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Evolution in immunosuppression and correlations to 1 y allograft survival and rejection 

Zand MS Semin Dial 2005; 18: 511-9



▪ Corticosteroids had been a mainstay of immunosuppressive protocols in

kidney transplantation.

▪ Steroids are associated with debilitating side effects, including hypertension,

hyperlipidemia, cataracts, avascular necrosis, osteoporosis, mood and

appearance changes, and, in children, growth retardation.

▪ Treatment of these steroid-related side effects adds to the cost of

transplants.

▪ Steroid-induced co-morbidities increases noncompliance which is

associated with an increased incidence of ARE, chronic rejection, and graft

loss.

Steroids in renal  transplantation: Background



Steroid- free protocols: Rationale

The negative impact of CS on CV risk factors:

• Hypertension

• Diabetes mellitus

• Dyslipidemia

Non-cardiovascular adverse events:

▪ Growth retardation 

▪ Bone problems (osteoporosis, fractures, avascular necrosis)

▪ Impaired wound healing 

▪ Subcapsular cataract 

▪ Cosmetic effects leading to patient non-compliance
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Non-immune triggers of CAI



Long-term causes of death in renal transplants

Sood et al, Int Urol Nephrol 2010; 42(4): 929-34.



Steroid- free protocols: Questions to be answered

▪ Despite the progress made over the past three decades with steroid-

free immunosuppression in kidney transplantation, there are still

lingering questions and concerns about the long-term effects of

steroid-free immunosuppression.

➢ Are there real long-term metabolic benefits? 

➢ Is there an increased risk of acute rejection or chronic allograft 

dysfunction?

➢ What is the impact on graft survival?





Steroid- free protocols: Dilemma

Data from studies on CS minimization have produced conflicting results

regarding benefit vs harm.

▪ Clinical heterogeneity across the steroid avoidance studies .

▪ Wide spectrum of induction and maintenance immunosuppression

agents used.



Steroid- free protocols: Terminology

CS avoidance:

• Either no CS use at all

• CS use only until day 7 after transplantation (Tx)

CS withdrawal:

• Early withdrawal (weeks or months after Tx, usually 3-6 months)

• Late withdrawal (at least 6 months after Tx)



Steroid- free protocols: Induction therapy

▪ Steroid-free regimens require the use of potent induction 

immunosuppression and the selection of low immunological 

risk recipients. 

▪ Attempts to use CS avoidance regimens in the absence of 

induction immunosuppression resulted in unacceptably high 

acute rejection rates.





Approximately 90% of 

United States renal 

transplant recipients 

with a steroid-free 

regimen have received 

induction with a 

lymphocyte-depleting 

agent. 

Anti- IL-2 receptor 

antagonists have been 

used in the remaining 

10%



Sureshkumar KK et al, World J Transplant 2014 September 24; 4(3): 188-195 

Steroid-free Steroid-based 







Alemtuzumab-based induction treatment versus basiliximab-based

induction treatment in kidney transplantation (the 3C Study): a randomized trial

n=426

n=426

3C Study Collaborative Group, Haynes Ret al, Lancet 2014; 384: 1684-1690



Alemtuzumab-based induction treatment versus basiliximab-based

induction treatment in kidney transplantation (the 3C Study): a randomized trial

3C Study Collaborative Group, Haynes Ret al, Lancet 2014; 384: 1684-1690



Pascual et al, Neprol Dial Transplant 2012: 27: 825-832.





A three-am, prospective, randomized, open-label, multi-center, study 

in 40 international centers

▪ 336 renal transplant recipients with PRA ≤ 20%

▪ Basiliximab as an induction therapy

▪ No CS at all vs CS withdrawal at day 7 vs standard CS

▪ Maintenance immunosuppression consisted of cyclosporine and MMF







P = 0.03

P = 0.003



In a standard-risk renal transplant population receiving CsA & MPS and

basiliximab, withdrawal of steroids by the end of the first week posttransplant may 

offer a favorable risk–benefit balance, with comparable 1-year renal graft function to 

a standard steroids regimen. 

Longer follow-up is required, however, to characterize the safety and the benefit of 

steroid sparing beyond 1 year.



Steroid- free protocols: RCTs

• Steroid avoidance

VS

• Late steroid withdrawal



▪ It appears that late CS withdrawal (more than 6 mo and possibly years

after Tx) represents the least favorable method of the CS minimization

strategies.

▪ By that time, certain CS-related complications would already have been

established.

▪ Acute rejection risk is clearly increased upon late withdrawal of

immunosuppressants as dictated by cases of non-compliant patients.

Steroid avoidance VS Steroid withdrawal





Steroid- free protocols:

Impact on graft histopathology





Acute rejection and borderline changes



IF / TA grades

Chronic histological damage



Steroid- free protocols:

Impact on graft & patient survival



Outcome of kidney transplant patients discharged with and without steroids

during 2000 and 2006

Luan et al. Kidney Interna tional (2009) 7 6, 825–830





81.9% vs. 75.3%,
p = 0.0001

88.8% vs. 84.3%,
p = 0.0016

91.8% vs. 87.9%,
p = 0.0091

Opelz G et al, Am J Transpl 5: 720, 2006

Long-Term Prospective Study of Steroid Withdrawal in Kidney and Heart Transplant 
Recipients



Steroid withdrawal in selected 

patients had no negative effect 

over time on renal function and 

graft survival, and it was 

associated with reduced 

mortality.
P < 0.001



Steroid- free protocols: Benefits

• Cardiovascular risk

• Stroke & CVA

• Bone diseases

• Overall mortality (death with function grafts)

• NODAT





Serum Triglycerides

Serum Cholesterol

Sandrini et al, Clin Transplant 2006: 20: 571–581.

Hypertension



Estimated cumulative probability of 

patient survival

Estimated cumulative probability of 

developing CVD

Sandrini et al, Clin Transplant 2006: 20: 571–581.



P = 0.0001



Changes in bone mineral density



Serum Osteocalcin

P < 0.05





Steroid dose 

mg/kg/day

P < 0.001



Death due to malignancyDeath due to infectionDeath due to CVD

P < 0.001 P < 0.001 P = 0.45





Steroid withdrawal has a limited 

impact in

reducing NODAT when 

compared to low-dose 

prednisone (5 mg/day from 

month 6 to 5 years)

Pirsch et al. A JT 2015; 15: 1982–1990



Steroid - free protocols: 

Pediatric recipients



Percentage of patients treated with steroid avoidance by 

transplant year. UNOS



Renal Graft Pediatric Recipients
(n=200)

Randomization

MAB (2x Daclizumab) + 
TAC + MMF

(n=100)
Methylprednisolone 

4 days

TAC + MMF + Steroids
(n=100)

Regular steroid regimen
(as in previous studies)

6 months follow-up
End Point :

-Rejection rate
-steroid specific side-effects

European TWIST Study: Design

Grenda et al. A JT 2010; 10: 828–836



European TWIST Study: impact BPAR

Grenda et al. A JT 2010; 10: 828–836



European TWIST Study: impact on growth

▪ Greater in patients 

treated with

TAC/MMF/DAC than in 

those treated

with TAC/MMF/STR

▪ Greater in

prepubertal than in 

pubertal children

in both treatment groups

Grenda et al. A JT 2010; 10: 828–836

Absolute change in mean 

height at 6 months. 

All Prepubertal Pubertal









Steroid –free regimens are justified in selected pediatric renal allograft 

recipients because it provides significant benefits in post-transplant growth within 

the first year post-withdrawal with minimal effects on the risk of AR, graft function, 

and graft and patient survival within 3 years post-withdrawal. 

The selected pediatric recipients should have the following characteristics:

• Prepubertal

• Caucasian

• Primary disease not related to immunological factors

• De novo kidney transplant recipient

• Low PRA

Steroid Avoidance or Withdrawal in Pediatric Kidney Transplantation: 
Meta Analysis of Randomized Controlled Trials



Steroid- free protocols: High risk patients

➢ Risk for recurrence of Glomerulonephritis

➢ African Americans





Rate of histologic recurrence (%)

Kukla et al. Transplantation 2011 27; 91(12): 1386–1391

GN: no steroids GN: steroids



Doshi et al. AJT 2008; 8: 1759–1760

Attempting steroid avoidance  in AA renal allograft recipients with great 

caution, including use of potent induction therapy, TCL/MMF, surveillance 

biopsy and close monitoring.





Impact of Maintenance Steroids versus Rapid Steroid Withdrawal in 

African-American Kidney Transplant Recipients

Chon et al. Int J Clin Med, 2016, 7, 204-216



Impact of Maintenance Steroids versus Rapid Steroid Withdrawal in 

African-American Kidney Transplant Recipients

Chon et al. Int J Clin Med, 2016, 7, 204-216



Steroid free protocols

Mansoura Experience

Mansoura Experience



(June 2004 – July 2005)

100 recipients randomized into 2 groups

Group I: St (3 days)Tac + MMF           (50 patients) 

Group II: St + Tac + MMF                     (50 patients) 

Both groups: Basiliximab induction. 























21 recipients randomized into 2 groups

Group I: Tacrolimus (11 patients) 

Group II: Sirolimus (10 patients) 

Both groups: Alemtuzumab, single dose, 30 mg, preoperative. 

Phase I: 



20 recipients

▪Tacrolimus + MMF  (3 months) 

▪ Switch to sirolimus + MMF     If - rejection-free 

- no subclinical rejection

- no proteinuria 

Both groups: Alemtuzumab, single dose, 30 mg, preoperative. 

Phase II: 



Current immunosuppression (Phase 2) Current immunosuppression (Phase 1) 

Conclusion: antibody preconditioning with alemtuzumab in kidney transplant could 

allow use of a steroid-calcineurin inhibitor-free regimen. Meanwhile, this regimen 

appears to be a reasonably effective and attractive one, with good patient 

acceptance, excellent patient and graft survival rates.

Steroid-free=17/20
CNI-free = 15/20

Steroid-free=14/18





▪ Steroid-free protocols are safe and could be considered as a 

standard of care only for a selected group of patients:

I. Low-immunologic risk

II. Pediatric transplants

III. Diabetics, cardiac  or obese patients

▪ The safety of steroid-free immunosuppression has improved with the use 

of tacrolimus, mycophenolate mofetil and especially with the regular use 

of induction antibody therapy. 

Steroid- free protocols: Conclusions



▪ The metabolic benefits of steroid-free regimens are confirmed (CVD, 

bone mineral density, CVA, diabetes, gastritis, cosmetic 

appearance, adherence, etc  …… better patient survival .

▪ Steroid avoidance is better than late withdrawal. 

▪ Surveillance and screening for de novo DSA  are recommended to 

detect any sign of long-term under-immunosuppression.

▪

Steroid- free protocols: Conclusions



▪ Long term RCTs that has adequate statistical power to detect 

differences in acute rejection and major adverse events is needed to 

determine whether the benefit of steroid avoidance outweigh the 

harm.

Steroid- free protocols: Conclusions
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