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Low-dose steroid therapy in cyclosporine-treated
renal transplant recipients with
well-functioning grafts
Nicholas R. StC. Sinclair, MD, PhD, for the Canadian Multicentre Transplant Study Group*

Objective: Low-dose prednisone given on alternate days as a steroid adjunct to
cyclosporine therapy was investigated primarily for its influence on kidney graft and
patient survival and, secondarily, on renal function and complications.
Design: Multicentre randomized double-blind clinical trial.
Setting: Fourteen Canadian transplant centres.
Patients: A total of 523 patients with well-functioning renal transplants (cadaveric grafts
or grafts from living related donors) and without active graft rejection reactions who
were entered into the trial from 1982 to 1985.
Intervention: Patients were randomly assigned 90 days after transplantation to receive
either placebo (260 patients) or low-dose prednisone (263 patients).
Main outcome measures: Graft and patient survival.
Main results: After at least 5 years of follow-up 50 patients assigned placebo had lost
their graft and 17 had died; the corresponding figures for those assigned prednisone
were 38 and 16. After an average interval of 1.4 years 143 patients in the placebo group
and 123 patients in the prednisone group had stopped therapy with the test drug or had
had their treatment group decoded or both. Patients were withdrawn from the study 2
years after stopping the test therapy. The actuarial 5-year graft survival rates were 73%
and 85% in the placebo and prednisone groups respectively (p = 0.03), and the actuarial
5-year patient survival rates were 92% and 94% respectively (p = 0.6). This analysis
included 43 and 29 graft losses and 14 and 12 deaths in the placebo and prednisone
groups respectively. Weibull parametric modelling of graft survival identified the
following variables as risk factors for graft loss: histocompatibility leukocyte antigen B
(HLA-B) mismatching (p = 0.007), donor death from cerebrovascular accident (p =
0.01), increased donor age (p = 0.02) and being a male recipient (p = 0.05). When these
factors were included in the Cox proportional hazards model, the influence of assigned
treatment on graft survival was reduced to p = 0.1. Donor death from cerebrovascular
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accident (p = 0.002), diabetes mellitus in the recipient (p = 0.02) and increased recipient
age (p = 0.05) were risk factors for patient death. Renal function and incidence of
complications were similar in the treatment groups.
Conclusions: Continued administration of low-dose prednisone on alternate days is
advisable, particularly in patients with cadaveric grafts and those with previously failed
transplants.

Objectif: La prednisone a faible dose administree a tous les 2 jours comme adjuvant
steroidien au traitement a la cyclosporine a fait l'objet d'une etude axee principalement
sur son incidence sur la greffe du rein et la survie des patients et, secondairement, sur la
fonction renale et les complications.
Conception: Etude clinique multicentrique, randomisee et a double insu.
Contexte: Quatorze centres de transplantation canadiens.
Patients: Un total de 523 patients dont les transplantations renales fonctionnent bien
(greffons de cadavres ou de donneurs apparentes et vivants) et sans reaction active de
rejet du greffon ont ete inscrits a l'etude de 1982 a 1985.
Intervention: Quatre-vingt-dix jours apres la transplantation, les patients ont ete choisis
au hasard pour recevoir un placebo (260 patients) ou de la prednisone a faible dose (263
patients).
Principales mesures des resultats: Survie du greffon et du patient.
Principaux resultats: Apres au moins 5 ans de suivi, 50 des patients ayant recu le
placebo avaient perdu leur greffon et 17 etaient decedes; les chiffres correspondants
pour ceux qui avaient recu de la prednisone etaient de 38 et 16. Apres un intervalle
moyen de 1,4 annee, 143 patients du groupe placebo et 123 patients du groupe
prednisone avaient interrompu le traitement avec le medicament a l'etude, avaient fait
decoder leur groupe de traitement ou les deux. Deux ans apres l'interruption du
traitement, on a retire les patients de l'etude. Les taux actuariels de survie des greffons
apres S ans etaient de 73 % dans le groupe placebo et de 85 % dans le groupe prednisone
(p = 0,03), et les taux actuariels de survie des patients apres 5 ans etaient de 92 % et de
94 % respectivement (p = 0,6). Cette analyse comportait 43 et 29 pertes de greffons et
14 et 12 deces dans les groupes placebo et prednisone respectivement. La modelisation
parametrique de Weibull de la survie des greffons a identifie les variables suivantes
comme facteurs de risque de perte de greffe: defaut des antigenes leucocytaires
d'histocompatibilite B (p = 0,007), deces du donneur par accident cerebrovas-
culaire (p = 0,01), age accru du donneur (p = 0,02) et receveur de sexe masculin
(p = 0,05). Lorsque ces facteurs etaient verses au modele des hasards proportionn-
els de Cox, l'incidence du traitement prescrit sur la survie des greffons etait reduite
a p = 0,1. La mort du donneur par accident cerebrovasculaire (p = 0,002), le diabete
sucre chez le receveur (p = 0,02) et l'age accru du receveur (p = 0,05) etaient des facteurs
de risque de deces chez le patient. La fonction renale et l'incidence des complications
etaient semblables dans les groupes de traitement.
Conclusion: L'administration continue de prednisone a faible dose a tous les 2 jours est
a conseiller, en particulier chez les patients qui recoivent des greffons de cadavre et ceux

qui ont subi des echecs anterieurs de transplantation.

Although much remains obscure, and will long remain
obscure, I can entertain no doubt, after the most deliberate
study and dispassionate judgement of which I am capable,
that the view which most naturalists until recently enter-
tained, and which I formerly entertained . .. is erroneous.

- Charles Darwin (1809-1882), Introduction,
On the Origin ofSpecies by Means of
Natural Selection, or the Preservation

ofFavoured Races in the Struggle for Life,
John Murray, London, 1859

Tn he clinical course following renal transplanta-
tion is divided into two phases: an early,
induction phase, when the incidence of graft

failure is relatively high, and a later, long-term phase
beginning 50 to 100 days after transplantation, when
the graft failure rate declines. During the induction
phase immune responses against graft antigens are
frequent, and higher doses of maintenance im-
munosuppressive agents are needed to prevent rejec-
tion episodes. In the long-term phase rejection reac-
tions subside, which allows the use of lower doses
and circulating levels of immunosuppressive agents.
An important therapeutic objective is to reduce
the long-term maintenance level of immunosup-
pressive agents to as low a level as possible, without
increasing the incidence of graft loss through
rejection reactions, the latter being treated with
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high, nonmaintenance doses of immunosuppres-
sive agents.

Cyclosporine is the principal drug used to pre-
vent rejection reactions and graft loss. Many centres
have commented on the benefit, or otherwise, of
therapy with low-dose steroids'-27 coupled with cy-
closporine (or, formerly, azathioprine). Although
cyclosporine28'29 controls rejection reactions,30-33 the
requirement for adjunct maintenance steroid therapy
in the postinduction phase has not been investigated
in an explicitly comparative, randomized, blinded
study. Many of the centres that reported worse
results in patients who received steroids merely
linked the clinical use of steroids to graft outcome;
such observations indicate that patients with poor
graft function who are in active rejection tend to be
given additional steroid immunosuppressive thera-
py. These studies did not address the question of the
benefit of steroids in a defined group of transplant
recipients with good graft function and no overt
rejection reactions.

To study the null hypothesis that there is no
difference in patient and graft survival when low-
dose maintenance steroid therapy is stopped in
patients with good graft function and a quiescent
transplant course, we carried out a multicentre
randomized double-blind clinical trial. Patients re-
ceiving maintenance cyclosporine and prednisone
therapy who had good graft function and no active
graft rejection reactions were assigned 90 days after
transplantation to receive either low-dose, alternate-
day steroid therapy or a placebo. The starting time
of 90 days was chosen because this is roughly the
time when graft and patient survival curves level off,
and low maintenance doses and circulating levels of
cyclosporine could be attained without the risk of
frequent rejection episodes. In this setting physicians
would have the option of starting known steroid
treatment to control rejection, to maintain better
graft function or to better interpret steroid side
effects and could later return to the test drug only, if
this seemed clinically appropriate. In this paper we
report on our experience in attempting to stop
long-term, adjunct immunosuppressive therapy with
low doses of prednisone in a group of patients who
were followed for 5 years after receiving transplants.

Methods

Organization

Fourteen transplant centres entered patients
into the trial: Vancouver General Hospital (34 pa-
tients), Foothills General Hospital, Calgary (32),
University of Alberta Hospitals, Edmonton (49),
University Hospital, Saskatoon (4), Health Sciences
Centre, Winnipeg (56), University Hospital, London,

Ont. (53), Laurentian Hospital, Sudbury, Ont. (17),
St. Michael's Hospital, Toronto (10), Ottawa Civic
Hospital (28), Ottawa General Hospital (24), Hopital
Maisonneuve-Rosemont, Montreal (41), Hopital
Notre-Dame, Montreal (56), Montreal General Hos-
pital (31) and Victoria General Hospital, Halifax
(88). The Canadian Centre for Transplant Studies,
University Hospital, London, Ont., was the organiz-
ing centre responsible for assigning patients to treat-
ment groups, distributing drugs and collecting data
through a Canada-wide computerized communica-
tions network.

Eligibility criteria

Patients were eligible for entry into the trial if
the patient (or the guardian) gave informed consent,
was available for regular follow-up, was not enrolled
in other studies that conflicted with the protocol of
the trial, had not previously been entered into the
trial, and did not have a history of generalized
malignant disease or had not had a localized malig-
nant tumour removed within the previous year, the
graft was functioning 90 days after transplantation,
there had been no acute rejection episode within the
previous 2 weeks and the serum creatinine level was
below 220 ,umol/L at the time of randomization.

Randomization and blinding

Randomized blocks of various sizes were gener-
ated and used to attain a balanced, restricted ran-
domization according to treatment centre. The order
of randomization did not have a repeating sequence.
Physicians did not know the randomization number
until the patient was enrolled, and the code was not
broken until the analysis. Patients were randomly
assigned at 90 days to receive either a placebo or
prednisone by means of a process that prevented
prior knowledge of their treatment group. Patients
were not stratified according to risk factors present
at either transplantation or randomization. The
study was doubly blinded. The placebo and predni-
sone were prepared by Upjohn Ltd. (Kalamazoo,
Mich.) in an indistinguishable form and dispensed as
coded therapy. Patients were entered into the trial
from 1982 to 1985. On the basis of an upper
proportion of success of 0.80, an a value of 0.05 and
a power of 80%, the planned treatment group size
was set at 250 each.

Drug monitoring and other immunosuppressive
drug therapy

Serum cyclosporine levels were monitored by
means of radioimmunoassay34 (kit provided by San-
doz Ltd., Basel, Switzerland) and high-performance
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liquid chromatography.35 A conversion factor, deter-
mined at times throughout the study, was used to
express the values of the latter assay in terms of the
former. Cyclosporine was administered twice daily
by mouth, and the dosage was adjusted so that the
12-hour trough serum drug levels remained between
75 and 200 ng/mL. The average cyclosporine levels
at 1, 2 and 3 years were l10, 107 and 102 ng/mL
respectively, with no difference between the two
treatment groups. Starting 1 day after transplanta-
tion patients were given 1 mg/kg body weight of
prednisone orally on alternate days, the dosage being
reduced by 5 mg on each occasion, clinical condi-
tions allowing, until a dosage of 0.3 mg/kg body
weight was reached. Rejection episodes were treated
with methylprednisolone sodium succinate (maxi-
mum 4.5 g) and by increasing the dosage of cyclo-
sporine to temporarily attain trough serum levels of
200 to 400 ng/mL, after which the levels returned to
the range of 100 to 300 ng/mL.

Experimental treatment plan

A total of 260 patients were randomly assigned
to receive the placebo and 263 to receive prednisone.
Of the 679 patients who received transplants during
the period of the trial but were not entered into the
study, 239 lost their grafts before 90 days, 222 did
not give informed consent, 144 had defined viola-
tions of the rules for entry, 58 were no longer being
treated with cyclosporine, and 16 were not entered
but no reason could be ascertained. Since all patients
were receiving cyclosporine and prednisone at the
time of randomization, known prednisone was re-
duced in dose gradually, by 5 mg with every third
dose, and replaced with the test drug. The dosage of
the test drug, either prednisone or placebo, was
initially set at 0.25 mg/kg every other day and then
decreased at 6 months to 0.2 mg/kg every other day.
The total amount of prednisone administered, in-
cluding prednisone in the test drug and additional
steroid, is reported.

Ethics

Approval was obtained from the ethics commit-
tee at each centre. An external review committee
oversaw the conduct of the trial. Patients were
informed about the trial at the time of transplanta-
tion and at 90 days and were asked for consent on
both occasions.

Exclusion after entry and loss to follow-up

No patients were excluded after entry (as dis-
tinct from withdrawals in the survival analysis) or
lost to follow-up.

Data entry and verification ofrecords

The data were collected by the Canadian Centre
for Transplant Studies. Computer-based and visual
checks of the data were done during the course of the
trial. The information on background variables was
checked for minimum and maximum values. Further
verification was carried out in which fluctuations,
discrepancies in dates and in categoric data, and
large coefficients of variation were identified and the
centres in question queried.

Withdrawals

To maximize the number of centres participat-
ing, we did not institute rules to limit cessation of
the test drug or the use of known steroids. Patients
who ceased to receive the test drug remained in the
study until 2 years had elapsed or until graft loss or
patient death occurred. This time was picked arbi-
trarily before the analysis and was based on the
concept that what was being assessed was the at-
tempt to stop steroid treatment; the effect of this
attempt on graft and patient outcome may take years
to evolve completely, and 2 years seemed a reason-
able interval.

End points

Grafts were considered to have been completely
rejected or to have failed if they had to be removed
(by nephrectomy) or if the patient received another
transplant or returned to dialysis for 6 weeks or
more. There was no ambiguity as to whether an end
point had occurred. All deaths of recipients were
considered as transplant-related.

Serum creatinine levels and calculated
creatinine clearance

The serum creatinine levels measured closest to
60-day intervals were grouped at these intervals until
1260 days after transplantation and the means
and confidence limits calculated from the available
determinations. Creatinine clearance in male pa-
tients was calculated from the serum creatinine lev-
el, age and body weight in kilograms, according to
the Cockcroft-Gault formula.36,37 Clearance in fe-
male patients was considered to be 85% of that
in a male patient with a comparable serum creatin-
ine level, weight and age. The degree of error or
bias associated with this formula is sufficiently
small that the formula provides a reasonable ap-
proximation of overall renal function.37 Measured
creatinine clearance values were much more vari-
able (unpublished observations), probably owing to
technical difficulties.
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Statistical analysis

The data for all 523 patients were evaluated
with regard to assigned test therapy and risk factors,
with follow-up to January 1990. Statistical analyses
were done with SYSTAT38 and the supplementary
module SURVIVAL.39 Graphic presentations were
produced with SYGRAPH.38 For statistical analysis
of survival we used the Mantel-Cox test statistic,
Weibull parametric modelling to identify risk factors
and the semiparametric Cox regression to estimate
the significance of the assigned treatment, the risk
factors being taken into account as confounding
variables.40'4' Graft and patient survival were
analysed on the basis of the original treatment group
to which the patient was assigned. Two-tailed tests of
significance were always used. Time series data were
assessed by comparing means and 95% confidence
limits,42 again according to treatment group.

Results

Characteristics ofthe study population

Table 1 shows the background characteristics of
the patients in the two treatment groups and accord-
ing to graft outcome. Among the background varia-
bles identified in the Weibull survival analysis as
risk factors for graft loss, the placebo group had a
lower mean score for histocompatibility leukocyte
antigen B (HLA-B) match (2.3 v. 2.5), proportionate-
ly more donor deaths due to cerebrovascular acci-
dent (25% v. 22%), a higher mean donor age (28.4 v.
27.2 years) and more males (65% v. 59%) than the
prednisone group. Of the additional risk factors
associated with patient death, diabetes mellitus in
the recipient (12% v. 11%) and mean recipient age
(38.8 v. 39.8 years) showed some variation between
the placebo and prednisone groups respectively.

Graft and patient survival

In the main analysis there were 43 graft losses
and 14 deaths in the placebo group, and 29 graft
losses and 12 deaths in the prednisone group. The
actuarial graft and patient survival curves for the
first 2500 days (6.8 years) after transplantation are
shown in Fig. 1. These survival curves include all
523 patients entered into the study on the principle
of intention to treat, but in cases in which the test
therapy was stopped we withdrew (censored) the
patient from the graft survival curve (if the graft
continued to function) or from the patient survival
curve (if the patient was still alive) 2 years after
cessation of therapy. There was no difference in
patient survival between the two groups; however,
graft survival was better in the prednisone group

than in the placebo group (Mantel-Cox p = 0.03).
Since this study deals with the requirement for
steroids once the initial, high-loss phase has been
traversed, the rapid loss of about 10% of the trans-
plants and death of about 3% of the patients during
the first 90 days after transplantation are not depict-
ed. Although the graft survival curves are similar for
the first 500 to 600 days after entry into the study,
the survival curve for the placebo group falls off
from this point onward. A total of 58 patients (33 in
the placebo group and 25 in the prednisone group)
were duly randomly assigned to receive one of the
test drugs, including being assigned a randomization
number, but were found at the time of analysis not
to have received the test drug and continued to
receive known prednisone. These patients were in-
cluded in their assigned treatment group on the
established "intention to treat" basis. When we
excluded the results for these patients, the overall
outcome was unchanged from the primary analysis
(39 graft losses and 11 deaths in the placebo group,
28 graft losses and 11 deaths in the prednisone
group) (Fig. 2). No estimate of significance was
calculated for these curves because of the inadvis-
ability of excluding patients at the analysis stage.

The rate of cessation of test therapy was signifi-
cantly lower in the prednisone group than in the
placebo group (p = 0.03) (Fig. 3). The mean intervals
between entry .into the study and withdrawal were
460 and 563 days in the placebo and prednisone
groups respectively. The mean time between cessa-
tion of test therapy and graft loss was 329 days in the
placebo group and 267 days in the prednisone group.
The mean time between cessation of test therapy and
death of the recipient was 341 days in the placebo
group and 152 days in the prednisone group. Unlike
the graft and patient survival rates, which varied
over 20 and 10 percentage points respectively among
the 14 participating centres, the rate of withdrawal
varied from 27% to 91% among the 14 centres. A
total of 60% of the graft losses in the placebo group
occurred after therapy with the test drug was
stopped, as compared with 30% of the graft losses in
the prednisone group. Also, 50% of the deaths in the
placebo group occurred after cessation of the test
therapy, as compared with 25% of the deaths in the
prednisone group. Therefore, twice the proportion of
graft losses and patient deaths in the placebo group
as compared with the prednisone group occurred
after return to therapy with known steroids.

The causes of graft loss and withdrawal from the
test drug are shown in Table 2. Although the
absolute number of graft failures due to death of the
recipient was the same in the two treatment groups,
there were almost twice as many graft losses due to
nephrectomy or return to dialysis in the placebo
group (31) as in the prednisone group (17). All 12
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patients in the prednisone group who died had
functioning grafts at the time of death, as compared
with 12 of the 14 patients in the placebo group who
died.

Many physicians consider that the outcomes of
first versus succeeding transplants and of cadaveric
transplants from unrelated donors versus transplants
from living related donors are so different that they
should be presented separately. With this breakdown
there was a noticeable difference in outcome (given
as total, number of patients/patient deaths/graft
losses/5-year actuarial graft survival rate) between
the two treatment groups among patients who re-
ceived cadaveric transplants from unrelated donors
and had previously received a transplant
(26/0/1/95% for the prednisone group v. 25/1/7/63%
for the placebo group) and a lesser difference

Fig. 1: Actuarial graft and patient survival curves for renal
transplant recipients randomly assigned 90 days after trans-
plantation to receive either placebo (dashed and dotted
lines) (260 patients) or low-dose prednisone (solid lines and
lines with slight breaks) (263 patients) who were followed
for at least 5 years.
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0 500 1000 1500 2000 251
Time since transplantation, d

Fig. 2: Actuarial graft and patient survival curves for the
placebo (dashed and dotted lines) and prednisone (solid
lines and lines with slight breaks) treatment groups, exclud-
ing the 58 patients who were randomly assigned to one of
the groups but not given the test drug.

among patients undergoing transplantation for
the first time who received cadaveric transplants
from unrelated donors (196/11/25/85% for the
prednisone group v. 193/12/32/78% for the placebo
group). Transplants from living related donors
fared well as either first or succeeding transplants,
and there was no noticeable effect of test treatment.
We did not estimate the statistical significance
of the outcomes in these subgroups, as this was
not a previously established question in the study.
No transplants from living unrelated donors
were included.

Riskfactors

To identify risk factors for graft loss and patient
death, variables with limited missing values were
analysed in a Weibull stepwise (upward) model
selection, with the significance-to-include level set at
p = 0.05 and the significance-to-exclude level at p =
0.1. This procedure identified HLA-B mismatching
(p = 0.007), donor death from cerebrovascular acci-
dent (p = 0.01), increased donor age (p = 0.02) and
being a male recipient (p = 0.05) as risk factors for
graft loss. These risk factors were confirmed in the
Cox proportional hazards estimation, and with the
inclusion of these risk factors the influence of
assigned treatment on graft survival was estimated to
be p = 0.1.

Other background variables that showed some
influence on graft survival included decreased re-
cipient age (p = 0.06), diabetes in the recipient
(p = 0.08), mismatching for HLA-A (p = 0.09), a
longer warm ischemic time (p = 0.1) and re-
ceiving a transplant from a male donor (p = 0.15).
Neither the source of the graft (cadaver or living
relative; HLA matching took precedence in the
multivariate analysis) nor prior transplantation
was identified as a risk factor for graft loss or patient

Fig. 3: Actuarial adherence to treatment with the test drug
in the prednisone (solid line) and placebo (dotted line)
treatment groups, plotted as survival curves. Graft losses are

treated as withdrawals at the time of graft loss.
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death. Because of unavailable data, other back-
ground variables could not be examined in these
survival analyses (when entered, they have the
effect of excluding cases); however, they are
shown in Table 1.

Donor death from cerebrovascular accident (p -
0.002), diabetes in the recipient (p = 0.02) and
increased recipient age (p = 0.05) were associated
with patient death; factors with some, but not
significant, influence included receiving a transplant
from a male donor (p = 0.2) and HLA-B mismatch-
ing (p = 0.2).

The mean serum creatinine level 60 days after
transplantation was lower in patients whose grafts
continued to function than in those who had lost
their graft (152 v. 161 ,umol/L) but did not differ
between the prednisone and the placebo group (152
v. 154,umol/L).

Renalfunction

For entry into the study the recipient's graft
function had to be good, with a serum creatinine
level below 220 Amol/L. The mean serum creatinine
level for the two groups at the time of entry was
about 150 ,umol/L. The renal function became worse,
as shown by the rise in the mean serum creatinine
level (Fig. 4) and the decrease in the mean calculated
creatinine clearance (Fig. 5). These changes with
time are due to the selection of patients with good
renal function initially, in whom only changes for
the worse can occur. Since the clinically important
consideration is the function of surviving grafts, only
the data for patients with surviving grafts at the end
of the study are included in Figs. 4 and 5.

Renal function was slightly but not significantly
(as judged from the overlapping confidence inter-

.; dr'.*

.6.
::fl

Fig. 4: Mean serum creatinine level in the prednisone
(heavy solid line) and placebo (heavy dotted line) treatment
groups, and 95% confidence limits (corresponding light
lines). Only the data for patients with surviving grafts are
included.

Fig. 5: Mean calculated creatinine clearance in the predni-
sone (heavy solid line) and placebo (heavy dotted line)
treatment groups, and 95% confidence limits (corresponding
light lines). Only the data for patients with surviving grafts
are included.
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vals) better in the prednisone group than in the
placebo group for the first 1260 days after entry into
the study. Since treatment with the test drug was
stopped in 50% of the patients, analysis of renal
function beyond 1260 days provides no further
useful information.

Steroid dose

The mean total prednisone dose (test drug plus
any additional prednisone) for the two treatment
groups is shown in Fig. 6. Both groups are subdivid-
ed at each time point into patients who remained in
their treatment group and those who came out of
their treatment group to be treated with known
prednisone. The mean prednisone dose 90 days after
transplantation (before therapy with the test drug
was started) was 22.1 (standard deviation [SD] 2.0)
mg every other day for the placebo group and 20.5
(SD 0.6) mg every other day for the prednisone
group, a nonsignificant difference. While the pa-
tients in the placebo group remained in their treat-
ment group they received a mean prednisone dose of
2 to 3 mg every other day, about 10% to 15% of the
steroid dose in the prednisone group and among
patients in the placebo group who came out of their
treatment group to be treated with known predni-
sone. Therefore, the placebo group was not predni-
sone "free," but the prednisone dose was "ultra-low"
compared with that in the prednisone group (howev-
er, some patients in the placebo group received only
placebo and were prednisone free).

Metabolic differences

Because about half the patients in the study
were returned permanently to therapy with known

Fig. 6: Mean steroid dose (actual steroid in test drug plus
any additional prednisone) for the prednisone (solid lines)
and placebo (dashed lines) treatment groups. Each group is
subdivided into patients who remained in their treatment
group (In) and those who came out of their treatment group

to be treated with known prednisone (Out).

steroids, we investigated some established effects of
steroid treatment to determine whether a difference
in steroid effects, as opposed to dose administered,
could be observed. The prednisone group had a
lower serum potassium level (4.4 v. 4.5 mmol/L), a

higher absolute neutrophil count (7 v. 6 X 109/L) and
more rapid return to normal of hemoglobin and
hematocrit levels (135 v. 125 g/L and 0.40 v. 0.38
respectively 500 days after transplantation) than the
placebo group. These differences were statistically
significant, as judged from the nonoverlapping confi-
dence intervals. There was no difference between the
two treatment groups in the mean levels of blood
glucose or of serum sodium, cholesterol or tri-
glycerides. Therefore, some differences between the
two treatment groups attributable to steroid effects
are evident in the first year or so after entry into the
study, before most of the patients stopped therapy
with the test drug.

Complications

Complications (collated by the Clinical Trials
Resources Group, Robarts Research Institute, Lon-
don, Ont.) did not differ between the two treatment
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Table 3: Complications reported in the treatment
groups up to 2 years after withdrawal

Group; no. of patients

Complication Placebo Prednisone

Avascular necrosis 3 3
Cancer 12 13
Cardiovascular problem 6 4
Gastrointestinal problem
Hemorrhage 3 3
Pancreatitis 0 1
Other 9 13

Genitourinary problem 3 2
Hyperparathyroidism 10 13
Hypertensive episodes

Mild 70 64
Moderate 88 109
Severe 44 48

Infection
Bacterial 72 72
Fungal 8 6
Viral

Cytomegalovirus
infection
Mild 10 12
Severe 0 1

Other 16 19
Neurologic problem
Psychosis 1 3
Other 33 27

Orthopedic problem
Mild trauma 1 7
Major trauma 2 4

Pulmonary problem 2 6
Steroid-induced diabetes 9 15
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groups (Table 3). Although there was no difference
in systolic or diastolic blood pressure between the
two groups during the course of the study, there was
some indication that more antihypertensive drugs
were given in the prednisone group. Patients were
categorized according to their worst hypertensive
episode, which was defined on the basis of the drugs
used to treat the hypertension. Therefore, a hyper-
tensive trend may have been more common in the
prednisone group but was adequately treated. Al-
though clinically discernible cataracts were few and
were not obviously related to the assigned therapy,
an ophthalmologic study investigating more subtle
lens changes is under way to study possible differ-
ences between the assigned treatment and actual
steroids given. Because of the high rate of reinstitu-
tion of therapy with known prednisone we cannot
compare complications between the prednisone-
treated and prednisone-free states.

Discussion

This study deals specifically with the attempt to
remove maintenance steroid therapy after the initial,
induction phase. Steroids were given to all patients
during the early course after transplantation for
induction of immunosuppression. Without changing
the null hypothesis we could rephrase the research
question as In patients with no rejection activity and
good graft function, is it advisable to attempt to stop
steroid therapy altogether?

Patients received prednisone until randomiza-
tion, and over half the patients returned to treatment
with known prednisone after randomization. Since
temporary recourse to steroid therapy was allowed, a
portion of the patients for whom the test therapy was
not stopped or the treatment group decoded received
additional known prednisone. Therefore, the placebo
group actually received an ultra-low average dose of
prednisone during the trial, in the range of 2 to 3 mg
every other day. Despite this treatment contamina-
tion of one study group by the other, a significant
between-group difference emerged in the simple
actuarial survival analyses (p = 0.03); this difference
was reduced (p = 0.1) in the Cox model, which takes
into account confounding variables identified as
having a significant effect on graft survival (risk
factors40-45). Since data on confounding variables
were not complete (many times with good reason)
and since inclusion of some of these variables in the
Cox model would have favoured the placebo group,
the best estimate of significance is in the range of
0.03 to 0.1.

A preliminary report of this study in which the
present form of analysis was not used indicated no
statistically significant difference between the two
treatment groups, although a trend to greater graft

loss in the placebo group was noted, particularly
among those who returned to treatment with known
prednisone."6 In the present study the treatment
contamination and the analysis used would have
reduced the chance of finding a significant difference
between the treatment groups. Yet withholding
steroids from patients can be seen in this study to
be associated with poorer graft survival. The ob-
served difference cannot be ascribed to the rigidity
of the treatment protocol, since clinicians were free
to optimize the treatment of their patients as they
saw fit. The chances of there being a type III error
(concluding that placebo treatment is worse when, in
reality, it is better"3) are remote. On the other hand,
the opposite conclusion - that it is advisable to stop
alternate-day, low-dose steroid therapy in patients
with well-functioning grafts - could be a type III
error with its associated y function43 and was not the
experience of this trial, in which the rate of adher-
ence 6 years after entry was only 40%.

Many of the graft losses in the placebo group
occurred in patients who had been returned to
therapy with known steroid. This suggests that the
lack of this immunosuppressive and anti-inflamma-
tory agent, even as a temporary measure (average
duration 1.3 years in the placebo group), sets in
motion pathological events in the graft that eventual-
ly result in an increased risk of graft loss. A study in
which steroid therapy was stopped shortly after
transplantation in cyclosporine-treated patients
showed that various forms of immune response and
inflammation (i.e., accumulation of T and B lym-
phoblasts and monocyte-macrophages, throm-
bocytosis, plasmacytosis and eosinophilia) were
more frequent in the renal grafts of cyclo-
sporine-treated patients not receiving steroids than
those so treated.47"'8

Glucocorticoids have a documented action in
increasing the level of lymphocytic programmed cell
death."9 Steroids may be needed for the censoring of
antigraft lymphocytes, a process with which cyclo-
sporine interferes in syngeneic graft-v.-host dis-
ease,50 5' T-cell anergy52'53 and programmed cell death
in Ts4 or B55 cells. Hence, it is not the complementa-
tion of immunosuppressive or anti-inflammatory
activity but, rather, the addition of a censoring
process that may make steroids useful in renal
transplantation.

That cyclosporine therapy in renal transplant
recipients necessitates additional, low-dose, alter-
nate-day steroid treatment should not be considered
a black mark against cyclosporine.56-59 Two anti-
rejection drugs can be varied independently of
each other to attain optimal results. Given the find-
ings of this study, in future trials on the compara-
tive efficacy of cyclosporine versus other immuno-
suppressive agents cyclosporine groups should re-
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ceive steroids for optimum maintenance therapy.
In a prospective study Schulak and colleagues60
found that the attempt to remove steroid therapy
resulted in more frequent rejection episodes; how-
ever, in the present study the number of rejection
episodes was similar in the two treatment groups
(data not presented) even though graft loss was
greater in the placebo group.

In conclusion, we attempted to stop steroid
treatment in patients with well-functioning renal
grafts and quiescent transplant courses. We found
that it was difficult to maintain patients on the test
drug (half the patients being withdrawn, with a mean
time to cessation of test therapy of 1.4 years) and
that graft survival was poorer in the placebo group
than among the patients assigned to receive low-
dose, alternate-day prednisone along with cyclo-
sporine (0.1 > p > 0.03). There appears to be an
advantage in maintaining cyclosporine-treated recip-
ients of renal cadaveric transplants on prednisone,
especially those with previously failed transplants
(5-year actuarial graft survival rate 63% v. 95% for
the placebo v. prednisone group). Since many of the
graft losses in the placebo group occurred many
months after a return to treatment with known
steroids, one cannot hope that reinstitution of
steroid therapy will reverse the negative effects of
the steroid-free (steroid-low) phase.
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