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Abstract
Protocols incorporating rapid discontinuation of prednisone (RDP) after kidney transplantation have
been associated with good short-term results. However, concern remains that RDP will be associated
with decreased long-term graft survival rates. We compared kidney transplant half-life (t ½) for
recipients treated with antibody induction, CNI, antimetabolite and RDP vs. historical controls treated
with antibody induction, CNI, antimetabolite and maintenance prednisone. For both living and
deceased donor recipients, we found no difference between groups. We also found no differences in
rate of graft loss to acute rejection or to tubular atrophy and interstitial fibrosis. Our study suggests
that long-term graft outcome is not decreased when using RDP protocols versus chronic maintenance
prednisone.
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The goal of prednisone minimization protocols after kidney transplantation has been to
minimize prednisone-related side effects without increasing the rates of acute rejection and of
late graft loss. Historically (before 1999), most trials studied late prednisone withdrawal—i.e.,
≥3 months posttransplant. The results were mixed. Single-center reports noted either good or
poor results; however, large, multicenter trials and meta-analyses reported increased rates of
acute rejection and graft loss after late prednisone withdrawal (1-6). These same studies showed
little evidence of minimization of prednisone-related side effects.

More recently, most clinical trials have studied rapid discontinuation of prednisone (RDP) –
i.e., ≤ 7 days posttransplant. Prospective randomized trials of RDP vs. maintenance prednisone
have shown little or no difference in acute rejection rates and no difference in short-term graft
survival rates between groups (7-13). Those and other nonrandomized trials have shown that
RDP protocols are successful in minimizing prednisone-related side effects (7-17). However,
concern remains that RDP will be associated with decreased long-term graft survival rates.

We herein studied the half-life (t ½)—the time it takes for ½ of the grafts functioning at 1 year
to subsequently fail—and compared t ½ of recipients treated with RDP vs. historical controls
treated with maintenance prednisone. Calculation of t ½ does not consider early graft loss to
technical failure, early patient death, irreversible early acute rejection, or primary nonfunction.
However, given that the slope of the curve of graft failure vs. time has been a straight line after
1 year, t ½ gives an estimate of long-term graft survival for grafts surviving the first year
(18,19).
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From September, 1999 through June 30, 2006, a total of 590 first kidney transplant recipients
(423 living donor [LD], 167 deceased donor [DD]) were treated with RDP and had 1-year
function. Our protocol has been described in detail elsewhere (16). In short, all recipients were
treated with polyclonal antibody (Thymoglobulin), a calcineurin inhibitor (either cyclosporine
or tacrolimus), an antimetabolite (either mycophenolate mofetil or sirolimus), and a 5-day
course of prednisone.

Historical controls (n = 335 first transplants: 105 LD, 230 DD), who underwent a transplant
from January 1, 1995, through October 31, 2000, and had 1-year function, were treated with
polyclonal antibody, a calcineurin inhibitor, an antimetabolite, and long-term maintenance
prednisone. Note, our program started RDP protocols in LD recipients; we only expanded the
protocol to DD after showing low acute rejection rates in LDs (20). As a consequence, there
is a time overlap between the RDP and maintenance prednisone groups; in addition, there is a
higher percentage of DD in the controls than in the RDP group.

We calculated t ½, separately for LD and DD recipients, for those treated with RDP, and for
historical controls. We first calculated t ½ for all graft loss; we then calculated t ½ for death-
censored graft loss. We also determined the actuarial rates of graft loss to acute rejection, of
biopsy-proven chronic rejection (tubular atrophy and interstitial fibrosis), and of death with
function.

Characteristics of the RDP and historical groups are shown in Table 1. For LD recipients, we
found no significant differences between the RDP and historical groups. But for DD recipients,
the RDP group had a significantly increased percentage of recipients with type 1 diabetes (p<.
05) and with a low panel-reactive antibody (PRA) level (p<.05).

T ½ is shown separately for DD and LD recipients in Table 2. For both DD and LD recipients,
we found no significant difference in t ½ or in death-censored t ½ between the RDP recipients
and historical groups. For LD recipients, we found no difference in the actuarial rates of graft
loss to acute rejection, of tubular atrophy and interstitial fibrosis, or of death with function
(Table 3); for DD recipients, the RDP group had a significantly lower rate of death with function
(p=.04). Considering only actuarial rates of graft loss for LDs after the first year, we found no
difference between LD groups; for DDs, there was a trend (p=.07) to a lower rate of death with
function.

The benefits of prednisone-free immunosuppression are intuitively obvious. Prednisone is
associated with numerous side effects including hypertension, diabetes, cataracts, avascular
necrosis, fractures, and changes in skin, mood, and appearance. Treatment of prednisone-
related side effects in transplant recipients is expensive for the health care system (21). And,
when surveyed, recipients state that the immunosuppressive drug they would most like to
not take is prednisone (22).

Recent prospective randomized trials of maintenance prednisone vs. RDP have shown little or
no increase in acute rejection rates with RDP (7-13). Short-term patient and graft survival rates,
and renal function, have been similar between the RDP and maintenance groups. Our current
study suggests that long-term graft function will be similar for those on RDP protocols and on
maintenance prednisone.

The historical concern about long-term graft function with prednisone-free maintenance
immunosuppression is based on the results of 1 multicenter Canadian study (23). In that study,
recipients on prednisone and cyclosporine who had good graft function were randomized at 3
months posttransplant to either continue on the 2 drugs or switch to cyclosporine monotherapy.
For the first 500 to 600 days after randomization, that study’s authors found there were no
significant differences between the 2-drug and prednisone withdrawal groups; but, thereafter,
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the prednisone withdrawal group had significantly worse graft function. Of importance, acute
rejection episodes were not documented, so that it is unknown whether some (or all) of the
difference between the 2 groups was related to an increased rate of acute rejection after
prednisone withdrawal. Other studies involving prednisone withdrawal at 3 months have
reported an increased rate of acute rejection in their prednisone withdrawal group (1-6).

Prednisone is an antiinflammatory drug, so there is a theoretical concern that the kidney grafts
of prednisone-free recipients might more rapidly deteriorate in association with tubular atrophy
and interstitial fibrosis. But, to date, large randomized trials (albeit with limited follow-up)
have not shown any increase in graft dysfunction in any of the RDP groups. In our study, with
longer follow-up, we found no difference in t ½ between the RDP and historical groups.

One limitation of our study is the assumption that the curve of graft failure (after 1 year) vs.
time will be a straight line after RDP, as it has been for recipients on maintenance prednisone.
It is possible, long-term, that the curve of graft failure vs. time will differ for RDP recipients.
Only continued, long-term, follow-up investigation will answer this question.

A second limitation is related to actuarial analysis; Meier-Kriesche et al. showed that real half-
lives were shorter than projected half-lives (24). This observation is of less of a concern in our
study in that the control group has only been followed slightly longer than the RDP group and
we are not relying on projected half-lives for our analysis. A third limitation is the use of
historical controls. Given that transplant results are improving, use of current controls (or a
randomized study) may demonstrate different results. Finally, as noted in Table 1, over 80%
of our recipients are white; our observation may not apply to an African American population.

We found no significant difference for LD recipients in the actuarial rates of graft loss to acute
rejection, tubular atrophy and interstitial fibrosis, or of death with function; for DD recipients,
the RDP group had a significantly lower rate of graft loss to death with function. Recently, in
a long-term follow-up study, Vanrenterghem et al. noted that the total dose of steroids was
related to cardiovascular complications (25).

In conclusion, the potential benefit of RDP protocols after kidney transplant is the minimization
of prednisone-related side effects. Our study suggests that kidney allograft t ½ will be similar
on RDP and with chronic maintenance prednisone protocols.
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Table 1
Characteristics of First Kidney Transplant Recipients

Deceased donor recipients Living donor recipients
Historical control RDP+ Historical control RDP+

Primary disease (%)
 Type 1 diabetes 16% 32%* 33% 32%
 Type 2 diabetes 15% 16% 8% 10%
 Polycystic kidney disease 12% 7% 11% 12%
% female 41% 40% 34% 40%
% white 80% 78% 94% 93%
Mean age years (±S.E.) 51±13 51±13 43±11 42±10
Graft PRA# level (%)
  0% 78% 84%* 89% 88%
  1-10% 4% 3% 4% 6%
  11-50% 8% 6% 5% 5%
  >50% 14% 8% 2% 2%
Donor gender, % female 45% 43% 62% 60%
Donor race, % white 94% 93% 95% 93%
Donor mean age, years (± S.E.) 39±17 36±16 43±11 42±10

+
RDP = rapid discontinuation of prednisone

#
PRA = panel-reactive antibody

*
p<.05 vs. deceased donor historical controls

S.E. = standard error
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Table 2
Kidney Graft Half-life (t ½) (± S.E.)

Historical controls RDP

Deceased donor recipients
T ½ (95% C.I.) 8.9±0.8 years (7.3, 10.6 years) 15.0±3.3 years (8.6, 21.4 years)
Death-censored t ½ (95% C.I.) 17.2±2.2 years (12.8, 21.6 years) 22.5±6 years (10.7, 34.3 years)
Living donor recipients
T ½ (95% C.I.) 14.7±2.5 years (9.8, 19.6 years) 16.1±2.2 years (11.7, 20.4 years)
Death-censored t ½ (95% C.I.) 25.0±5.6 years (14.0, 35.9 years) 33.4±6.7 years (20.3, 46.5 years)

+
RDP = Rapid discontinuation of prednisone

C.I. = confidence interval

S.E. = standard error
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Table 3
Six-Year Actuarial Graft Loss Rates

Historical controls RDP+

Deceased donor recipients n=230 n=167
 Acute rejection 1.7% 4.3%
 TA/IF* 6.1% 7.1%
 Death with function 12.2% 5.4%**
Living donor recipients n=105 n=423
 Acute rejection 1.2% 0.6%
 TA/IF 3.2% 4.2%
 Death with function 9.2% 9.3%

+
RDP = Rapid discontinuation of prednisone

*
TA/IF – tubular atrophy/interstitial fibrosis

**
p = .05
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