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Aim

 

To explore relationships between sirolimus dosing, concentration and clinical
outcomes.

 

Methods

 

Data were collected from 25 kidney transplant recipients (14 M/11 F), median
278 days after transplantation. Outcomes of interest were white blood cell (WBC)
count, platelet (PLT) count, and haematocrit (HCT). A naive pooled data analysis was
performed with outcomes dichotomized (Mann–Whitney 

 

U

 

-tests).

 

Results

 

Several patients experienced at least one episode when WBC (

 

n

 

 

 

=

 

 9), PLT (

 

n

 

 

 

=

 

 12),
or HCT (

 

n

 

 

 

=

 

 21) fell below the lower limits of the normal range. WBC and HCT were
significantly lower (

 

P

 

 

 

<

 

 0.05) when sirolimus dose was greater than 10 mg day

 

-

 

1

 

, and
sirolimus concentration greater than 12 

 

m

 

g l

 

-

 

1

 

. No relationship was shown for PLT and
dichotomized sirolimus dose or concentration.

 

Conclusions

 

Given this relationship between sirolimus concentration and effect, linked population
pharmacokinetic–pharmacodynamic modelling using data from more renal transplant
recipients should now be used to quantify the time course of these relationships to
optimize dosing and minimize risk of these adverse outcomes.

 

Introduction

 

Sirolimus has a different mechanism of action and
adverse  effect  profile  than  the  primary  drugs  used
for immunosuppression, calcineurin inhibitors
[cyclosporin-A (CsA) or tacrolimus]. Inhibition of
calcineurin-mediated transcription of cytokines is
associated with nephrotoxicity, neurotoxicity, and
diabetogenesis [1, 2]. Sirolimus inhibits interleukin-2-
mediated signal transduction. The principal adverse
effects of sirolimus include lipid disorders and myelo-
suppressive effects [2–6].

Thrombocytopenia, leucopenia and anaemia have
been reported in kidney transplant recipients who

received sirolimus, but there was little information about
how these relate to sirolimus exposure [2–5]. In a phase-
I ascending-dose study of sirolimus [6], efficacy and
safety were assessed in stable, long-term kidney trans-
plant recipients. Fourteen days after the addition of
sirolimus, platelet (PLT) counts and white blood cell
(WBC) counts were significantly lower compared with
patients assigned to a placebo group. PLT declined to a
greater extent in the higher dose groups (sirolimus 5–
6 mg m

 

-

 

2

 

 and 7–13 mg m

 

-

 

2

 

) compared with the low-
dose group (sirolimus 1–3 mg m

 

-

 

2

 

) [6].
To assess the relationship between sirolimus dose or

concentration and myelosuppression, a population phar-
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macokinetic–pharmacodynamic modelling approach
with implementation of a semimechanistic model that
accounts for the time delay between drug administration
and the observed effects on individual cellular compo-
nents [WBC, PLT, haematocrit (HCT)[ could be useful,
similar to the approach used previously to assess myelo-
suppression of chemotherapeutic drugs [7–9].

In this study, an analysis was undertaken to screen for
the possible existence of relationships between siroli-
mus dose and concentrations, and WBC counts, PLT
counts and HCT. A significant relationship shown dur-
ing this empirical screening would provide the impetus
for a larger study involving a more formal, model-based
analysis.

 

Methods

 

The study received ethical approval from the University
of Queensland Medical Research Ethics Committee
(2002000668) and the Ethics of Human Research Com-
mittee of The Queen Elizabeth Hospital (2003176).
Sirolimus concentration–time data and outcome data
were retrospectively collected from 25 kidney transplant
recipients who received sirolimus as part of their routine
clinical care at The Queen Elizabeth Hospital, Wood-
ville, South Australia. The majority of patients (

 

n

 

 

 

=

 

 21)
received sirolimus as rescue therapy, with sirolimus pre-
scribed after patients had an episode of haemolytic
uraemic syndrome (

 

n

 

 

 

=

 

 1), delayed graft function
(

 

n

 

 

 

=

 

 5) or drug toxicity [cyclosporin suspected neuro-
toxicity (mouth twitch) 

 

n

 

 

 

=

 

 1, cyclosporin suspected
nephrotoxicity 

 

n

 

 

 

=

 

 5, tacrolimus suspected nephrotoxic-
ity 

 

n

 

 

 

=

 

 2, unspecified cyclosporin suspected toxicity

 

n

 

 

 

=

 

 3] while receiving other immunosuppressive
drug(s). Four patients had no reason recorded for the
switch and four patients received sirolimus as primary
immunosuppression.

Patients were receiving combination immunosuppres-
sive therapy including sirolimus with: mycophenolate
mofetil (MMF) and corticosteroids (

 

n

 

 

 

=

 

 15); CsA and
corticosteroids (

 

n

 

 

 

=

 

 3); tacrolimus and corticosteroids
(

 

n

 

 

 

=

 

 4); corticosteroids alone (

 

n

 

 

 

=

 

 2); and MMF alone
(

 

n

 

 

 

=

 

 1). Sirolimus dose adjustment was based on EDTA-
anticoagulated whole-blood trough concentrations,
measured using HPLC-UV [10] as part of routine clin-
ical care at The Queen Elizabeth Hospital. The assay
had between-run precision [coefficient of variation (CV)
%] ranging from 3.8% to 1.9%, and bias 21% to 2% at
concentrations ranging from 2.5 to 50 

 

m

 

g l

 

-

 

1

 

, respec-
tively. The within-run equivalent data were: CV% of
9.9% and 1.1%, and bias of 6% and 0.4%, at these same
concentrations. The lower limit of quantitation (LLOQ)
was set at 2.5 

 

m

 

g l

 

-

 

1

 

. The target range for trough concen-

trations was 4–12 

 

m

 

g l

 

-

 

1

 

 when sirolimus was given con-
comitantly with CsA, and 12–20 

 

m

 

g l

 

-

 

1

 

 without CsA.
Laboratory results (WBC, PLT, HCT), measured on

the same day as drug concentrations, were gathered
from medical notes at the times that sirolimus concen-
trations were available.

Scatter plots of sirolimus dose, concentration, and
WBC count, PLT count and HCT were examined and
naive pooled data analysis was performed. Outcomes
were also dichotomized. A cut-off sirolimus dose of
10 mg day

 

-

 

1

 

 (based on the data shown in the upper pan-
els in Figure 2) and a cut-off sirolimus concentration of
12 

 

m

 

g l

 

-

 

1

 

 were chosen. The concentration cut-point
(12 

 

m

 

g l

 

-

 

1

 

) was chosen based on an upper therapeutic
range used in a previous study [11], in which sirolimus
was taken in combination with MMF, the most common
combination in this study. This concentration was also
the lower limit of the target concentration range for the
22 patients not receiving CsA and the upper limit for the
three patients receiving CsA, providing another reason
for choosing this cut-point.

Significance differences in outcomes between the
dichotomized groups were tested using Mann–Whitney

 

U

 

-tests as the data were not normally distributed [NCSS
2001 (NCSS Statistical Software., Kaysville UT, USA)
with PASS trial]. 

 

P

 

 

 

<

 

 0.05 was considered statistically
significant. The naive pooled screening analysis was
not corrected for repeated measures and multiple tests,
leading to a higher chance of identifying significant
relationships.

 

Results

 

Sirolimus was taken at an average dose (

 

±

 

 SD) of 6 mg
(

 

±

 

 3) per day (range from 2 to 20 mg day

 

-

 

1

 

). Patients
were 44 (

 

±

 

 13) years old, were 618 (

 

±

 

 847) days after
transplantation, had creatinine clearance 45.3 (

 

±

 

 21.6)
ml min

 

-

 

1

 

 (estimated using the Cockcroft–Gault equa-
tion) and liver function tests mainly within normal
ranges.

A number of times sirolimus concentrations were
available without laboratory outcome observations.
These were excluded. This accounted for 34, 36 and 34
cases out of the 315 observations for WBC, PLT and
HCT, respectively. Further data were excluded when
sirolimus concentrations were below the lower limit of
quantification (2.5 

 

m

 

g l

 

-

 

1

 

; 13 occasions). A total of 270,
268, and 270 concentration–time pairs from the 25
patients were thus available for the screening for a con-
centration and effect relationship with WBC, PLT and
HCT, respectively. Dose was available for each occasion.

The distribution of the available individual haemato-
logical laboratory results is shown in Figure 1. Mean
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(

 

±

 

 SD) WBC, PLT and HCT were 7.3 

 

¥

 

 10

 

9

 

 l

 

-

 

1

 

 (

 

±

 

 2.5),
233.3 

 

¥

 

 10

 

9

 

 l

 

-

 

1

 

 (

 

±

 

 77.3), and 0.3 (

 

±

 

 0.05), respectively.
During the data collection period, a number of patients
experienced at least one episode when WBC (

 

n

 

 

 

=

 

 9),
PLT (

 

n

 

 

 

=

 

 12), or HCT (

 

n

 

 

 

=

 

 21) fell below the lower
limits of the normal range.

Scatter plots of WBC, PLT, HCT 

 

vs.

 

 sirolimus dose
and concentration are shown in Figure 2. Weak trends
were observed between HCT, WBC, PLT and sirolimus
dose and concentration (

 

P-values ranged from <0.01 for
three of the correlations, to between 0.01 and 0.07 for
the other three). WBC counts and HCT were significantly
lower (P < 0.05) when sirolimus dose was greater than
10 mg day-1 and sirolimus concentration greater than
12 mg l-1 (Figure 3). Significant relationships were not
found between PLT and sirolimus dose or concentration.

Discussion
Sirolimus has been studied in combination with cal-
cineurin inhibitors (e.g. CsA or tacrolimus [12, 13]) and
also with other immunosuppressive drugs (e.g. azathio-
prine or MMF [2, 4, 5]). Sirolimus is associated with
the occurrence of leucopenia, thrombocytopenia and
anaemia [4].

The present pilot study indicates an association
between sirolimus exposure and haematological out-
comes. Higher doses of sirolimus were associated with
lower WBC counts. Neither sirolimus dose nor concen-
tration (dichotomized) was related significantly to PLT
counts. The majority of PLT counts were within the
normal range, which may relate to the large amount of
data (~ 85%) that arose after 4 weeks of transplantation,
after which time the prevalence of thrombocytopenia is

Figure 1
Individual haematological outcomes during data collection period. The horizontal lines show the normal ranges used at The Queen Elizabeth Hospital, 

Adelaide, Australia. Normal range: white blood cells (WBC), 4–11 ¥ 109 l-1; platelets (PLT), 150–400 ¥ 109 l-1; haematocrit (HCT), 0.35–0.45. Different 

symbols are used to indicate the immunosuppressive regimen given concomitantly with sirolimus: ,  mycophenolate mofetil (MMF)/corticosteroids; 

, cyclosporin-A/corticosteroids; , tacrolimus/corticosteroids; , corticosteroids; and , MMF
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Figure 2
Outcomes vs. sirolimus (a) dose and (b) concentration. Graphs are presented as scatter plots with linear regression trend lines
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Figure 3
Outcomes vs. dichotomized sirolimus (a) dose and (b) concentration. The middle horizontal lines represent the median value; the top and bottom of 

the boxes are the 25th and 75th percentiles
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reported to be low [4]. About 60% of patients have been
reported to experience leucopenia (WBC <5 ¥ 109 l-1)
in the first 4 weeks after transplantation, and about 13%
experienced this at 25–52 weeks [4]. The occurrence of
these outcomes was not associated with patient demo-
graphics (age, gender); pretreatment PLT and WBC
counts or pretransplant diabetes [4]. It was suggested
that a higher prevalence occurred when trough sirolimus
concentrations were ≥16 mg l-1 [4].

Although anaemia has been reported in sirolimus-
treated patients, there was limited information on any
relationship with dose or concentration prior to this
study [14].

In our study there was an inverse association of siroli-
mus dose or concentration and HCT. Based on the prior
expectation that the high binding of sirolimus to red
blood cells (95%-bound [15]) would result in a positive
correlation between HCT and sirolimus concentration,
the negative correlation actually observed in our study
suggests that the impact of sirolimus toxicity on HCT
may indeed be large. Sirolimus therapy has been found
to be significantly correlated with low haematocrit in a
recent study and also to have a greater impact on eryth-
ropoiesis than mycophenolate mofetil [16]. Prediction
of the occurrence of anaemia is complex with many
factors involved (e.g. other immunosuppressive drugs
and kidney function). Confounding may also have
occurred if clinicians adjusted the dose of sirolimus
based on the observed low HCT which, although not
routine, could result in censoring of extreme cases of
low HCT. This censoring would almost certainly have
occurred in relation to the other endpoints of low WBC
and PLT counts. This censoring would result in a blunt-
ing of the possible dose–outcome relationship.

Due to the limited number of patients, and the
unbalanced number of patients in each treatment group,
subanalysis of data for each of the different
immunosuppressive regimens was not possible.

Although a previous study has reported an association
with thrombocytopenia and leucopenia with sirolimus
trough concentrations greater than 16 mg l-1 [4], we
found a significant association at the lower cut-off con-
centration of 12 mg l-1, which suggests a stronger rela-
tionship than may have been previously expected, since
the lower the cut-off value the more difficult it is to show
a significant relationship. The previous study, however,
did not include patients receiving mycophenolate
mofetil and, as this immunosuppressant may also con-
tribute to the leucopenia, this may have led to the lower
cut-off concentration suggested by our data [4].

The majority of patients for whom data were analysed
were (i) patients who received sirolimus as a rescue

drug, and (ii) sirolimus was taken without CsA. To date,
there is no information available for the relationship of
sirolimus and outcomes in this group of patients. Hence
this result, although preliminary, provides useful clinical
information.

In conclusion, these preliminary results support a
potentially significant relationship between sirolimus
dose, concentration and adverse haematological effects
(particularly WBC and HCT). Future studies in more
patients are required to quantify the time course and
extent of these relationships formally and to provide
suitable predictive models to improve patient care.
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