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ABSTRACT

The advent of potent immunosuppressive drugs to
prevent rejection has led to a phenomenal improve-
ment in renal fransplant results increasing spectac-
ularly the number of transplant recipients to arrive in
the transplant clinic who remain for many years. This
has engendered a series of questions about the most
appropriate cyclosporine dosing for these patients
that prevents rejection while avoiding toxicity. Three
separate issues were analyzed: the most appropriate
combination strategy with cyclosporine as a base
“double” or “triple” therapy; the possibility of con-
version from regimens containing cyclosporine to
those devoid of it; and the optimal cyclosporine
dose for a maintenance regimen. A meta-analysis of
seven individual prospective and randomized trials
of double versus triple therapy encompassing 1,080
patients revealed no statistical difference between
the two regimens in terms of graft survival at 1 or 5
yt, patient survival, the rejection rate per patient, or
the infection rate. In an analysis of 17 separate stud-
ies in which conversion away from cyclosporine was
attempted, in 629 individuals with 702 individuails left
on cyclosporine as controls, a significant risk of acute
rejection (P < 0.001) was found in the withdrawn
group without evidence of improved graft survival.

1 Comespondence 10 Dr. J.H. Heldermon, $-3223 Medical Center North, Nash-
ville, TN 37232-2372.
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Certain factors such as previous rejection, race, and
degree of reactivity predicted even more rejection
in the withdrawn group. Analyzing six separate stud-
ies of renal transplant recipients maintained on cy-
closporine for up to 5 yr with renal functional stability,
one can conclude that a dose of approximately 4.0
mg/kg per day is optimal. Because of variant phar-
macokinetics or concomitant medicines, blood lev-
els can confirm a therapeutic concentration with this
target dose. In summary, a meta-analysis of multiple
studies reveals no benéefit of triple therapy over pred-
nisone/cyclosporine; no advantage to cyclosporine
withdrawal, with the penalty of one third of the cases
exhibiting rejection; and an optimal dose of cyclo-
sporine for chronic immunosuppression of 4.0 mg/kg

per day.
Key Words: Immunosuppression, Cyclosporine, Steroids, Aza-
thioprine

ith the advent of potent immunosuppressive

drugs such as cyclosporine A to prevent rejec-
tion and such as monoclonal antibodies to treat re-
jection, early renal transplant graft survival has ex-
perienced phenomenal improvement after placement
in the last decade. First-time recipients of cadaveric
allografts commonly achieve 1-yr graft survivals ap-
proaching 90% and 2-yr graft survivals over 85%
with low patient mortality. Such superb early graft
survival results have many consequences. First,
nearly twice the number of transplant recipients find
their way into the transplant clinic and into the
hands of referring nephrologists for chronic manage-
ment. Second, a range of metabolic, electrolyte, and
internal medical problems attendant to the trans-
plant event become important. Paradoxically, how-
ever, long-term graft survival data, even in the era of
potent immunosuppressive drugs, have not markedly
improved (1). Chronic management strategies, then,
have become paramount in terms of the numbers of
patients and in terms of attempts to forestall chronic
rejection and/or immunosuppressive drug toxicity.
Four important issues of chronic immunosuppres-
sive drug management are treated in this symposium.
The first issue, the necessity for corticosteroids (pred-
nisone) in cyclosporine-treated transplant recipients
and the capacity to withdraw these steroid agents in
such patients, is dealt with elsewhere in this sym-
posium by Hricik et al. This article will handle three
additional issues of chronic patient management: (1)
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the appropriate combination treatment strategy,
“double” versus “triple” therapy:; (2) the possibility of
conversion strategies from regimens containing cy-
closporine A to regimens devoid of cyclosporine A;
and (3) the optimal cyclosporine A dose for mainte-
nance regimen. In dealing with these three topics, it
is our intention to review the published series that
speak to these issues, specifically analyzing and ex-
plicating those that, in general, provide data from
controlled and randomized trials rather than histor-
ical nonconcurrent data sets.

DOUBLE VERSUS TRIPLE THERAPY

The terms “double” and “triple” therapy have been
used by practitioners in transplantation and clinical
investigators who write about transplantation to de-
scribe the immunosuppressive regimens used to
maintain renal allograft immunologic integrity in the
cyclosporine era. Each specific regimen is based on
cyclosporine A as an invariant element. “Double ther-
apy” refers to regimens containing cyclosporine A
and one additional immunosuppressive drug—in
most studies, almost always prednisone. More re-
cently, with the explosion of additional immunosup-
pressive agents, double-therapy regimens containing
cyclosporine and a second agent other than predni-
sone are beginning to be used and reported, but these
will not be the subject of this review. “Triple therapy”
includes those immunosuppressive packages begin-
ning with cyclosporine that add two additional
agents, most often prednisone and azathioprine. It is
in this sense that we will use the term “triple therapy”
in this review.

In the beginning of the basic and clinical studies
that supported the new, now universal, use of cyclo-
sporine A as the bedrock for maintenance immuno-
suppression, it was hoped that cyclosporine A could
forestall acute allograft rejection when used as sole
or monotherapy. Initial single-center trials in Eng-
land and later in the European cooperative trial failed
to conclusively demonstrate that monotherapy with
cyclosporine A was markedly better than so-called
conventional two-drug therapy with prednisone and
azathioprine (2). The early trials of Kahan and col-
leagues using cyclosporine A with daily prednisone
provided conclusive evidence for the marked graft
survival advantage offered by the addition of cyclo-
sporine A (3). Thus was born the “double therapy”
approach to the chronic immunosuppressive treat-
ment of renal transplant recipients.

It was the animal laboratory data supplied by Squif-
flet et al. that has been cited by all early authors as
the laboratory support for a new approach, “triple
therapy” (4). The idea advanced for the use of triple
therapy flowed from the chemotherapy experience
for neoplasms in which multiple drugs with variant
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mechanisms of action were to be used together to
maximize effect and minimize toxicity. Squifflet et
al. studied renal transplants in rats and dogs using
cyclosporine at a dose that alone was ineffective to
substantially prolong transplant life but to which
was added a low dose of azathioprine (a dose of which
was also unable alone to improve graft outcome). In
rat transplant models, substantial graft prolongation
was reported, whereas in five of the six studied dog
transplant recipients, this combination led to severe
azathioprine toxicity. Interestingly enough, there was
no test of three drugs in the study nor was there a
test of the notion that the combination of cyclospor-
ine and azathioprine reduced cyclosporine A toxicity.

Despite the deficiencies in the Squifflet study, Can-
afax and colleagues, citing the animal experiments,
reported a human trial of triple therapy (5). This trial
reported 6-month data of a cohort of renal transplant
reciplents who received maintenance immuno-
suppression with cyclosporine A at 8 mg/kg per day,
prednisone at 0.3 mg/kg per day, and 2.0 mg/kg per
day of azathioprine and compared the results in this
group with that of a historic control group that was
treated with two drugs, cyclosporine A and predni-
sone, at quite different doses. The historic controls
received 14 mg/kg per day of cyclosporine A and 0.4
mg/kg per day of prednisone. Not only were these not
concurrent controls who did not receive comparable
study drugs, but the subjects in the triple-therapy
group also had quite a different induction strategy:
to wit, all individuals in the triple-therapy group were
treated with perioperative Minnesota antilympho-
blast antibody, whereas none received such antibody
in the historically treated, double-therapy group.
Canafax et al. reported lower rejection rates (18 ver-
sus 23%) and a lower serum creatinine (1.4 versus
2.0 mg/dL) in the triple-therapy group compared with
the double. Canafax et al. concluded that triple ther-
apy was superior with respect to immunosuppression
with less toxicity and improved renal function.

The Canafax study is importantly flawed. As indi-
cated above, there were no concurrent controls and
the doses of immunosuppressive drugs were quite
different in the two study groups. Indeed, the dose of
cyclosporine A in the double-therapy group is now
known to be associated with higher rates of nephro-
toxicity, likely accounting for the higher serum cre-
atinine in the double-therapy group. Most important,
this study reported only 6-month data, which re-
flected no statistical differences between the two
groups. Nevertheless, the vogue of triple therapy in
clinical transplantation was launched.

Since 1983, a multiplicity of articles have been
written on the double- versus triple-therapy issue,
but only a few test the two immunosuppressive ap-
proaches by an analysis using prospective and ran-
domized study techniques. These prospective, ran-
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domized trials are detailed in Table 1 and represent
studies conducted throughout the transplant world
from 1987 to the present. No single study demon-
strates a statistical advantage of triple therapy over
double therapy with respect to patient or graft sur-
vival, with respect to the number of rejection episodes
per patient, or with respect to infections. These series
are compliled for a clearer explication of this point in
Table 2. More than 1,000 transplant recipients have
been randomized into such trials of double versus
triple therapy in the last 6 yr, with superb patient
survival in both forms of chronic patient manage-
ment at 1 yr and excellent graft survival with no
differences between the two forms of management
strategy (6-12).

Recently, Lindholm and colleagues have addressed
this same issue with a randomized, prospective trial
that provides actuarial 5-yr patient and graft survival
data (13). Randomizing 229 patients into double ther-
apy and 234 patients into triple therapy, Lindholm
et al. concluded that there was no support for the
use of triple therapy for immunosuppression in first
cadaveric renal transplant because 5-yr patient sur-
vival was 80% in the double-therapy group compared
with 82% in the triple-therapy group, and 5-yr graft
survival was 55 versus 60%, respectively (13). The
Lindholm study demonstrates that there is no statis-
tical advantage to the use of triple therapy, chroni-
cally supporting the results in the panaply of shorter
term studies compiled in Table 1.

Isoniemi and colleagues have approached the long-
term effects of various immunosuppressive regimens
in a different way, exploring morphologic conse-
quences as well as patient and graft survival results
with four different chronic immunosuppressive
strategies (14). The Helsinki group found no differ-
ences in patient or graft survival, similar to the stud-
ies shown in Table 1, but suggested that less chronic
allograft damage was recognized by biopsy in the
triple-therapy group. It remains to be seen whether

TABLE 2. Summary of prospective trials of double
versus triple therapy

Totals
Double Triple
N 498 572
Graft Survival 87 83
Patient Survival 96 92
Rejection Rate
Patient 0.8 0.6
Infection 30 38

the Helsinki findings will have clinical import as
patients continue to be monitored beyond 5 yr.

Regardless of morphologic changes, there is no
evidence of physiologic advantage of triple versus
double therapy, as revealed in a 3-year follow-up of
the cohort of randomized subjects originally reported
by Brinker and colleagues (12) and studied for an
additional 2 yr (K. Brinker, personal communication).
Measuring renal function as serum creatinine and
GFR by iothalamate clearance and controlling for
cyclosporine dose and blood level, Brinker finds no
advantage for either treatment strategy.

One can safely conclude that there is no advantage
for the first 5 yr after engraftment of a triple-therapy
regimen in terms of graft outcome, rejection rates, or
infection rates. For those centers whose routine pro-
tocol uses triple therapy as cyclosporine, prednisone,
and azathioprine, it is strongly suggested that aza-
thioprine be discontinued if any evidence of azathio-
prine toxicity is encountered because little immuno-
suppressive advantage accrues from the addition of
this drug. It remains to be tested whether triple-
therapy regimens containing a different mix of im-
munosuppressive drugs added to the backbone of
cyclosporine can offer the patient an important ad-
vantage in the face of the explosion of alternative

TABLE 1. Prospective trials of double versus triple therapy®

Hardie Salamon Lundgren Pontichelli Kootte Restito Brinker
1993 (6) ot al. et al et al. et al. et al. et al.
1987 (7) 1987 (8) 1983 (9) 1986 (10) 1989 (11) 1990 (12)
D T M T D T D T D T D T D T
N 142 141 28 27 124 136 43 43 40 40 50 75 99 110
Gratft Survival (%) 86 8 78 75 80 80 91 86 90 92 90 89 75 75
Patient Survival (%) 98 919 96 78 92 95 93 100 98 98 100 92 90 93
Rejections (%) 0.9 10 413 041 0.8 0.7 14 13 04 06 12 03 0.2 0.2
Intections (%) 30 30 0 27 25 25 58 56 29 29 14 65 25 30

°D, double: T, triple; M, monotherapy.

S4

Volume 4 - Supplement 1 + 1994



. ] Helderman et al

immunosuppressive drugs to prednisone and aza-
thioprine.

CYCLOSPORINE CONVERSION

“Cyclosporine conversion” is the conventional lan-
guage used to indicate the discontinuance of cyclo-
sporine A from the immunosuppressive package
after successful engraftment in patients whose ini-
tial regimen included that drug. This strategy was
initially designed in response to the fear that chronic
cyclosporine nephrotoxicity would itself lead to late
losses of renal allografts. This has been one of the
most studied issues of chronic immunosuppressive
management. This having been said, however, only
a few groups have performed randomized, prospec-
tive trials. An analysis of these data has been made
more difficult by the wide range of protocols used,
each one variant in terms of baseline immuno-
suppression and the time posttransplant at which
the “conversion” was attempted. In one of the first
reports of conversion, Rocher and colleagues with-
drew cyclosporine from a cohort of stable patients at
4 to 6 months posttransplantation with an abrupt
change in immunosuppressive medications to a pred-
nisone/azathioprine regimen (15). Temporally re-
lated to this abrupt conversion, the Brigham team
noted a 28% rejection rate with 84% graft survival
after treatment and only a 16% graft loss. Serum
creatinine was reduced by 20%, allowing for the con-
clusion by the investigators that such conversion led
to improved GFR and reduced acute cyclosporine
effects, inferred from the serum creatinine measure-

TABLE 3. Studies of cyclosporine conversion®

Author (Ref. No.) Converted  Controls
Hall ot al. (17) 141 138
Deimonico ef al. (18) 47 45
Sweny ef al. (19) a3 44
Spielberger ef al. (20) 28 40
Kootte ef al. (21) 32 34
Hiesse of al. (22) 30 34
Isoniemi (23) 32 32
Busing ef al. (24) 22 22
Sagalowsky et al. (25) 10 9
Land et al. (26) 9 9
Woodie ef al. (27) 46 110
Venning et al. (28) 70 68
Veiich et al. (29) 42 44
Oka et al. (30) 39 22
Maddux ef al. (31) 21 21
Kaiser of al. (32) 1 12
Gonwa ef al. (33) 16 18
Total 629 702

@ Adapted from Kasiske et ol. (16).
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ment alone. Rocher and colleagues concluded that
conversion was a potentially safe maneuver; despite
an increased risk of an acute rejection episode tem-
porally related to conversion, graft loss was uncom-
mon. Twenty-two additional studies can be found in
the literature looking at conversion regimens, with
the time of conversion ranging from 3 months to 1
yr postsurgery. In these studies, 349 individuals ex-
perienced a rejection episode of the more than 1,000
individuals who have been converted, for a rejection
rate of one third.

A recent meta-analysis of elective cyclosporine
withdrawal has just been completed by Kasiske and
colleagues in which 10 randomized and 7 nonran-
domized trials were combined and carefully analyzed
(16-33) (see Table 3). There was a highly significant
risk of acute rejection in the cyclosporine-withdrawn
group (P < 0.001). Most of those patients were able
to have their allografts rescued because there were
no differences in graft loss or mortality attributable
to the cyclosporine withdrawal. In addition, there was
no evidence for improved graft survival, at least in
the short run, in the withdrawn group. Kasiske and
colleagues concluded that there was an increased
incidence of acute rejection after elective cyclospor-
ine withdrawal and that this increased risk of rejec-
tion, although leading to the need for acute high-dose
immunosuppressive therapy, hospitalization, and in-
creased cost, did not have a short-term effect on graft
or patient survival. Those investigators queried
whether such conversion could improve more long-
term outcomes but had no data to speak to such
times. Indeed, with increasing evidence that acute
rejection episodes may be predictive of decreased
long-term results, one might actually conclude that
conversion approaches can be harmful.

A carefully controlled study at the University of
Texas Health and Science Center Southwestern Med-
ical School attempted to maximize potential success
by a study design in which putative design errors of
previous studies were carefully taken into account
(25). Thus, only patients with stable renal allograft
function at 1 or more years postsurgery were entered
into the trial. All patients entered into the trial had
to have had no difficulties with cyclosporine with
respect to toxicity or other side effects. These stable
patients on a double-therapy regimen were random-
ized by computer to receive cyclosporine at a dose
that was tapered by protocol to be approximately 4
mg/kg per day or to undergo a slow conversion. This
slow conversion was effected by the addition of aza-
thioprine to the regimen and then the withdrawal of
cyclosporine over a 6-week period. Outcome variables
included acute rejection, azathioprine toxicity, and
GFR as measured by the isotopic clearance of iodo-
thalamate (glofil). Stop points were designed into the
trial. For the cyclosporine taper group, a reduction in
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the GFR of 20% or more was considered a stop point,
with patients then converted away from cyclosporine
under the umbrella of a triple-therapy regimen. Such
patients were taken to be cyclosporine failures. The
stop points for the conversion arm of the protocol
included acute rejection rates and azathioprine tox-
icity. Such patients were returned to cyclosporine.
Despite an initial intention to randomize 50 patients,
the Southwestern study was terminated after the
first 19 entrants because six acute rejection episodes
were experienced in the 10 converted patients as
compared with no acute rejection episodes in the 9
patients left on relatively low-dose cyclosporine A.
Indeed, there was one graft loss in the 10 converted
individuals. GFR rose in both groups by 20%, inter-
estingly enough.

Another instructive single-center study examined
the fate of stable renal transplant recipients who
have been converted from cyclosporine A for finan-
cial reasons. Three groups fell out—a “no” dose
group, a low-dose group, and a “therapeutic” dose
group. Late rejections were encountered in the “no”
dose group, which led to graft losses in previously
stable patients, especially among African-American
recipients (34). This single-center experience taken
together with the meta-analysis of 17 prospective
and/or randomized trials reviewed by Kasiske leads
to the important conclusion that there is a substan-
tial risk of acute rejection after attempts at cyclo-
sporine withdrawal in patients who are stable. Such
episodes, which require increased immunosuppres-
sive reserve therapy, potential risk, hospitalization,
and increased cost, argue against attempts at cyclo-
sporine conversion in patients who are stable and
who have no problems with the side effects of that
immunosuppressive drug. Because the graft half-life
after the first year in cyclosporine A treated patients
is similar to the half-life of graft survival in the
precyclosporine era, one does not have evidence for
an over-arching problem of graft loss owing to
chronic cyclosporine nephrotoxicity. This observa-
tion undermines the necessity for conversion away
from cyclosporine A of stable patients on relatively
low doses of that drug (1). On the other hand, it is
possible to conclude from an analysis of these studies
that it is safe to convert two thirds of the patients,
but the long-term effect of this conversion remains
to be studied. Finally, one can also conclude that
conversion can be a useful strategy for those individ-
uals with important cyclosporine side effects because
it can be done relatively safely in most patients with-
out consequence, in the short term, to the graft or to
the patient.

CYCLOSPORINE A DOSE

The general use of cyclosporine A as part of the
immunosuppressive regimen for the maintenance of
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a renal transplant has raised an important clinical
and intellectual dilemma. Despite the clear advan-
tages with respect to 1-yr graft survival and reduced
infection rates, the acute dose-related and reversible
nephrotoxicity of cyclosporine A has engendered the
question as to whether prolonged use of this agent
will lead to detrimental renal effects. These effects
may be reflective either at the level of morphology or
in terms of long-term graft outcome or survivals. The
question that is posed, then, is whether there is an
optimal safe dose for prolonged administration that
prevents organ rejection while avoiding toxicity. In
this section of the review of chronic immunosuppres-
sive management, we would like to argue that such
a safe and effective dose of cyclosporine A may be
found for renal transplant patients that forestalls
rejection while generally avoiding chronic nephrotox-
icity.

The dilemma concerning prolonged cyclosporine A
use stems from the original observations of Brian
Myers and his group at Stanford (35). Myers and
colleagues reported on a group of cyclosporine/pred-
nisone-treated cardiac transplant recipients com-
pared with a cohort treated historically with imuran
and prednisone. Regardless of whether the reciprocal
of serum creatinine or isotopic GFR were analyzed,
the cardiac recipients receiving cyclosporine demon-
strated progressively worse function when compared
with historical controls. Indeed, several patients lost
intrinsic renal function and required renal replace-
ment merely as a function of cyclosporine usage (35).
These appeared to be an initial substantial reduction
in GFR of as much as 50 mL/min that was sustained
over many months, regardless of cyclosporine dosage
or blood level, as shown in Table 4 in this group of
heart transplant recipients (36). In those patients,
confounding interpretive variables such as renal re-
Jection to explain the renal anatomic or morphologic
change thought to be related to cyclosporine A were
absent. In contrast to the heart transplant experi-
ences, the kidney transplant imposes potential tox-
icity of the drug or acute immunologic attack of the

TABLE 4. Renal function in cardiac transplant
recipients treated with cyclosporine A at Stanford
36)

Months
12-24 36 48
Cyclosporine Dosage 68+06 45+05 3.1+0.6
(mg/kg per day)
Cyclosporine Trough 175+23 118 +21 66+ 16
Levels (ng/mL)
56+4 54+7 556+5

GFR (mL/min per 1.73
m?)
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transplanted organ, confounding an etiologic under-
standing of morphologic and/or functional changes
in the transplanted organ. Myers et al. argued, and
the transplant community accepted the notion, that
cyclosporine nephrotoxicity as demonstrated in the
heart transplant environment was clearly a proven
entity in any cyclosporine-treated patient population.

More recently, a number of analyses of the cyclo-
sporine chronic nephrotoxicity issue have led to a
more balanced view of the role of cyclosporine in
chronic renal injury. Lewis and colleagues examined
renal function in cardiac transplant recipients for 3-
yr duration and found an initial reduction in GFR
that occurred in the first 6 months, followed by 2.5
yr of stable renal function (37). Lewis et al. argued
that the initial very high-dose cyclosporine use that
characterized the early Stanford experience set in
motion intrarenal scarring, which culminated in re-
duced renal function and even renal failure, as re-
ported by Myers et al. The use of lower cyclosporine
doses (8 to 12 mg/kg) is associated with an initial,
early, small but fixed loss of renal function without
further damage, Lewis et al. argued. Thus, one can-
not conclude, they would suggest, that the prolonged
use of effective cyclosporine is a continued renal
injurant. (This issue is handled in greater detail in
another article in this symposium.) Suffice it to say
that Lewis and the Houston group and many other
authors examining chronic or long-term usage of
cyclosporine in renal transplant patients in both ca-
daver and living related donor recipients support the
stability of renal function over time (37). Lindholm
and colleagues found stable renal function in the
largest group of renal transplant recipients on pro-
longed cyclosporine A studied to date, with a follow-
up of longer than 3 yr (13). Furthermore, Burke et al.
demonstrated superb graft and patient survival data
without reduction in renal function (38), analyzing
1,663 renal transplant recipients over 3 yr from sur-
gery. All authors emphasized that optimal dosing of
cyclosporine A is the key to avoidance of nephrotox-
icity (early with respect to preventing the basal spas-
tic renal effects of the drug and late in terms of
reducing the fibrotic changes with long-term usage).

TABLE 5. Optimal dosing provides stable renal function

The identification of optimal cyclosporine dosing is
a dialectic between enough to prevent rejection but
without too much in order to avoid toxicity. Dosing
regimens that underdose the drug or target subther-
apeutic blood concentrations may avoid toxicity but
expose the patient to late acute or chronic rejections.
For example, Wrenshall et al. demonstrated that a
low mean daily dose of the drug under the aegis of
so-called triple therapy (cyclosporine, azathioprine,
and prednisone) led to more than a fourfold increase
in the number of late rejection episodes—conse-
quences of which are increased graft loss (39). In-
deed, a similar point was emphasized by Roth and
colleagues when they examined their double versus
triple-therapy data (40). In triple-therapy patients,
when cyclosporine dosing was 2.6 mg/kg per day,
35% of the cohort experienced a late acute rejection,
whereas patients whose cyclosporine dose was on
the order of 5 mg/kg per day had many fewer rejec-
tions (40). A few late rejection episodes had a para-
doxically lower serum creatinine, reflective of the
absence of renal dysfunction on an immune basis.
In an analysis of a large group of patients, Ben-
Maimon and colleagues revealed that a daily dose of
approximately 4.0 mg/kg per day in more than 500
patients was associated with the absence of rejection
episodes and stable renal function, whereas doses
below 3.5 mg/dL per day in 542 subjects was asso-
clated with at least one rejection episode and a re-
duced renal function, as evaluated by the 1/creati-
nine paradigm (41). One can conclude from these and
the other analyses reviewed in Table 5, with follow-
up ranging from 1.5 to 5 yr, that an optimal mainte-
nance dose of cyclosporine is approximately 4 to 5
mg/kg per day.

One can further conclude that, by using targeted
daily doses with measurements of blood levels to
ensure absorption and avoid drug-drug interactions,
it is possible to effect excellent long-term graft sur-
vival with long-term results not worse than those of
historical controls with other agents that are not
deemed nephrotoxic. Equally important is the possi-
bility that such optimal dosing can avoid late rejec-
tions and avoid the chronic scarring phenomenon

Measured

Author (Ref. No.) Maintenance Dose "°“y‘r’)“‘ Conclusions
(mg/kg per day) (

Lewis of al. (37) 4.3 5 Stable renal function
Canatfax ef al. (42) =4.0 5 “Stable and excelient” renal function
Roth ef al. (40) 4.0 4 Better renal function than <4.0
Perez of al. (43) 4.0 3.5 Stable serum creatinine
Canatax ef al. (44) 4.3 1.5 No significant reduction in renal function
Ben-Maimon ef al. (41) 4.0 3 No rejections and stable function
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within the kidney taken to be cyclosporine nephro-
toxicity. Corollary to this conclusion are several im-
portant rules of the maintenance use of cyclosporine.
In order to avoid late rejections, programmed cyclo-
sporine dosage unrelated to target blood levels or
targeted optimal dosing levels risks late rejections.
The maintenance of subtherapeutic cyclosporine
doses or blood concentrations out of the fear of
chronic nephrotoxicity can culminate in the late re-
Jjections and hasten graft loss on an immunologic
basis. Finally, the use of multiple immunosuppres-
sive drugs to cover the underdosing of cyclosporine
A may avoid cyclosporine fibrosis while risking en-
hanced graft loss to rejection. Taken together with
the comments concerning the late withdrawal of cy-
closporine A, one can conclude that the prolonged or
chronic use of cyclosporine A is effective and safe,
undermining the suggestion in stable patients to at-
tempt cyclosporine conversion.

SUMMARY

This review dealing with strategies for the main-
tenance use of cyclosporine A has analyzed three
important issues: (1) the use of double versus triple
immunosuppressive drug therapy, (2) the utility of
and risk of conversion away from cyclosporine A,
and (3) the optimal cyclosporine A dosing. Until a
new class of immunosuppressive agents is intro-
duced into the clinic that supersedes cyclosporine A
or, importantly, synergizes with cyclosporine A, one
may safely conclude that cyclosporine A should be
the mainstay of the maintenance immunosuppres-
sion of the renal transplant recipient at an optimal
dose of between 4 and 5 mg/kg per day, which effec-
tively forestalls rejection while avoiding fibrotic
nephrotoxicity. Attempts to delete cyclosporine A
from the maintenance regimen should only occur in
the setting of drug intolerance.

REFERENCES

1. Terasaki PI, Cecka JM. Clinical Transplants
1992. Los Angeles: UCLA Press; 1992.

2. Merion RM, te DJ, Thiru S, Evans DB, Calne
RY: Five y ! e)h('perience in cadaveric renal
trans lsantatlon. Engl J Med 1984;310:
148-154.

3. Kahan BD, Van Buren CT, Lin S, et al.: Inmu-
nopharmacological monitoring of cyclosporine A
treated recipients of cadaveric kidney allografts.
Transplantation 1982;34:36-45.

4. et J-P, Sutherland DER, Field J, et al.:
Synergistic immunosuppressive effect of cyclo-
sporine A and azathioprine. Transplantation
Proc 1983;15:520-522.

5. Canafax DM, Sutherland DER, Ascher NL, et
al.: Cyclosporine nephrotoxicity in renal allo-
gla.l't recipients: Conversion to azathioprine to

rove renal function. Transplantation Proc
1 953: 1 51k§u8pl):2874—2877.
6. Hardie IR: Optimal combination of immunosup-

S8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

pressive agents for renal transplantation: First
report of a multicenter, randomized trial com-
paring cyclosporine + prednisolone with cyclo-
sporine + azathioprine and with trlgle therapy
in cadaver renal transplantation. splant
Proc 1993;25:583-584.
Salaman JR, Griffin PJA, Ross WB, et al.: A
controlled trial of tnple-theragz in renal trans-
Elantatlon. Transplant Proc 1987;19:1935.

undgren G, Albrechtsen D, Brynger H, et al.:
Improved early course after cadaveric renal
transplantation by reducing the cyclosporine
dose and adding azathioprine. Transplant Proc
1987;19:2074.
Ponticelli C, Tarantino A, Montagnino G, et al.:
A randomized trial comparing triple-drug and
double-drug theragg in renal transplantation.
Transplantation 1988;45:913-918.
Kootte AMM, Lensen LM, van Bockel JH, et al.:
A randomized study comparing hl%::nd low-dose
regimens of cyclos) e in renal splantation.
Transplant Proc 1 ;%OASu 1 3]:136-139.
R o AC, Petrie JJB, RJ, et al.: A
comparison of triple-therapy with double-ther-
apy (cyclosporine/azathioprine) in low risk, first
cadaveric renal all t recipients. Transplant
Proc 1989;21:1604.
Brinker KR, Dickerman RM, Gonwa TA, et al.:
A randomized trial comparing double-drug and
triple therapy in {)arlm cadaveric renal
transplants. Transplantation 1990;50:43-49.
Lindholm A, Ohlman S, Albrechtsen D, Tufve-
son G, Persson H, Persson NH: The impact of
acute rejection episodes on long-term t func-
tion and outcome in 1347 {)rlmary renal trans-
glants treated by 3 cyclosporine regimens.

splantation 1993;56:307-315.

Isoniemi HM, Ahonen J, Tikkanen MJ, et al.:
Long-term consequences of different immuno-
suppressive ens for renal allografts. Trans-

lantation 1993:55:494-499.

er LL, Milford EL, Kirkman RL, Carpenter

CB, Strom TB, Tilney NL: Conversion from cy-
closporine to azathioprine in renal all t re-
cipients. Transplantation 1984;38:669-674.
Kasiske BL, Heim-Duthoy K, Ma ZF: Elective
cyclosporine withdrawal after renal transplan-
tation. A meta-analysis. JAMA 1993;269:
395-400.
Hall BM, Tiller DJ, Hardie I, et al.: Comparison
of three immunosuppressive regimens in ca-
daver renal transplantation: Long-term cyclo-
sporine, short-term cyclosporine followed by
azathioprine and prednisolone, and azathioprine
and prednisolone without cyclosporine. N Engl J
Med 1988;318:1499-1507.
Delmonico FL, Conti D, Auchincloss H Jr, et
al.: Long-term, low-dose cyclosporine treatment
of renal allograft recipients. Transplantation
1990;49:899-904.
Sweny P, Lui SF, Scoble JE, Varghese Z, Fer-
nando ON, Moorhead JF: Conversion of stable
renal allografts at one J'ear from cyclosporine A
to azathioprine: a randomized controlled study.
Transplant Int 1990;3:19-22.
Spielberger M, Aigner F, Schmid T, Bosmuller
C. K er A, ter R: Long-term re-
sults of cadaveric renal transplantation after
conversion from cyclosporine to azathioprine: A
controlled randomized trial. Transplant Proc

Volume 4 « Supplement 1 « 1994



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

1988;20:169-170.
Kootte AMM, van WT, van Bockel JH,
Van Es LA, Paul LC: Long-term results of con-
trolled cyclosporine conversion at 3 months after
renal transplantation. Transplant Proc 1989;
21:1585-1586.
Hiesse C, Neyrat N, Favre A, et al.:
Randomized prospective trial of elective cyclo-
sporine withdrawal from triple therapy at 6
months after cadaveric renal transplantation.
Transplant Proc 1991;23:987-989.
Isoniemi H: Renal all t immunosuppression
III: triple therag versus three different combi-
nations of double treatment: Two year re-
sults in kidney transplant patients. Transplant
Int 1991;4:31-37.
Busing M, Holzer H, Schareck WD, et al.: Is
lox;%-term therapy without cyclosporine A (CsA}
indispensable or dangerous? One-year results o
a prospective randomized trial. Transplant Proc
1989;21:1601-1603.
owsky Al, Reisman ME, Dawidson I, Toto
R, Peters PC, Helderman JH: Late clyclosporlne
conversion carried risk of irreversible rejection.
Transplant Proc 1988;20:157-160.
Land W, Castro LA, Hillebrand G, Gunther K,
Gokel JM: Conversion rejection consequences by
changing the immunosuppressive therapy from
cyclosporine to azathioprine after kidney trans-
tation. Transplant 1983;15:2857-2861.
oodle ES, H TG, Stuart JK, Thistleth-
waite JR Jr, Stuart FP: Effect of dlscontlnutar}%
or restricting cyclosporine on late renal allog
rejection and function. Transplant Proc 1989;
21:1641-1642.
Venning MC, Lennard TWJ, Stevens ME, et al.:
Cyclosporine A treatment with successful selec-
tive conversion after six months in 70 renal
all t recipients. Transplant Proc 1989;21:
1633-1634.
Veitch PS, Taylor JD, Feehally J, Walls J, Bell
PRF: Elective conversion from cyclosporine to
azathioprine: Long-term follow-up. Transplant
Proc 1987;19:2017.
Oka T, Omori Y, Aikawa I, Yasummura T,
Yoshimura N, Yoshida T: Early conversion from
cgclosporlne to combination therapy with aza-
thioprine in loving related kidney transplanta-
tion. Transplant Proc 1989;21:1628-1630.
Maddux MS, Veremis SA, Bauma WD, Pollak
R, Mozes MF: Conversion from cyclosporine to
azathioprine after renal transplantation: Long-
term effects on renal function, rejection, and
?léggrlaga survival. Transplant Proc 1988;20:
Kaiser BA, Lawless ST, Palmer JM, Dunn SP,

Journal of the American Society of Nephrology

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Helderman et al

Polinsky MS, Baluarte HJ: Safe conversion
from c¥closporlne to azathioprine with improved
renal function in pediatric renal transplanta-
tion. Pediatr Nephrol 1989;3:401-405.

Gonwa TA, Nghiem DD, Schulak JA, Corry RJ:
Results of conversion from cyclosporine to aza-
thioprine in cadaveric renal transplantation.
Transplantation 1987;43:225-228.

Sanders CE, Curtis JJ, Julian BA, et al.: Ta-
pering or discontinuing cyclosporine for finan-
cial reasons: A single center experience. Am J
Kidney Dis 1993;21:9-15.

Myers BD, Ross J, Newton L, Luetscher J, Perl-
roth M: Cyclosporine-associated chronic neph-
ropathg Eang Med 1984;311:699-705.
Myers BD, Sibley R, Newton L, et al.: The long-
term course of cyclosporine-associated chronic
nephrog:lthz. Kidney Int 1988;33:590-600.
Lewis RM, Van Buren CT, Radovancevic B, et
al.: Impact of long-term cyclosporine immuno-
suppressive therapy on native kidneys versus
renal allografts: Serial renal function in heart
and kidney transplant recipients. J Heart Lung
Transplant 1991;10:63-70.

Burke JF Jr, Pirsch JD, Ramos EL, et al.: A
multicenter four-year retrospective study of
renal transplant recipients treated with cyclo-
sporine: Evidence for long-term efficacy and
safety. N En%J Med 1994, in press.

Wrenshall LE, Matas AJ, Canafax DM, et al.:
An increased incidence of late acute rejection
episodes in cadaver renal allograft recipients
given azathioprine, cyclosporine, and predni-
sone. Transplantation 1990;50:233-237.

Roth D, Fernandez J, Burke G, et al.: Long-
term double (dbl.) vs. triple (trpl.) immunosup-
pressive therapy for cadaveric renal recipients
(BCI%DS) [Abstract 87P). Transplantation 1991;2:

Ben-Maimon CS, Burke JF, Besarab A, Jarrell
BE, Francos GC, Moyer SS: Evidence against
chronic p%lve cyclosporine nephrotoxicity.
Transplant 1991:;23:1260-1262.
ax DM, Min DI, Matas AJ, et al.: Effects

of initial cyclosporine dose and timing on long-
term creatinine levels in cadaver renal trans-

lantation. Clin Transplant 1990;4:321-328.

erez RV, Matas AJ, Gi KJ, et al.:
Lessons learned and future hopes: Three thou-
sand renal transplants at the University of Min-
nesota. Clin Transplant 1990;4:217-231.
Canafax DM, Carleton BC, Matas AJ, et al.:
Effects of three lmmunosupm‘nwslve proto-
cols on cadaver renal transplantation costs after
4 years of therapy. Transplant Proc 1993;25:
1692-1693.

14





