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The Risks and Benefits of Late Steroid Withdrawal
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Abstract

Steroid withdrawal after the first posttransplant months in patients receiving a kidney transplant
has been recently discouraged in clinical guidelines. A systematic review of studies assessing
late steroid withdrawal beyond the third month after kidney transplantation was undertaken.
A special meta-analysis of the nine randomized controlled trials of steroid withdrawal between
three and six months after kidney transplantation, using the current most frequently used
immunosuppressive regimen, a calcineurin inhibitor plus mycophenolic acid, was included in
our review. Death and graft loss were similar in steroid withdrawal and control patients.
Including all trials, acute rejection was not more frequent after steroid withdrawal, but
stratifying by the drug used, cyclosporin A was associated with an increased incidence of
overall acute rejection or biopsy proven acute rejection. Conversely, tacrolimus allowed steroid
withdrawal without increased biopsy proven acute rejection. Serum cholesterol was lower
after steroid withdrawal than in controls either using cyclosporin A or tacrolimus. Serum
creatinine, blood pressure, serum triglycerides, new-onset diabetes mellitus, infections, or
malignancies were similar in steroid withdrawal and control patients, so the benefits of late
steroid withdrawal were not easily demonstrated.

A total of 30 reports from 26 observational or randomized controlled trials without an adequate
conventional steroid control group were also analyzed. In general, an increase in acute rejection
without increased graft loss was evident in these low-quality studies, with some benefits in
cholesterol reduction, and less glucose metabolism and bone metabolism alterations.
Steroid withdrawal three to six months after kidney transplantation is associated with increased
rates of acute rejection only if cyclosporin A is used, but not with tacrolimus. Graft function and
survival remain stable up to three years after transplantation, the longest follow-up reported.
The interest in late steroid withdrawal has decreased over the last years in the literature. More
trials with carefully designed outcome measures are needed in patients treated with low-
exposure tacrolimus and mycophenolic acid derivatives. (Trends in Transplant. 2011;5:69-82)
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More than 95% of transplant recipients
are treated with corticosteroids as a usual
component of clinical immunosuppressive
regimens. They are effective in reducing the
incidence of acute rejection, but are an impor-
tant cause of morbidity and probably mortality’.
Moreover, they have adverse effects on cardio-
vascular risk factors such as hypertension, hy-
perglycemia or hyperlipidemia, deleterious ef-
fects on bone metabolism, and may contribute
to an increased risk of infection?. Clinicians
have attempted to reduce the steroid dosages
used after kidney transplantation to prevent
acute rejection, and complete steroid avoid-
ance or withdrawal have been tested in a num-
ber of controlled studies. The first systematic
review of prednisone withdrawal and avoidance
published in 1993 showed an unacceptable rate
of acute rejection after steroid withdrawal (SW)3.
A second systematic review was published
in 2000, and again showed a significant in-
crease in acute rejection and graft failure rates
after prednisone elimination*. During the last
few years, use of the new immunosuppressants
tacrolimus and mycophenolate mofetil (MMF)
has led to important declines in the incidence
of acute rejection and could provide a more
potent substrate to attempt safe steroid-free
immunosuppression or SW. In 2004 we under-
took a systematic review that investigated SW
in kidney allograft recipients receiving cy-
closporine (CsA) or tacrolimus plus MMF®.
Acute rejection rates were higher in patients
withdrawing from steroids, but short-term graft
failure rates were unaffected. Surprisingly, re-
cent Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines have discouraged
late SW as a safe strategy for steroid-sparing
maintenance treatment, supporting steroid
avoidance or very early withdrawal as the saf-
est way to manage steroid treatment after kid-
ney transplantation®. We have updated our
previous analyses and assessed the safety
and efficacy of SW in patients receiving a
kidney transplant.

A meta-analysis of randomized
controlled trials

In a very recent systematic review’, we
included nine randomized controlled trials in-
cluding 1,820 patients, assessing SW com-
pared with steroid maintenance in patients
with MMF or mycophenolate sodium (MPS) as
a third drug®'”. None included mammalian
target of rapamycin (mTOR) inhibitors. One
additional study including 364 patients com-
pared SW at three months with SW after the
first days, without a steroid maintenance control
group, and was finally excluded for analyses’®.
One randomized controlled trial in pediatric
recipients was also excluded'. Most of the
trials had two arms; one of them had three
arms where patients were randomized to (i)
continue with tacrolimus, MMF and steroids,
or (ii) stop steroids, or (iii) stop MMF; in this
meta-analysis only patients in subgroups (i)
and (ii) were included?®.

The main study characteristics are de-
picted in table 1. Cyclosporin A was used in
seven randomized controlled trials comparing
SW with maintenance®'#; tacrolimus was used
in the other two'®'6. All SW randomized
controlled trials were performed without initial
protocol antibody induction treatment. Conse-
quently, it was not possible to compare SW
with or without induction.

Risks of late steroid withdrawal

In our recent review, death and graft
loss (both including or excluding death) were
similar in SW and control patients (Table 2).
Acute rejection was not more frequent after
SW, including all trials and analyzing intent-to-
treat (ITT) populations. However, stratifying by
the drug used, SW in subjects receiving CsA
appeared to be associated with a higher inci-
dences of overall acute rejection (RR: 1.42
[1.08; 1.87]) or biopsy proven acute rejection
(RR: 1.61 [1.20; 2.17])’. Steroid withdrawal in
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Table 1. Characteristics of the randomized controlled trials on late steroid withdrawal after kidney transplantation

Treatment

Trials n  Multicentre trial CNI Other Timing of steroid withdrawal Follow-up

(months)
Pascual, et al."” 446 Yes TAC MMF + prednisone In 2 weeks after 3 months 36
Del Castillo, et al 8 142 Yes CsA  Myf + prednisone  In 3 months after 3 months 12
Sola, et al.”™® 92 No TAC  MMF + prednisone In 3 weeks after 3 months 24
Smak Gregoor, et al.™ 139 Yes CsA  MMF + prednisone In 10 weeks after 6 months >6
Vanrenterghem, et al.” 500 Yes CsA MMF + prednisone Low-dose prednisone and 12

stopped at 3 months

Boletis, et al.' 66 No CsA  MMF + prednisone In 6 weeks after 6 months 12
Pelletier, et al.™ 118 No CsA  MMF + prednisone Variable period 45
Francos, et al.? 51 No CsA MMF + prednisone After 3 months 36
Ahsan, et al.’ 266 Yes CsA MMF + prednisone In 8 weeks after 3 months 12

CNI: calcineurin inhibitor; TAC: tacrolimus; CsA: cyclosporin A; MMF: mycophenolate mofetil; Myf: myfortic (enteric-coated mycophenolic acid).

tacrolimus trials was not associated with
increased overall or biopsy proven acute re-
jection. However, this difference in overall
acute rejection between using CsA and
tacrolimus lost significance when interaction
analysis was applied (p = 0.438)%.

The analysis of ITT biopsy proven acute
rejection, however, showed significant differ-
ence between CsA and tacrolimus, and con-
firmed that biopsy proven acute rejection after
SW was significant only if CsA is used, not with
tacrolimus (p for the interaction = 0.005)".

This review confirmed that SW in kidney
transplantation is not associated with in-
creased mortality or graft loss’. Only SW without
MMF using CsA has been associated with
higher rates of graft loss?'. The increase in
graft loss was previously reported in a meta-
analysis including mainly studies without MMF#,
while the safety of steroid withdrawal had
been previously reported in a meta-analysis
including only studies with MMF®. All the SW
studies were designed without any antibody
induction treatment, so the safety of SW ob-
served in this review was obtained without the
need for antibody induction cover.

Overall, acute rejection was more fre-
quent with SW after three to six months than
with conventional steroid use. In the previously
published meta-analyses, acute rejection rates
were assessed from the moment of effective
SW (i.e. on-treatment analysis), showing an in-
creased acute rejection rate34, without detect-
ing a difference between both drugs. This kind
of on-treatment analysis was not performed in
the current study, and an ITT approach was
preferred. An increase in acute rejection rates
(including both biopsied and non-biopsied
cases) with ITT analysis including all patients
since the time of kidney transplantation was
initially observed only in patients receiving CsA
and not in those receiving tacrolimus. However,
using the interaction analysis proposed by
Altman and Bland®, this difference in outcome
between using CsA and tacrolimus lost sig-
nificance. This illustrates that even when the
two subgroup estimates, using CsA vs. using
tacrolimus, and P values, seem very different,
the test of interaction may not be significant. It
is not sufficient for the relative risk to be sig-
nificant in one subgroup and not in another®,
The analysis of ITT biopsy proven acute rejec-
tion, however, showed significant differences
between CsA and tacrolimus, and confirmed
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Table 2. Results obtained from the meta-analysis of randomized controlled trials of late steroid withdrawal after kidney trans-

plantation stratified by calcineurin inhibitor

No. of No. of

trials participants

Effect size Tests for heterogeneity

Risk Ratio (95% CI) P value P value 12 (%)

Dichotomous outcomes, by calcineurin inhibitor

Death

All 8 1,779 0.96 (0.54; 1.70) 0.89 0.61 0
Cyclosporine 6 1,241 0.91 (0.41; 2.02) 0.81 0.47 0
Tacrolimus 2 538 1.02 (0.45; 2.30) 0.97 1.00 0
Graft loss including death

All 8 1,779 1.05 (0.79; 1.41) 0.72 0.74 0
Cyclosporine 6 1,241 0.93 (0.58; 1.49) 0.76 0.68 0
Tacrolimus 2 538 1.13 (0.79; 1.63) 0.50 1.00 0
Graft loss excluding death

All 8 1,779 1.07 (0.76; 1.52) 0.69 0.95 0
Cyclosporine 6 1,241 0.90 (0.50; 1.64) 0.74 0.96 0
Tacrolimus 2 538 1.17 (0.76; 1.80) 0.47 1.00 0
ITT acute rejection (since time of kidney transplant)

All 4 1,180 1.20 (0.84; 1.71) 0.31 0.10 52
Cyclosporine 2 642 1.42 (1.08; 1.87) 0.013 0.85 0
Tacrolimus 2 538 1.05 (0.51; 2.13) 0.90 0.15 51
Intent to treat biopsy-proven acute rejection

All 4 1,237 1.27 (0.84; 1.93) 0.26 0.04 64
Cyclosporine 3 791 1.61 (1.20; 2.17) 0.0018 0.83 0
Tacrolimus 1 446 0.82 (0.57; 1.18) 0.29 NA NA
Patients on lipid-lowering therapy

All 3 687 0.86 (0.49; 1.50) 0.60 0.15 48
Cyclosporine 1 149 1.49 (0.69; 3.24) 0.31 NA NA
Tacrolimus 2 538 0.66 (0.46; 0.93) 0.017 0.66 0

that biopsy proven acute rejection after SW
was significant only if CsA is used, not with
tacrolimus. In any case, severe and recurrent
rejections increase the risk of graft loss, but a
single early rejection with complete functional
recovery after treatment is not harmful for later
graft outcome. Most of the rejections described
in steroid-sparing protocols occurred early and
were in most cases mild and easily controlled

with steroids. Although the question remains
whether the possible deleterious effects of
reversible rejection in a very low percentage
of patients outweigh the possible beneficial
effects of steroid avoidance, the vast majority of
patients do benefit from being without steroids
early after transplantation without immediate
risk of rejection. Despite a significant increase
in acute rejection risk, the very low absolute
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number of rejections might be enough of an
argument for a positive recommendation.

Benefits of late steroid withdrawal

Our review showed that lipid-lowering
therapy was less frequently needed when
tacrolimus and MMF were used in the only trial
with this combination addressing this outcome
(Table 2). However, the interaction analysis
showed that this was not significantly different
to the need observed using CsA (p = 0.06;
Table 2). Steroid withdrawal strategies were
associated with a lower relative risk (RR) in new
onset diabetes after transplantation (NODAT),
but the difference did not reach statistical
significance. Steroid withdrawal strategies
were not associated with significantly lower
RR of infections or malignancies.

Serum cholesterol was lower after SW
than in controls either using CsA or tacrolimus
(Table 2). Serum creatinine, mean blood pres-
sure, and serum triglycerides were similar in
SW and in controls. Creatinine clearance,
worsening proteinuria, number of antihyper-
tensive drugs, hemoglobin Alc, cardiovascu-
lar events, cataracts, Cushing syndrome, bone
density, and weight gain were not assessed in
more than one randomized controlled trial, so
we could not undertake a meta-analysis’.

The benefits of steroid-sparing strate-
gies were not easily determined in this review
because of frequent under-reporting of rele-
vant data in many studies. The kidney function
comparison was very limited due to missing
data in the majority of published studies. It
might be more informative to compare the
number of patients at risk of graft loss, with
low creatinine clearance, rather than assess-
ing mean data. However, these data were not
provided by the studies. It is evident from this
review that many adverse events classically re-
lated to steroid use were not significantly reduced
with a well-defined steroid-sparing strategy,

or at least, such benefits were not adequately
reported. The effects on blood pressure were
scarcely reported. The reduction in total chol-
esterol and antihyperlipidemic drug need
was important in SW patients in comparison
with steroid maintenance, and is of particular
relevance as this parameter is one of the most
important risk factors for cardiovascular
morbidity and mortality. Although the reduction
in serum cholesterol was observed after SW
both in CsA and tacrolimus studies, the re-
duction in antihyperlipidemic drug need was
more relevant with tacrolimus. It seems that
for kidney transplant recipients, CsA partially
outweighs SW regarding the benefits in lipid
profile seen after stopping of steroids. The
NODAT rate was lower in late SW than in
control patients, but the difference did not
reach statistical significance. This outcome
was addressed only in three randomized con-
trolled trials, and the trend to a lower incidence
in NODAT (RR: 0.58) could have reached sig-
nificance with a greater sample size. In addition,
it is likely that the diabetes inducement of CsA
and tacrolimus partially outweighed the benefits
of SW strategies in NODAT incidence. Bone
disease, cataracts, Cushing syndrome, weight
gain, and cardiovascular events were not ad-
equately assessed in SW trials. Finally, no
relevant impact could be observed in the
infection rate and cancer development, thus
suggesting that the increased rates of such
events in kidney transplant recipients are not
strongly related to steroid use.

Evidence from observational or
other randomized controlled trials

Limiting our assessment again to those
studies including MMF or another mycopheno-
late derivative in addition to CsA or tacrolimus,
we found 30 reports from 26 observational
studies or randomized controlled trials de-
signed to answer a question not directly related
to steroid withdrawal efficacy and safety'2%-%0
(Table 3). The beneficial effects of late SW in
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these studies are summarized in table 3.
Overall, mild reductions in serum cholesterol,
blood pressure, and glucose disturbances
are seen. By contrast, no relevant adverse
effects are noted in these observations.

Conclusions

Regarding the safety of steroid-sparing
strategies in kidney transplantation, we did
not find enough evidence demonstrating an
increased high risk of early graft failure after
SW in patients receiving CsA or tacrolimus
and MMF, despite that an increased acute
rejection rate could be observed in CsA-treated
patients. Our results may support that this
potent immunosuppression allows safe steroid
elimination after three to six months in the
absence of antibody induction treatment.
The strength of the evidence was less when
reviewing the potential benefits of late SW. A
reduction in NODAT incidence could not be
clearly observed, but decreased serum
cholesterol levels were particularly significant.
Steroid withdrawal after three to six months is
a strategy that could well be advised for low
to medium risk kidney transplant recipients.
More long-term randomized controlled trials
are clearly needed to clarify the benefits of
late SW in low-exposure minimized tacrolimus
in association with MMF/MPS. The main
strength of our recent review is that it has
identified all randomized controlled trials
assessing SW beyond the first weeks after
kidney transplantation. It also analyses dif-
ferent profiles in patients receiving CsA versus
tacrolimus, and excludes more outdated trials
including azathioprine. Our methodology was
robust, including all possible studies published,
even in abstract form, in any language, and
with assessment of data quality. Consequently,
this review provided information to guide
treatment decisions on SW in adult kidney
transplantation, particularly the absence of
harmful consequences, rather than the existence
of clear benefits.

Future directions

The available studies including the
immunosuppressive protocol most widely
used at present, tacrolimus plus MMF or MPS,
was only represented by two trials, one of them
a small single-center study. Consequently,
late SW under tacrolimus-MMF/MPS treatment
has not been adequately studied, and many
important outcomes have not been properly
assessed. No studies including mTOR inhibitors
are available, and consequently, we cannot
extrapolate the safety of SW to protocols
including mTOR inhibitors instead of MMF as
a third drug. Another limitation is that despite
some studies having extended their follow-up
periods to three years, the extension peri-
ods beyond the first year were frequently
retrospective in nature and not prospectively
designed.
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