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Sirolimus improves the two-year outcome
of renal allografts in African-American
patients

Abstract The present study evaluated whether the addition of sirolimus to a cyclosporine (CyA)/prednisone (Pred) regimen mitigated the
greater proclivity to acute rejection
episodes and graft loss characteristic
of African-American renal transplant recipients. Using Kaplan-Meier and log-rank tests, AfricanAmerican renal transplant recipients treated with either CyNPred
( n = 90) or sirolimus/CyA/Pred
(n = 47) were compared with 120
Caucasian patients treated with sirolimus/CyA/Pred for 2-year rates
of patient and graft survival as well
as acute rejection episodes. Mean
laboratory values were compared
using analysis of variance and Ftests. Addition of sirolimus to the
CyNPred regimen reduced the incidence of acute rejection episodes
in African-Americans from 43.3 %
to 19.2 % ( P = 0.004), a value similar
to Caucasian patients. The 97.9 % 2year graft survival rate among 47
African-American patients treated
with sirolimuslCyA/Pred was signif-

icantly higher than the 85.6 % rate
shown among the 90 CyA/Predtreated African-American transplant recipients ( P = 0.0479) and
similar to that in Caucasians. The
95.7 % patient survival rate among
the African-American sirolimus/
CyA/Pred group was similar to the
97.8 % rate in the African-American
CyA/Pred cohort. Interestingly,
there was no evident toxicity from
the addition of sirolimus. The addition of sirolimus to a CyA-based
regimen reduced acute rejection episodes and graft loss experienced by
African-American renal transplant
recipients.

Keywords Renal transplant .
Immunosuppression * Sirolimus
Pharmacokinetics AfricanAmerican
Abbrevations A UC Area under
the concentration-time curve . C,,
Average concentration . Cmin,
Trough concentration. CyA cyclosporine - Pred Prednisone

to the predominance of Caucasian organ donors and to
the high degree of polymorphism of antigens among
African-American renal transplant recipients expe- and distinctive for African-Americans [2, 31, 391. Secrience substantially greater rates of acute rejection epi- ond, African-Americans display pharmacokinetic and
sodes and allograft failure than Caucasian recipients [3, pharmacodynamic risk factors. While the more limited
6, 8, 9, 20, 26, 36, 37, 38, 431 due to numerous factors. drug absorption [14,30] characteristic of this group has
First, African-Americans tend to receive cadaveric allo- been at least partly mitigated by the new microemulsion
grafts bearing a greater number of mismatched donor- formulation (as opposed to the oil-based version) of cyrecipient HLA and/or Lewis blood group antigens due closporine (CyA) [23], African-American patients dis-
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play more rapid drug clearance rates of CyA [29] and tacrolimus [34] that predispose these transplant recipients
to the occurrence of rejection episodes. Although African-Americans, compared with other ethnic groups, exhibit lower clearance rates and smaller volumes of distribution, resulting in higher levels of cortisol [41], they
display a pharmacodynamic resistance to methylprednisolone in assays of lymphocyte performance both in
the resting and activated states [44]. Furthermore, African-Americans rapidly methylate, and thereby inactivate, azathioprine [4]. Third, African-Americans display a greater incidence of pre-sensitization due to
transfusion with Caucasian blood products [25] and to
increased allo-reactivity in both nonspecific immune assays and in donor-specific responses of recipient cells in
mixed lymphocyte cultures [24]. Thus, effective immunosuppression in African-Americans requires higher
doses of antirejection agents, such as steroids, CyA [8,
lo], mycophenolate mofetil [33], tacrolimus [34], and
OKT3 [27]. A fourth contributing factor to graft loss is
the exaggerated vascular reactivity of African-American patients, which leads to a higher incidence and severity of hypertension. Finally, African-Americans
show a greater rate of noncompliance to medication
regimens [7] disproportionate to that of members of
other ethnic groups who also are of lower socioeconomic status [2]. While little can be done to mitigate immunological, genealogical/medical, or social/economic risk
factors, new more potent immunosuppressive regimens
may improve outcomes for African-American renal
transplant recipients.
Sirolimus is a potent new immunosuppressive agent
that acts in a fashion complementary to, and probably
synergistic with, CyA [12, 161. Among the 167 primary
renal transplant patients of these two ethnic groups
treated de novo for more than 2 years with sirolimus/
CyA/prednisone (Pred) in Houston, 47 are of AfricanAmerican descent. The present study reports the results
in this sirolimus/CyA/Pred cohort compared with those
of 90 African-American transplant recipients treated
during this same interval with CyNPred and with 120
Caucasian patients receiving sirolimus/CyA/Pred.

Patients and methods
Patient groups and baseline immunosuppressive regimens
This study includes 137 African-American renal allograft recipients who were assigned to two overlapping cohorts based on those
that refused (CyNPred; n = 90) and those that agreed (CyA/Pred/
sirolimus; n = 47) to enter the clinical trials. The results among African-Americans were compared to the outcomes among a cohort
of 120 Caucasian patients who were entered into the same sirolimus clinical trials. All patients received a concentration-controlled
regimen whereby CyA doses were selected to obtain target drug
concentrations. The concentration-control strategy [18] to individualize dosing of CyA compensated for the otherwise apparent

pharmacokinetic differences between the two CyA formulations
[17]. The initial CyA dose was selected based upon calculation of
the drug clearance rate and relative oral (p. 0.)bioavailability using
paired pretransplant pharmacokinetic profiles after administration
of one intravenous and at least five subsequent p. 0. doses of CyA.
The clearance and bioavailability parameter estimates were used
to estimate the appropriate starting CyA dose that would achieve
a 550 + 50 ng/ml target average concentration (C,,); namely, the
quotient of the area under the concentration-time curve (AUC)
and the dosing interval (in hours) [5, 151. CyA doses thereafter
were adjusted based on C,, values calculated from serial pharmacokinetic profiles using an algorithm previously described in detail
[18]. Because the regimen was concentration-controlled, there was
no difference in the drug exposure among the 33 patients who received the microemulsion formulation (Neoral Novartis, Basel,
Switzerland) or the 57 patients who received the gel-capsule formulation (Sandimmune Novartis) or the 47 patients who received
the microemulsion formulation of CyA in conjunction with sirolimus. The two cohorts of CyNPred-treated patients (Sandimmune
and Neoral) were combined into one group for the present analyses since there was no difference in the incidences of acute rejection episodes or graft loss between the cohorts that received either
the Sandimmune or the Neoral CyA formulation in conjunction
with Pred.
The steroid regimen included an intraoperative bolus injection
of 500 mg methylprednisolone, followed by an oral recycling from
200 to 30 mg/day of Pred by day 6, 1.5mg/day by day 90, 10 mg/
day by day 180, and 7.5 mg/day by day 365 [l]. None of the patients
received either induction therapy with antilymphocyte antibodies
or maintenance therapy with a nucleoside synthesis inhibitor.
Sirolimus was provided by Wyeth-Ayerst (Radnor, Pa.) either
as a solution (5 mg/ml) or a tablet (1 mg) formulation, both of
which showed pharmacologic and therapeutic equivalence [22].
After a loading dose three-times greater, the sirolimus doses were
stipulated by the various research protocols to be between 0.5 mg/
m2 and 7.0 mg/m*; the doses were adjusted only in response to clinical or laboratory evidences of toxicity [19]. The Committee for the
Protection of Human Subjects at the University of Texas-Houston
Health Science Center approved the study protocols, each of
which complied with the Helsinki Declaration of 197.5. Every patient signed an informed consent document.
Drug measurements
CyA whole-blood concentrations were measured using the fluorescence polarization immunoassay with a selective monoclonal antibody (TDx, Abbott, N. Chicago, Ill.) [28]. The c,, targets, derived
from previous studies [lS], were 550 * 50 ng/ml during the first
month, SO0 k SO ng/ml during the second and third months,
450 * 50 nglml during months 4 through 6,400 + 50 ng/ml from 7
to 12 months, and 350 + SO ng/ml thereafter. CyA dosing regimens
were modified when an increased serum creatinine value (or other
toxicity) was attributed to an adverse reaction to CyA. Sirolimus
trough concentration (Cmin,,) measurements performed with a
validated high-performance liquid chromatography method using
ultraviolet detection (LC-UV) selectively estimated the content
of parent compound [32]. Since previous data demonstrated an excellent correlation ( r = 0.946) between Cmin, and AUC values of
sirolimus [4S], Cmin,, measurements were utilized as indicators of
sirolimus exposure.
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Table 1 Demographic features of African-American patients in the cohorts treated with sirolimusiCyAiPred and CyA/Pred alone (CyA
cyclosporine, PRA panel-reactive antibody, Pred prednisone)
Feature

Cohorts
African Americana
CyNPred
n = 90

Age (mean k SD; years)b
Body weight (mean SD; kg)b
Body mass index (mean + SD; kg/m2)b

*

*

Pretransplant PRA (mean SD; %)b
Number of HLA mismatches (mean k SD)b
Gender
Male (n,'Yo)
Female (n,%)
Donor Sourcee
Cadaveric donor (n, YO)
Living donor (n,YO)
Primary transplant (n,%)"
Hypertension (n, %)"
Diabetes (n, Yo>"

Caucasiana
Sirolimus/CyA/Pred
n = 47

*

*

41.7 12.0
76.6 k 15.4
25.7 4.6

40.3 12.9
82.7 k 20.6
27.0 k 4.7
2.4 k 4.2
4.7 lSd

*

1.8 j , 5.1
4.1 1.7

*

*

Sirolimus/CyNPred
n = 120

45.1 k 13.7'
77.2 k 19.7
26.5 6.0
3.6 8.0
4.0 1.6d

*
*
*

58 (64.4)
32 (35.6)

28 (59.6)
19 (40.4)

72 (60)
48 (40)

63 (70.0)
27 (30.0)
77 (85.6)
32 (97.0)
30 (33.3)

35 (74.5)
12 (25.5)
40 (85.1)
45 (95.7)
12 (25.5)

68 (56.7)'
52 (43.3)
99 (82.5)
104 (86.7)
27 (22.5)

None of the differences were significant, except as noted
Analysis of variance, unpaired Student's t- and F-tests
The age difference between the African-American and Caucasian
recipients in the sirolimuslCyAfPred groups was significant,
P = 0.0401
The difference between the number of HLA mismatches was significant between all groups: P = 0.0437 for the African-American

cohorts and P = 0.016 for the African-American vs Caucasian recipients in the sirolimus/CyA/Pred groups
Fisher's exact and Pearson chi-square tests
The difference in cadaveric donor source between the AfricanAmerican vs Caucasian recipients in the sirolimus/CyA/Pred
groups was significant, P = 0.035

Pharmacokinetic measurements

Statistical methods

Pharmacokinetic parameters were calculated from drug profiles
using noncompartmental methods [ll]. CyA profiles included
blood samples obtained prior to, as well as at 2,4,6,8, and 12 h after, drug administration. Sirolimus profiles included whole-blood
samples collected before drug administration and at 0.5,1,2,4, 6,
10, 14, and 24 h after administration. The trapezoidal rule was
used to calculate the AUC. Some protocol-specificstudies stipulated slight modifications in the sampling schedule. For the purpose
of assessing the impact of ethnic differences on pharmacokinetic
parameters, estimates from the 6 African-American patients who
underwent concentration profiling were compared to those of 19
demographically matched Caucasian patients (data not shown).

Statistical analyses compared the results in the two treatment
groups (sirolimus/CyA/Pred vs CyNPred). Fisher's exact test was
used to assess differences between categorical demographic features among African-American patients treated with each regimen, including gender, donor source, and pretransplant diagnosis
of diabetes. Analysis of variance and unpaired Student's t-test was
used to compare mean age, body weight, body mass index, number
of HLA mismatches, and percentage of panel-reactive antibody.
Pharmacokinetic parameters (Cmin,,, AUC, Cav)after administration of CyA or sirolimus were compared using analysis of variance
between African-American and non-African-American renal
transplant recipients. Analysis of variance was used to compare
the mean values of laboratory parameters. The 2-year patient and
graft survival rates as well as the time to biopsy-proven rejection
were compared between ethnic groups using Kaplan-Meier and
log-rank tests. The severity of acute rejection episodes was compared by chi-square analysis between African-Americans treated
with each regimen.

a

Diagnosis and treatment for rejection
The presence of an acute rejection episode was uniformly confirmed by renal graft biopsy, and the severity was scored according
to the Banff 1993 criteria [40]. Mild (Banff grade I) biopsy-proven
rejection episodes were treated with steroid pulse therapy alone.
Those episodes that were moderate or severe in degree (grades I1
and 111) or that had been refractory to steroid treatment were
treated with either OKT3 or ATGAM [l].

'

Results

Baseline characteristics
The demographic features of the 47 African-American
patients who received sirolimuslCyAIPred were similar
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Fig. 1 Cyclosporine (CyA) pharmacokinetics in African-Amerior with (m) sirolimus: a CyA avcan patients treated without
erage concentration (C,,) exposure (ng/ml), b normalized exposure (CJdose), and c Q A oral clearance rates (llh). None of the
differences were significant except months 2-3 in panel a (*),
P < 0.01

(m)

Table 2 Comparison of dose-corrected sirolimus pharmacokinetic
parameters between African-American and non-African-American patients ( AUC area under the concentration-time curve, C,,,
maximum concentration, Cmin, trough concentration, PK pharmacokinetic)
Dose-corrected

Mean i SD

PK
parameter
(Months
4-6)

African-American

Caucasian

P

Cmin,, (ng/ml)
C,,,/mg (ng/ml)
AUC (ng x hr/ml)
Clearance (l/h)

5.02 f 3.17
13.15 f 5.89
152.75 & 70.10
0.01 f 0 .oo

3 . 3 6 1.92
~
9.12 & 4.47
120.34 & 64.72
0.01 f 0.01

NS
NS
NS
NS

the sirolimus/CyA/Pred cohort. There was no significant
difference in the mean oral clearance rates between the
patients in the two groups (Fig. 1c).
Comparison of the steady-state pharmacokinetic parameters of sirolimus, namely, the dose-corrected
Cmin,,, AUC, and maximum concentration, as well as
oral clearance at months 4-6 revealed no significant differences between African-American and Caucasian patients (Table 2). These findings suggest that, in contradistinction to CyA for which ethnic background is an
important determinant of pharmacokinetic behavior,
ethnicity does not seem to affect sirolimus concentrations.
Acute rejection episodes

At 2 years, the incidence of acute rejection episodes
among African-American renal transplant recipients
was reduced from 43.3 Yo (39/90) among the CyA/Predtreated group (Fig.2a) to 19.2% (9/47; P = 0.004) for
the sirolimus/CyA/Pred cohort, which was similar to
to the 90 African-American patients treated with CyA/ 20.8 % (25/120; P = 0.93) among the Caucasian recipiPred (Table 1) except that the former cohort showed a ents treated with this regimen. In contrast, this limited
larger mean number of HLA mismatches. The cohort cohort of patients did not show a significant difference
of Caucasian patients entered into the same sirolimus in the occurrence rates of the histopathologic diagnosis
trials showed similar demographic characteristics as the of chronic nephropathy (Fig. 2 b). Although the CyA
African-Americans, save for the greater number of liv- C,, was actually lower among patients who did not expeing donors and the higher mean age in the former group. rience rejection, there was a trend towards a lower sirolimus Cmin,, value measured within 2 weeks prior to
acute rejection episode among African-American patiPharmacokinetic parameters among treatment groups
ents (Table 3); however, the data are limited by the
small size of the cohorts.
The mean values of CyA exposure among the AfricanThe 2-year graft survival rate among African-AmeriAmerican renal transplant patients in the two groups cans (46/47; 97.9%) was similar to that displayed by
were similar except during months 2 and 3, when the ob- Caucasian patients treated with sirolimus/CyA/Pred
served (Fig. 1a), but not the dose-corrected (Fig. 1b), (110/120; 91.7 Yo) and significantly higher than 85.6%
value was significantly higher in the CyA/Pred than in (77/90) for African-American patients treated with
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Fie.2 Comparison of outcokes among African-American patients treated with cyclosporine (CyA)/prednisone
(Pred) (m-m) versus sirolimus/CyA/Pred (0-0) or
Caucasian patients treated with
sirolimus/CyA/Pred (v-v).
Cohorts compared using Kaplan-Meier and log-rank tests
for: a time to acute rejection,
African-American CyA/Pred
versus the other two cohorts,
P = 0.004: b time to chronic rejection, i = NS; c time to graft
loss, African-American CyA/
Pred versus the other two cohorts, P = 0.03; and d time to
death, P = NS
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Table 3 Lack of correlation
between CyA or sirolimus
Cmin,, and the occurrence of a
rejection episode in AfricanAmerican patients (Crnin,
trough concentration, CyA cyclosporine, Pred prednisone)

10

Cohort

CyA,Cmin,, (ns/ml)
CyA/Pred
Sirolimus/CyA/Pred
Sirolimus Cmin,, (ngiml)
Sirolimus/CyA/Pred

CyA/Pred (Fig.2c, P = 0.048). Despite the enhanced
immunosuppression, patient survival rates among African-Americans in the two treatment groups were not
significantly different at 2 years; namely, 95.7 YO for sirolimus/CyA/Pred compared to 97.8 YO for CyA/Pred
therapy (Fig.2d) and similar to the Caucasian cohort
(96.7 %). Thus, the benefit of sirolimus to reduce acute
rejection episodes among African-American transplant
recipients was not mitigated by a penalty of reduced patient survival rates.
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Mean value f SD

No rejection

Rejection

P

354.86 f 100.67
264.91 f 109.81

478.75 f 130.80
430.33 f 198.0

0.80
0.08

10.32 k 7.77

4.90 rt 4.10

0.61

serum cholesterol (mgldl), triglycerides (mg/dl), creatinine (mg/dl), hemoglobin (g/dl), white blood cells (n/
mm3 x lo”), or platelets (n/mm3 x
In contrast,
the African-Americans tended to show less evidence of
toxicity than Caucasian patients for hypertriglyceridemia at 1, 3 and 12 months and less leukopenia at 1, 3
and 6 months.

Discussion

African-American recipients experience a higher risk of
renal transplant loss owing to a variety of immunological, pharmacological, medical, and socioeconomic facTo evaluate the adverse event profiles, the mean values tors. Although CyA has revolutionized the overall pracof laboratory parameters were compared among Afri- tice of transplantation, its narrow therapeutic window
can-American patients treated with versus without si- between immunosuppressive and nephrotoxic drug
rolimus in combination with CyA and Pred. Fig. 3 shows concentrations is exacerbated among African-Amerino significant differences between the mean values of cans who, in addition, show both pharmacokinetic

Toxicity
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Fig.3 Comparison of laboratory values between AfricanAmerican patients receiving
cyclosporine (CyA)/prednisone
(Pred)
and those receiving
sirolimus/CyA/Pred (a)as
well as Caucasians receiving sia chorolirnus/CyA/Pred (0):
lesterol (mg/dl), b triglycerides
(mg/dl), c creatinine (mg/dl),
d hemoglobin (gfdl), e white
blood cells (WBC)(nl
and f platelets (nl
mm3 x
mm3 x 10”). Comparisons between African-American and
Caucasian patients treated with
sirolimus/CyA/Pred: * P < 0.05;
P = 0.02; + P = 0.004
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properties of low drug absorption and rapid clearance
rates, as well as greater pharmacodynamic resistance.
Thus, despite higher CyA doses, patients of this ethnic
background display lower survival rates of both livingand cadaveric-donor transplants. The data reported
herein suggest that this risk is overcome by the addition
of sirolimus to a concentration-controlled CyA-based
regimen.
African-American patients who received sirolimus in
addition to CyA/Pred experienced a significantly lower
incidence of biopsy-proven acute rejection episodes
within 2 years after kidney transplantation, namely,
19.2YO compared to 43.3 YO for CyA/Pred-only patients
( P = 0.004), and an increased rate of graft survival,
namely, 97.9 % compared to 85.6 % ( P = 0.048). These
findings are notable because African-American patients
have tended to experience lower graft survival rates
than Caucasian patients when treated with regimens
based upon calcineurin inhibitors. Improvements in immunosuppression such as this one are critical because
of the difficulty of finding good HLA matches between

the predominantly Caucasian donor group and African-American recipients [42]. Notwithstanding the enhanced acute rejection prophylaxis, the addition of sirolimus to a CyA-based regimen did not compromise
patient survival among African-American renal transplant recipients.
Furthermore, these benefits were achieved without
apparent toxicity as evidenced by less of an increase in
serum cholesterol, triglyceride, or creatinine values, or
of a decrease in hemoglobin, platelet, or white blood
cell counts. The failure to augment hyperlipidemia is
an important finding in this patient population owing
to their high incidence of concomitant hypertension
with left ventricular hypertrophy [21]. Thus, AfricanAmerican patients show the favorable constellation of
responses to sirolimus: enhanced immunosuppression
and resistance to drug-induced toxicity. In contrast, African-Americans treated with the higher doses of tacrolimus necessary to obtain a satisfactory clinical effect
display a markedly increased incidence of post-transplant diabetes mellitus [35].
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Unlike CyA, the pharmacokinetic parameters of sirolimus seem to be similar for both African-American
and Caucasian recipients. Thus, sirolimus absorption
and clearance rates do not seem to be affected by ethnicity. Interestingly, African-American patients did not
show a lower degree of sirolimus exposure on a dosecorrected basis compared with Caucasian patients.
The findings of this study indicate that sirolimus represents a significant addition to the immunosuppressive
armamentarium for African-Americans, a group of patients at high risk for acute rejection episodes and graft

loss. Although the present limited-sized single-center
study did not document a statistically significant improvement in the chronic rejection rate, this issue
should be further explored in multicenter trials since
several lines of investigation suggest that sirolimus may
display several characteristics that may mitigate this
most dreaded complication [13].
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