. (2B)



INITIAL MAINTENANCE IMMUNOSUPPRESSIVE MEDICATIONS

2.1: We recommend using a combination of immunosuppressive medications as maintenance therapy 

including a CNI and an antiproliferative agent, with or without corticosteroids. (1B)

2.2: We suggest that tacrolimus be the first-line CNI used. (2A) 

2.2.1:We suggest that tacrolimus or CsA be started before or at the time of transplantation, rather than 

delayed until the onset of graft function. (2D tacrolimus; 2B CsA)

2.3: We suggest that mycophenolate be the first-line anti-proliferative agent. (2B)

2.4: We suggest that, in patients who are at low immunological risk and who receive induction therapy, 

corticosteroids could be discontinued during the first week after transplantation. (2B)

2.5: We recommend that if mTORi are used, they should not be started until graft function is established and 

surgical wounds are healed. (1B)



LONG-TERM MAINTENANCE IMMUNOSUPPRESSIVE MEDICATIONS

3.1: We suggest using the lowest planned doses of maintenance 

immunosuppressive medications by 2–4 months after transplantation, if 

there has been no acute rejection. (2C)

3.2: We suggest that CNIs be continued rather than withdrawn. (2B)

3.3: If prednisone is being used beyond the first week after transplantation, 

we suggest prednisone be continued rather than withdrawn. (2C)









KDOQI Commentary: 
In the US, decisions on immunosuppression are made by the transplant center and 
any alterations should always be made in concert with them. Dosing of 
immunosuppression should at all times take into account the individual patient’s risk 
profile, balancing rejection with the adverse effects of medications. 





Is tacrolimus the most efficacious CNI for prevention of 
allograft rejection and loss at 12 months or longer?

1.1. Recommendation (1A kidney, pancreas, liver; 1D intestine; 2B 

heart, lung). Tacrolimus is superior to CyA-ME for the prevention of 

allograft rejection. Additionally, it is superior for reducing the severity 

of rejection in kidney and pancreas transplants.

1.2. Recommendation (1A kidney, pancreas; 1B liver) . Tacrolimus is 

associated with improved allograft survival compared to CyA-ME.



Are extended-release formulations of tacrolimus as effective as 
immediate release formulation?

2.1. Recommendation (1A kidney; 1B liver; 1C heart). Once daily, extended-

release formulations of tacrolimus are equally efficacious as IR-TAC for the 

prevention of acute rejection and patient and allograft survival.

2.2. Recommendation (1B kidney, pancreas, liver; 1C heart; 2D lung). Kidney, 

liver, heart, and lung transplant recipients on LCP-Tacrolimus have 

comparable tacrolimus exposure as those receiving IR-TAC with a reduced 

mean total daily dose (TDD). 



What is the role of extended-release formulations of tacrolimus in 
modern M-IMS?

3.1. Recommendation (1B kidney; 1C liver, heart) . Complex medication regimens involving 

multiple daily doses have shown to decrease patient medication adherence. Decreased 

medication adherence is associated with worse outcomes. Once daily tacrolimus products 

may improve the rate of adherence compared to twice daily tacrolimus.

3.2. Recommendation (1B kidney; 1D pancreas). Due to pharmacokinetic differences, LCPT 

abrogates peak-related side effects of tacrolimus, such as tremors, in transplant recipients.

3.3. Recommendation (1C kidney). LCPT may be advantageous in recipients who are 

African American, elderly (≥65) and presumed or proven rapid metabolizers.



Can tacrolimus monotherapy be safely used as M-IMS to prevent 
allograft rejection and loss at 12 months?

5.1. Recommendation (2A kidney). Tacrolimus monotherapy in the setting of alemtuzumab

induction immunosuppression is as effective at preventing BPAR and achieves similar 1-

year patient and allograft survival as IL2-receptor antagonist induction followed by 

tacrolimus and MPA in low immunologic risk transplant recipients.

No recommendation can be made for tacrolimus monotherapy in recipients of high 
immunologic risk.



Ideal Calcineurin Inhibitor Targets

• In the Symphony trial, although tacrolimus trough (tacrolimus C0) level goals 

were protocol specified at 3–7 ng/ml, the actual achieved tacrolimus C0 exposure 

averaged 6.4 ng/ml at 12 months and 6.5 ng/ml at 36 months. Thus, a more 

appropriate interpretation of the Symphony trial is that a tacrolimus C0 dose 

range of 5–8 ng/ml should be considered the standard of care.

• Appropriate tacrolimus trough goals must be adjusted downward when using 

tacrolimus in combination with mTOR inhibitors, such as everolimus or sirolimus, 

due to a synergistic nephrotoxic effect noted with this combination.



TRANSFORM trial (2018)

• 2037 subjects were randomized to reduced-dose tacrolimus (tacro-
limus C0 2–4 ng/ml) in combination with everolimus or standard 
tacrolimus/mycophenolate–based immunosuppression (tacrolimus C0 
6–10 ng/ml). 

• At 12 months post- transplant, no differences were noted between 
treatment arms for the combined end point of treated biopsy-proven 
acute rejection or eGFR,50 ml/min per 1.73 m2 , graft loss, or death. 
There were fewer reported CMV and BKV events in the EVR arm, with 
higher discontinuation rates in the everolimus arm. 

• Different side effect profiles may make one strategy better suited 
for an individual patient.



ANTIMETABOLITES

Is MPA the superior antimetabolite in preventing allograft rejection and/or loss at 

12 months?

6.1. Recommendation (2B kidney). There may be benefit to the use of MPA over 

azathioprine for the prevention of acute rejection.

Where can MPS be advantageous over MMF?

7.1. Recommendation (1A kidney; 1B pancreas, heart; 2C liver) .

MMF dose reductions are associated with increased rejection rates. Transplant 

recipients with gastrointestinal side effects may benefit from conversion to enteric-

coated MPS. It is a safe and effective alternative to MMF.



In kidney transplant, two RCTs compare MMF to azathioprine in 
combination with CyA-ME and corticosteroids:

336 (168 patients per group) kidney transplants randomly assigned to either 
MMF or azathioprine found similar rate of clinical rejection at 6 and 21 
months. Of note, steroids were tapered at 6 months in stable patients. 



A prospective, open-label, multicenter, randomized study of 477 kidney recipients compared 

three groups: those on 3 months of MMF followed by 9 months of azathioprine, 12 months of 

MMF, and 12 months of azathioprine. Investigators found significantly lower acute rejection 

and treatment failure rates with MMF-containing groups (43.7% and 43.2% vs. 58.6%, p < 0.01; 

23.4% and 21% vs. 32%, p < 0.04, respectively). 



Two RCTs also compared both antimetabolites in the setting of tacrolimus.

Method: Two hundred twenty-three recipients of first cadaveric kidney allografts were randomized to 
receive tacrolimus (TAC) + mycophenolate mofetil (MMF), TAC + azathioprine (AZA), or cyclosporine 
(Neoral; CsA) + MMF.
Conclusion: All three immunosuppressive regimens provided excellent safety and efficacy. However, 
the best results overall were achieved with TAC+MMF. The combination may provide particular 
benefit to kidney allograft recipients with DGF. In patients who experienced DGF, graft survival was 
better at 3 years in those patients receiving TAC in combination with either MMF or AZA as compared 
with the patients receiving CsA with MMF.



A prospective open-label randomized study of 223 first-time kidney transplants compared 
three groups: tacrolimus/MMF, CyA-ME/ MMF, and tacrolimus/azathioprine.There was no 
difference in 12-month BPAR or patient and allograft survival, but corticosteroid-resistant 
rejection (4.2% in tacrolimus/MMF vs. 10.7% in CyA-ME/ MMF and 11.8% in the 
tacrolimus/azathioprine) and moderate to severe (Banff II–III) rejection was lowest in the 
tacrolimus/MMF group.



Is corticosteroid withdrawal a safe and effective immunosuppression 
strategy in the era of modern M-IMS?

9.1. Recommendation (1B kidney, liver, heart; 1C pancreas). While 
corticosteroids remain the cornerstone of M-IMS for most patients, 
sustained effort to eliminate corticosteroids due to their metabolic 
complications has been successfully attempted.

Corticosteroid withdrawal has been successfully done in low and moderate risk kidney transplant 
recipients, but may result in higher incidence of BPAR with similar patient and allograft survival. 

Corticosteroid withdrawal has been associated with improvement in metabolic endpoints such as 
hyperlipidemia, serum triglycerides, need for insulin to treat diabetes, and changes in HgA1c. Two-
thirds of kidney transplants are maintained on corticosteroids long term 



CORTICOSTEROID WITHDRAWAL

• Early corticosteroid withdrawal (within the first week post-transplant) is a 

common immunosuppression strategy, as approximately 30% of all kidney 

transplant recipients are maintained on tacrolimus/mycophenolate steroid-

free immunosuppression at 1 year following transplant in the United 

States. 

• The increase in acute rejection rates in early corticosteroid withdrawal can 

be mitigated, but not entirely eliminated, by the use of depleting antibody 

induction.



Methods: Adult recipients of deceased and living donor kidney transplants without delayed graft 
function were randomized to receive prednisone (5 mg/d after 6 months posttransplant) or CSWD. 
Blinding was maintained for 5 years. [386 patients CSWD (n = 191), CCS (n = 195)]

Conclusions: Early CSWD, compared with CCS, is associated with an increase in BCAR primarily 
because of mild, Banff 1A, steroid-sensitive rejection, yet provides similar long-term renal allograft 
survival and function. 
CSWD provides improvements in cardiovascular risk factors (triglycerides, NODAT requiring insulin, 
weight gain). Tacrolimus/MMF/antibody induction therapy allows early CSWD with results 
comparable to long-term low dose (5 mg/d) prednisone therapy





Methods: Using the Scientific Registry of Transplant Recipients, we studied 110,019 

adult deceased-donor KT recipients between 2005 and 2017.

Conclusions: Higher graft loss and mortality in deceased donor recipients with 

delayed graft function who underwent early corticosteroid withdrawal.



What is the role of mTORi in the context of kidney function?

10.1. Recommendation (1A kidney; 1B liver, lung; 2B heart) . mTORi may be 

considered in combination with low-dose CNI, MPA, with or without 

corticosteroids to minimize CNI-associated kidney dysfunction.

10.2. Recommendation (1A kidney) mTORi may also be considered as a 

replacement to CNI to minimize CNI-associated kidney dysfunction. 

10.3. Recommendation (2C kidney). Antimetabolites can be replaced by a 

mTORi when used in combination with low-dose CNI as a kidney-sparing 

strategy.



NONCALCINEURIN INHIBITOR–BASED REGIMENS

• Currently, only one calcineurin inhibitor–free regimen, belatacept in combination with 

mycophenolate and corticosteroids, is US Food and Drug Administration (FDA) approved 

for use in adult kidney transplant recipients seropositive for Epstein–Barr virus.

• Belatacept is a soluble fusion protein that binds to CD80 and CD86 on the surfaces of 

antigen-presenting cells, thereby inhibiting CD28- mediated T cell co-stimulation. 

• The regulatory approval of belatacept was, in part, on the basis of the results from two 

randomized phase 3 trials: BENEFIT and BENEFIT- EXT (differed primarily in the donor 

population that was utilized for transplantation)



Belatacept mechanism of action



BELATACEPT

• Two dosing regimens of belatacept (“more intense” and “less intense”) were compared with a 

cyclosporin-based immunosuppression regimen. 

• Under the FDA-approved “less intense” regimen, belatacept 10 mg/kg is administered 

intravenously on days 1 and 5 and weeks 2, 4, 8, and 12 post-transplantation, and 5 mg/kg 

belatacept is given every 4 weeks thereafter.

• In BENEFIT, patients were transplanted with a living or standard criteria deceased donor kidney. 

At 12 months post-transplantation, the acute rejection rates for belatacept and cyclosporin were 

17% and 7%, respectively; however, GFR was higher in the belatacept arm, even in those with 

rejection.



BELATACEPT

• Patients enrolled to BENEFIT-EXT were recipients of extended criteria donor 

kidneys, kidneys with an anticipated cold ischemia time of almost 24 hours, or 

kidneys donated after cardiac death. At 12 months post- transplantation, 18% of 

patients randomized to belatacept and 14% of those randomized to cyclosporin 

experienced acute rejection.

Acute rejection episodes under belatacept-based treatment tend to occur early in 
the post-transplantation period, with a low incidence of late rejections.



Can patients be safely converted to belatacept to eliminate or 
minimize CNI exposure?

16.1. Recommendation (2B kidney). It is safe to convert stable, living, or 

deceased donor, low immunologic risk transplant recipients from CNI to 

belatacept. 

While such a conversion has been shown to improve kidney allograft 

function, along with a modest decrease in the development of NODAT 

and hypertension, these benefits must be weighed with an increased 

risk of acute rejection and infection, particularly CMV.





Are There New Immunosuppression Agents on the Horizon?

At present, there is a paucity of novel 

maintenance immunosuppressive 

agents in the pipeline. Iscalimab, an 

anti- CD40 mAb, has been studied in a 

phase 2 trial, and other agents 

targeting co-stimulation blockade are 

in preclinical development.



FINALLY

• Long-term immunosuppression management remains a balancing act, with efforts being 

made to maximize outcome (patient and graft survival) and minimize toxicity. 

• Thus far, no immunosuppression regimen has proven to be without a potential pitfall. 

• Efforts, however, are underway in the transplant community to take a more balanced 

approach to immunosuppression by utilizing tools, such as donor-derived cell free DNA, 

gene expression profiling, and HLA matching/DSA monitoring, to achieve a personalized 

approach to long-term immunosuppression management. 







aSee R 10.1 (2C) 
bSee R 10.2 (2C) c

See R 10.3 (2D) 
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