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Abstract Experimental findings indicate that sirolimus
(SRL) inhibits longitudinal growth by mechanisms
potentially related to its inhibitory effects on both cell
proliferation and expression of vascular endothelial
growth factor (VEGF). The aim of this study was to

investigate the growth pattern of kidney-transplanted
children treated with SRL in a multicenter observational
clinical study. Height, change in height SD (Δ height)
and growth velocity of pediatric patients with renal
transplant were calculated at 0, 6, 12, and 24 months
after starting SRL. Controls of kidney-transplanted
children not treated with SRL were matched by age,
gender, renal function, and dose of corticosteroids. Sixty-
eight children (34 SRL, 34 controls) were enrolled in the
study. Nephrotoxicity was the most frequent indication to
start therapy with SRL. SRL exerted an adverse effect on
growth as demonstrated by significantly lower (p<0.05)
growth velocity (cm/year) and smaller change in height
SD in the SRL group after 6 (4.08 vs. 6.56 and –0.05 vs.
0.14), 12 (4.44 vs. 6.11 and –0.03 vs. 0.28) and 24 (4.53
vs. 6.03 and –0.04 vs. 0.53) months of treatment. This
study suggests that SRL therapy may interfere with
growth of kidney-transplanted children. This undesirable
effect needs to be taken into account when considering a
switch to SRL and confirmed in further prospective trials
including larger number of patients.
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Abbreviations
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GFR Glomerular filtration rate
mTOR Mammalian target of rapamycin
VEGF Vascular endothelial growth factor
Δ Height Change in height SD
CNIs Calcineurin inhibitors
rhGH Recombinant human growth hormone
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Introduction

Sirolimus (SRL) is a potent immunosuppressive agent
derived from macrolide antibiotics. SRL decreases cell
proliferation [1] by inhibition of the mammalian target of
rapamycin (mTOR), a key regulator of cell growth [2]. In
addition, SRL has been demonstrated to exert anti-
angiogenic properties by reduction in vascular endothelial
growth factor (VEGF) expression [3].

Clinical studies have shown that the anti-proliferative
and anti-angiogenic properties of SRL may be useful to
prevent the intimal changes associated with chronic
allograft nephropathy [4–8] and to reduce the incidence of
post-transplant neoplasia [9, 11]. However, experimental
findings indicate that administration of SRL to fast-growing
rats impairs longitudinal growth and induces marked
alterations in growth-plate structure by mechanisms likely
related to its inhibitory effects on cell proliferation and
VEGF local expression [12–14].

The above findings suggest that treatment with SRL in
kidney-transplanted children might interfere with the
longitudinal growth of these patients. This hypothesis has
not been assessed in pediatric clinic trials and only a single
case report analyzes growth and the response to growth
hormone therapy in a child treated with SRL [15].

Accordingly, the objective of this study was to find out if
SRL, given at doses usually used in clinical practice,
adversely influences the growth of kidney-transplanted
children.

Patients and methods

Study subjects

Multicenter observational clinical study. Data on growth
and renal function of 34 kidney-transplanted children
treated with SRL were retrospectively obtained from the
clinical records of the participating renal transplant units.
Transplanted children with either primary diseases (syn-
dromic diseases, cystinosis, etc.) that may severely interfere
with growth or unstable clinical condition during follow-up
(intercurrent diseases, poor metabolic control, poor or
dubious adherence to treatment) or multiorgan transplant
patients were not included in the study.

Control group

Thirty-four kidney-transplanted children not treated with
SRL served as controls. Each transplant unit recruited their

SRL Control p value

Gender (male/female) 23/11 21/13 0.612

Age at transplantation (years) 8.2±5.0 8.4±4.6 0.825

Age at SRL prescription (years) 10.3±4.9 9.9±4.2 0.712

Primary nephropathy

●Renal dysplasia 12 14

●Hereditary nephropathy 7 4

●Glomerular disease 3 4

●Obstructive uropathy 8 10

●Others 4 2

Steroid dose (mg/day)

0 months 8.0±6.9 8.6±13.9 0.821

6 months 4.3±2.2 3.4±3.3 0.249

12 months 3.6±2.3 2.8±1.9 0.118

24 months 3.2±2.4 2.9±2.0 0.598

GFR (ml/min/1.73 m2)

0 months 67.7±35.8 72.7±28.9 0.531

6 months 74.4±35.5 82.2±21.6 0.287

12 months 74.1±37.7 80.4±19.5 0.404

24 months 73.8±44.8 70.8±18.1 0.750

Height SDS

0 months –1.88±1.65 –1.89±1.27 0.966

6 months –1.93±1.58 –1.75±1.24 0.853

12 months –1.91±1.62 –1.61±1.15 0.394

24 months –1.72±1.91 –1.45±1.19 0.605

Table 1 Clinical characteristics
in a group of pediatric kidney
transplant recipients treated with
SRL and controls. Except for
gender and primary renal
disease, the results are expressed
as mean ± SD
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controls. Controls were matched by chronological age, age
at transplantation, gender, renal function, and corticosteroid
dose with the SRL-treated patients so that no differences in
these variables would exist between both groups of
children.

Written informed consent was obtained from the parents
of children enrolled in the study. Likewise, the study was
approved by the corresponding ethics committees of each
participating hospital.

Clinical studies

Anthropometric measurements, glomerular filtration rate
(GFR), and steroid dose were obtained immediately before
beginning treatment with SRL (time 0) and 6, 12, and
24 months after starting it.

Height Z scores (SDS) for each patient were calculated
as follows: (mean normal height – patient’s height) / height
SD. For age- and sex-matched reference values the National
Health and Nutrition Examination Survey (NHANES) data
were used. GFR was calculated by Schwartz’s formula [16]
on the basis of serum creatinine concentrations measured
by automatic analyzers in the clinical biochemistry labora-
tories of the participating hospitals. Bone age was deter-
mined by the Tanner Whitehouse method [17].

Height Z scores and growth velocity were compared
between both groups of transplanted patients. A subgroup
of prepubertal patients younger than 12 years of age with
good renal function (GFR>50 ml/min/1.73 m2), and low
prednisone dose (<5 mg/day) beyond 6 months on SRL
was specifically analyzed and compared with its matched
control group.

Statistical analysis

Results are expressed as mean ± SD. Comparisons between
groups were performed by ANOVA for variables with
normal distribution and non-parametric Mann–Whitney U
test was used for skewed data. p<0.05 was considered
statistically significant.

Results

Thirty-four children were included in each group. Prior to
SRL, patients were receiving immunosuppressant treatment
with prednisone, calcineurin inhibitors (CNIs), and myco-
phenolate. The most frequent indications to replace the
CNIs by SRL were nephrotoxicity (26%), chronic allograft
nephropathy (21%), malignancy (15%), acute rejection
(12%), tacrolimus-induced glucose intolerance, or diabetes
(6%).

Trough levels of SRL were 7.82±3.92, 7.45±3.71, 7.43±
3.38, and 6.31±1.98 ng/ml at 0, 6, 12, and 24 months of
follow-up, respectively.

According to the study’s design, there were no differences
in gender, chronological age, primary nephropathy, age at
transplantation, steroid dose, and GFR at the beginning of SRL
therapy between both the study and control groups (Table 1).
GFR and steroid dose remained similar between the two
groups during the follow-up period. Table 1 also shows that
GFR did not significantly change during the 24 months of
follow-up in either of the two groups of children whereas
prednisone dose decreased significantly (p<0.001) in both.

There were no differences in height SDS between SRL
and the control group at 0, 6, 12, and 24 months of follow-
up (Table 1). However, Δ heights were significantly lower
in the SRL group: –0.05±0.30 versus 0.14±0.28 SDS at
6 months (p=0.014), -0.03±0.44 versus 0.28±0.46 SDS at
12 months (p=0.006) and –0.04±0.54 versus 0.53±0.58 at
24 months (p=0.001) of follow-up (Fig. 1a). Likewise,
growth velocity expressed in cm/year was significantly
reduced in the SRL group in comparison with the control

Fig. 1 Evolution of Δ height SDS (a) and growth velocity (b) during
the 2-year study period in both groups of transplanted children.
Columns and vertical bars represent mean and SD, respectively. Both
anthropometric variables calculated with respect to the initial height at
the moment of starting SRL treatment. Comparisons between groups:
*p<0.05; **p<0.01
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group during the follow-up period: 4.08±2.94 versus 6.56±
2.91 at 6 months (p=0.001), 4.44±2.84 versus 6.11±2.63
(p=0.015) at 12 months and 4.53±2.44 versus 6.03±2.36 at
12 months (p=0.033) (Fig. 1b).

In addition, growth in two matched subgroups of
prepuberal patients with GFR >50 ml/min/1.73 m2, and
low prednisone dose (< 5 mg/day) selected from the SRL
and the control populations was analyzed separately
(Table 2). Both subgroups did not differ with respect to
age, gender, GFR, and steroid dose. Again, Δ height and
growth velocity were significantly worse in children treated
with SRL.

Discussion

This study analyzes for the first time the longitudinal
growth of a series of kidney-transplanted children treated
with SRL. In spite of the methodological limitations
resulting from the retrospective data collection and the
relatively small number of patients included in the analysis,

our study suggests that SRL has the potential to adversely
affect the growth of these patients, at least during the first
2 years of treatment with SRL. This finding is in agreement
with experimental studies showing that administration of
pharmacological doses of SRL decreased the longitudinal
growth rate in young rats due to mechanisms likely
dependent on the inhibitory effects of SRL on cell
proliferation and VEGF expression at long bone growth
plate [12–14]. This deleterious effect on longitudinal
growth was evident, in our study, by the lower growth
velocity and the reduced increment in height SDS found in
children treated with SRL in comparison to children not
receiving this drug. The controls were matched for chrono-
logical age, age at transplantation, sex, renal function, and
dose of corticosteroids, which is important as these factors are
known to influence growth outcome of transplanted children
[18, 19]. Moreover, the adverse influence of SRL on
longitudinal growth was also observed in the selected
subgroup of patients with younger age, optimal allograft
function, and low prednisone dose, with a presumable better
growth outcome. As shown in previous studies, the

SRL Control p value
n=11 n=11

Gender (male/female) 7/4 8/3 0.647

Primary nephropathy

●Renal dysplasia 3 4

●Hereditary nephropathy 2 0

●Glomerular disease 2 1

●Obstructive uropathy 2 4

●Others 2 2

Age at transplantation (years) 5.2±4.9 4.7±4.3 0.450

Age at SRL prescription (years) 6.2±5.0 5.7±4.4 0.533

Steroid dose (mg/day)

0 months 8.1±7.6 7.2±8.4 0.466

6 months 2.9±2.0 1.8±1.9 0.167

12 months 2.3±1.7 1.5±1.7 0.230

24 months 2.6±2.3 1.8±1.7 0.600

GFR (ml/min/1.73 m2)

0 months 72.7±50.7 93.0±27.8 0.053

6 months 90.2±45.5 87.5±13.3 0.250

12 months 93.9±53.3 97.2±24.6 0.260

24 months 102.5±63.6 84.2±28.8 0.655

Growth velocity (cm/year)

0+6 months 5.81±3.26 9.00±2.84 0.036

0+12 months 5.71±2.97 8.57±1.88 0.023

0+24 months 5.24±2.01 7.83±1.25 0.025

Change in height SDS

0+6 months 0.07±0.43 0.38±0.27 0.028

0+12 months 0.04±0.63 0.61±0.43 0.039

0+24 months –0.22±0.57 0.77±0.53 0.013

Table 2 Clinical characteristics
and growth data in two groups
of prepubertal renal transplanted
children, SRL and control,
having good renal function and
on low daily prednisone dose.
Except for gender and primary
renal disease, the results are
expressed as mean ± SD
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association of those three conditions facilitates the occur-
rence of catch-up growth in pediatric kidney transplant on
immunosuppressive treatment with CNIs and mycophenolate
[20–27]. In agreement with this assumption, our control
group of patients with a mean age at the study entry of
4.7 years, mean corticosteroid dose during follow-up of
approximately 2 mg/day and normal GFR exhibited a
positive change in the height Z score whereas this effect
was not found in the subgroup of SRL-treated patients with
similar age, prednisone dose and renal function (Table 2). In
21 of our patients on SRL, growth rate could be compared
during two sequential 12-month periods, before and after
starting the drug, at an age of 11.2±4.4 years. Growth
velocity dropped from 5.43±2.93 to 4.08±2.78 cm/year
(p<0.05) but the change in height SD was not significantly
different (–0.03±0.40 vs. –0.07±0.32). It should be pointed
out that although the prednisone dose was similar in both
periods (3.50±3.59 vs. 3.85±2.23 mg/day) the GFR
significantly increased after the introduction of SRL (43.61
±27.85 vs. 74.68±44.26 ml/min/1.73m2, p<0.05). Thus, the
patients were not well matched in both periods with regard
to their renal function. However, the fact that the improve-
ment in GFR was not associated with an acceleration of
longitudinal growth rate further supports the inhibitory effect
of SRL on growth.

It is of note that preliminary experimental data [28] and a
single case report [15] indicate that treatment with
recombinant human growth hormone (rhGH) may reverse,
at least partially, the negative effect on longitudinal growth
caused by SRL. However, as occurred in our study and in
other studies [9–11], the development of a malignant tumor
was one of the main causes for replacing CNIs by SRL in
transplanted children, which may represent a contraindica-
tion to prescribe rhGH therapy in those patients.

Although it was not the goal of our study, the results
presented here confirm the beneficial effect of SRL
treatment on the renal function in pediatric kidney
transplant recipients with chronic allograft dysfunction or
CNIs related toxicity [4–8]. Despite lack of significance in
our small population, the mean GFR tended to improve in
the SRL group during the 24 months of follow-up, whereas
it slightly declined in the control children not receiving
SRL. This improvement of renal function might even
counteract the potential inhibitory of SRL on growth, as
suggested in a recent and preliminary study in which the
mean height Z score improved similarly over a 24-month
period in pediatric renal transplant patients treated with
either SRL or CNIs [29].

In summary, this report analyzes for the first time the
longitudinal growth profile in a series of kidney-
transplanted children treated with SRL during a period of
2 years and highlights the potential adverse effect of this
drug on the optimal achievement of height in those patients.

Prospective clinical trials are necessary to confirm this
effect, which needs to be taken into account at the time of
prescribing SRL in pediatric transplanted patients.
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