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Abstract
Steroid avoidance is safe and effective in children receiving kidney transplants in terms of graft
function and survival, but the effects on allograft histology are unknown. In this multicenter trial,
130 pediatric renal transplant recipients were randomized to steroid-free (SF; n=60) or steroid-
based (SB; n=70) immunosuppression, and underwent renal allograft biopsies at time of graft
dysfunction and per protocol at implantation and 6, 12 and 24 months after transplantation.
Clinical follow-up was 3 years post-transplant. Subclinical acute rejection was present in 10.6%
SF vs. 11.3% SB biopsies at 6 months (p=0.91), 0% SF vs. 4.3% SB biopsies at 1 year (p=0.21)
and 0% vs. 4.8% at 2 years (p=0.20). Clinical acute rejection was present in 13.3% SF and 11.4%
SB patients by 1 year (p=0.74) and in 16.7% SF and 17.1% SB patients by 3 years (p=0.94) after
transplantation. The cumulative incidence of antibody-mediated rejection was 6.7% in SF and
2.9% in SB by 3 years after transplantation (P=0.30). There was a significant increase in chronic
histological damage over time (p<0.001), without difference between SF and SB patients. Smaller
recipient size and higher donor age were the main risk factors for chronic histological injury in
post transplant biopsies.
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INTRODUCTION
Kidney transplantation is the first-choice therapy for end-stage renal disease in children (1).
Interstitial fibrosis and tubular atrophy (IFTA) remain a principal cause of progressive
chronic histological damage and graft loss after 5 years post transplantation (2-4). Both
immune and non-immune phenomena instigate this multifactorial process (5). The evolution
of chronic renal allograft histology can therefore be regarded as a valuable surrogate marker
for long-term graft outcome (6).

Chronic steroid usage is a mainstay of current immunosuppressive regimens for kidney
transplantation, but is associated with important side effects, including diabetes mellitus,
hyperlipidemia, hypertension, osteoporosis, cataract and disfigurement. This is especially
important in pediatric and adolescent renal allograft recipients, who suffer from steroid-
associated growth impairment (7;8). Immunosuppression protocols that completely avoid
the use of steroids have been adopted in several studies in adult renal allograft recipients.
These protocols appeared to be safe in terms of short-term renal allograft function and
survival, with variable results for acute rejection incidence. The appearance of acute
rejection is dependent on the length of induction therapy (9-11). In pediatric kidney
transplantation, steroid-free immunosuppression was shown efficacious and safe in a single-
center non-randomized trial (12;13).

A recent 3-year prospective, randomized, multicenter trial showed that complete steroid
avoidance with prolonged IL-2 receptor blockade was safe and effective in children
receiving kidney transplants in terms of graft function and survival (14). Another study
showed that early steroid withdrawal (by day 4 after transplantation) in pediatric kidney
transplantation was associated with favorable linear growth without increased risk for acute
T-cell mediated rejection, at least in the first 6 months after transplantation (15).

There is conflicting data whether steroid avoidance influences the evolution of chronic
histological transplant injury (16-18). In the current multicenter, prospective, randomized
trial in pediatric renal allograft recipients, mentioned above, the performance of serial
protocol biopsies allowed for the serial evaluation of histology and for assessment of the
clinical and subclinical determinants of the 2-year evolution of acute and chronic
histological damage between a steroid-free (SF) and a steroid-based (SB)
immunosuppressive protocol. The clinical safety and efficacy end points of this study are
reported separately (Sarwal et al, submitted).

METHODS
Study design and patients

We carried out a randomized, prospective, open-label, multicenter study in pediatric and
adolescent renal-transplant recipients (14). Written informed consent was obtained for all
patients and the study was approved by the institutional review boards of the collaborating
centers. Patients between the ages of 1 and 21 years who received a primary, single-organ
renal transplant from either a living donor or a deceased donor were eligible. Patients who
were previously treated with steroids within 6 months of the proposed transplant, or had a
peak PRA (panel reactive antibodies) > 20%, were excluded from this study. Patients who
were to receive kidneys from HLA-identical donors, from non-heart beating deceased
donors, from donors > 55 years of age or with prolonged cold ischemia time (>20 hours for
simple cold storage; >30 hours for machine perfusion), were also excluded.
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Patients were randomly assigned to one of two treatment groups by a web-based data entry
system maintained by the clinical coordinating center: a steroid-free arm (SF) and a steroid-
based arm (SB). For both the SF arm and the SB arm, oral tacrolimus was administered pre-
operatively to recipients >5 years of age at a starting dose of 0.1 mg/kg/dose BID for living
donor recipients and 0.1 mg/kg/dose QD for deceased donor recipients. Recipients <5 years
of age received tacrolimus at 0.15 mg/kg/dose BID for living donor recipients and 0.15 mg/
kg/dose QD for deceased donor recipients. Postoperatively, the oral tacrolimus dose was
0.07 mg/kg/dose BID adjusted subsequently to achieve target levels of 12-14 ng/ml from
day 0-7, 10-12 ng/ml from week 2-8, 7-10 ng/ml from week 9-12 and 5-7 ng/ml after 12
weeks. Evidence of tacrolimus toxicity on any protocol biopsy resulted in a further lowering
of the tacrolimus target level to 4-6 ng/ml before the first year and 3-5 ng/ml after the first
year post-transplantation. Intravenous MMF was dosed at 1200 mg/m2/day in 2 divided
doses pre-operatively and for the first 48 hours post-operatively. Oral MMF was dosed at
600-900 mg/m2/day in 2 divided doses, the dose ranging because of tolerability and side
effects of MMF. This regimen was used in both the SF and the SB arm. Extended
daclizumab (Zenapax®, Hoffman-La Roche) dosing was the investigational product for
evaluation (BB-IND-10127 held by MS from 1999-2004, and NIAID from 2004-current).
The dosing for daclizumab for the SF arm was 2 mg/kg pre-transplant followed by 1 mg/kg
at weeks 2, 4, 6, 8, 11 and months 4, 5, and 6, in concordance with previous single-center
experience (12;13). For the SB arm, daclizumab was given at a dose of 1mg/kg peri-
operatively and then at week 2, 4, 6 and 8. In the SB arm, MMF and tacrolimus were dosed
in a manner similar to the SF protocol. In the SB arm, prednisone 10 mg/kg was given peri-
operatively followed by 2 mg/kg/day in subjects weighing <40 kg and 1.5 mg/kg/day in
subjects weighing >40 kg. The prednisone dosing was tapered as follows: by the end of
weeks 1, 2, 4, 6, 12, and 16, dosages were 0.5, 0.4, 0.3, 0.2, 0.15, and 0.1 mg/kg/day
respectively. The prednisone dose of 0.1 mg/kg was achieved by no later than 6 months post
transplant.

Concomitant medications included intravenous gancyclovir or oral valgancyclovir for anti-
viral prophylaxis for minimum the first 100 days post-transplantation and trime-thoprim/
sulfamethoxazole (Septra®) for pneumocystis prophylaxis for a minimum first 6 months
post-transplantation. Further details are provided in the report on the safety and efficacy of
this study (14).

Histological evaluation
“Protocol” kidney biopsies were performed at the time of transplantation (prior to
reperfusion) and at 6, 12 and 24 months after transplantation. In addition, “indication”
biopsies were performed at times of renal allograft dysfunction (i.e. increase in serum
creatinine of >10% from baseline on 2 consecutive readings). Hematoxylin eosin and
periodic acid-Schiff (PAS) stained sections obtained from formalin fixed, paraffin embedded
tissue were sent to the central pathologist (N.K) at Stanford University, who remained
blinded for any clinical information or timing of the biopsies. Immunohistochemical staining
was performed on all biopsies with antiserum to C4d (dilution 1:20, catalog #04-B1-RC4D,
Biomedica Gruppe, Austria), CD20 (dilution 1:1000, Catalog # M07SS, DAKO,
Carpenteria, CA) and SV40 (for BK polyoma virus, dilution 1:100, Catalog # DPO2,
Calbiochem, San Diego, CA).

The revised Banff criteria (Banff ‘07) (19) were used to semi-quantitatively score the
severity of histological lesions (interstitial inflammation, tubulitis, intimal arteritis,
glomerulitis, tubular atrophy [TA] and interstitial fibrosis [IF] (IF/TA grade), vascular
intimal thickening, arteriolar hyalinosis, increase in mesangial matrix, transplant
glomerulopathy), and to establish the diagnosis of acute T-cell mediated rejection,
borderline changes and/or of antibody-mediated changes. Acute antibody-mediated rejection
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was diagnosed if C4d positivity in peritubular capillaries was combined with either
glomerulitis or peritubular capillaritis, or both. Chronic antibody-mediated rejection was
diagnosed when glomerular double contours were observed together with C4d positivity in
peritubular capillaries. The number of globally sclerosed glomeruli was counted and
classified into 4 groups (0% = 0; <25% = 1; 26–50% = 2; >50% = 3). In addition, the
presence or absence of isometric tubular vacuolization, tubular microcalcifications and of
ischemic glomerular changes (shrinkage of the glomerular capillary tuft, wrinkling and
thickening of the capillary walls and thickening of Bowman’s capsule or pericapsular
fibrosis) was scored separately. A chronic damage score was calculated according to the
previously described addition of interstitial fibrosis, tubular atrophy, vascular intimal
thickening and glomerulosclerosis; score range 0-12 (20). For each specimen, the single
high-power field with the highest CD20+ cell count was identified, and cell counts of more
than 275 and less than 100 were chosen arbitrarily as definitions of CD20+ and CD20i
status, so that the high threshold was more than 2.5 times the low threshold, as was
described previously (21). In addition, the Chronic Allograft Damage Index (CADI) score
was calculated in all biopsies (score range 0–18) (22), as well as a recently proposed chronic
calcineurin inhibitor nephrotoxicity (cCNIT) score (score range 0–15) (4).

All patients with clinical episodes (associated with graft dysfunction) of Banff grade ≥ I
acute cellular rejections were treated with pulsed doses of methylprednisolone. Graft
dysfunction was defined as an increase in serum creatinine of >10% from baseline on 2
consecutive readings. Subclinical acute cellular rejection (in protocol biopsies, at time of
stable graft function) was treated with intensification of baseline immunosuppression
without additional pulse therapy. After treatment of acute rejection, patients remained in the
SF group without maintenance steroid therapy, unless two biopsy proven acute cellular
rejections occurred within 3 months, in which case subject switched to SB arm. Patients in
the SF study group who switched to steroids were treated with “reduced follow-up” (no later
protocol biopsies were performed in these patients), and therefore, these patients were no
longer included in the evaluation of chronic lesions progression. No treatment adjustments
were advocated for the appearance or progression of chronic histological lesions as the
precise etiology of these lesions is not clear.

Statistical analysis
All randomized patients were evaluated on an intent-to-treat basis. The association between
time post transplantation and the prevalence of different grades of histological lesions was
analyzed with the Cochran–Mantel–Haenszel statistic. To model the risk factors (recipient
and donor age and gender, recipient size, donor source, graft quality at implantation, cold
ischemia time, treatment group and acute rejection) for the different histological patterns by
time after transplantation, and to control for repeated samples from the same patient, the
GENMOD procedure with a generalized-estimating-equations (GEE) approach was used,
with an independent correlation structure of the GEE model and a repeated statement to take
into account the repeated measures and to allow entrance of patients with missing data in the
analysis; final models were constructed after backward elimination. IF/TA grade, cCNIT
score, CADI score and glomerulosclerosis were analyzed as ordinal variables, vascular
intimal thickening, arteriolar hyalinosis, ischemic glomeruli and tubular microcalcifications
were dichotomized for analysis. For purposes of analysis, donors were divided into 3 groups
according to donor age: <25 years, 25-35 years and >35 years. For variance analysis of
continuous variables in different groups, nonparametric Wilcoxon-Mann-Whitney U non-
parametric one-way ANOVA and parametric one-way ANOVA were used, as appropriate.
Dichotomous variables were compared using the chi-square test. Survival distributions were
compared using the log-rank test and plotted using the Kaplan-Meier method. For chronic
histology lesions, patients were censored at the time of their last biopsy. Correlations
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between ordinal variables were assessed by Spearman correlation analysis. Data are
expressed as mean and standard deviation (SD), odds ratios from the GEE analysis are
presented with a 95% confidence interval. The odds ratios presented in the multivariate
models are adjusted for the other independent variables included in these final models. In a
power analysis based on a previous probability of IF/TA presence of 75% at 2 years after
transplantation (4), 32 patients were needed in each group to detect a difference in IF/TA
probability at 2 years of 40%, with alpha=0.05 and a power of 70%. All P values were two-
sided, and those less than 0.05 were considered to indicate statistical significance. Data
analysis was performed using SAS software (SAS version 9.1; SAS institute, Cary, NC).

RESULTS
Patients

From March 2004 to July 2006, a total of 130 patients from 12 U.S. sites underwent
randomization, 70 patients to the SB arm and 60 patients to the SF arm (Figure 1). More SB
patients were enrolled in two centers, resulting in unequal final numbers in the 2 arms. Both
groups were well matched with respect to demographic characteristics, without significant
inter-group differences (Table 1). Due to the preferential allocation of younger deceased
donor kidneys to pediatric recipients, there was a significant correlation between donor age
and donor source (living versus deceased donor): living donors were significantly older than
deceased donors (35.8 ± 9.0 vs. 23.1 ± 7.0 years; P<0.001). Five patients from the SF study
group (8.3%) switched to steroids. They remained in the study but were treated with
“reduced follow-up” (no later protocol biopsies were performed in these patients).

Histological evolution
After exclusion of inadequate biopsies (N=7), 502 biopsies were available, 368 protocol
biopsies (112 at implantation, 100 at 6 months, 81 at 12 and 75 at 24 months after
transplantation) and 134 indication biopsies (obtained at time of graft dysfunction,
median202 days after transplantation). Patients who did not have biopsies at the protocol
biopsy time points did not have more biopsies for cause during follow-up, neither did they
experience more or less episodes of acute T-cell mediated rejection or borderline changes
(Supplemental Table 1).

At implantation, 98% of biopsies had IFTA grade 0. The calculated chronic histological
damage score is shown in Table 1 and Supplemental Table 2, and demonstrates the excellent
quality of the kidneys at time of transplantation.

Biopsy-proven acute clinical T-cell mediated rejection (diagnosed ina biopsy for cause)
occurred in 13.3% SF patients vs. 11.4% SB patients in the first year after transplantation
(P=0.74), and in 16.7% SF patients vs. 17.1% SB patients by 3 years after transplantation
(P=0.94) (Table 2 and Figure 2A). Of all indication biopsies performed, 28/134 (20.9%)
showed acute T-cell mediated rejection, and 27/134 (20.1%) showed borderline changes.
This percentage did not differ between study arms. C4d stains were available for 116/134
indication biopsies and for 86/100 biopsies at 6 months, 75/81 at 12 months and 72/75 at 24
months. In 8/116 (6.9%) of indication biopsies, antibody-mediated rejection was diagnosed.
Six indication biopsies showing antibody-mediated rejection had concomitant acute T-cell
mediated rejection, two other biopsies from a single patient showed concomitant borderline
changes. Acute and chronic antibody-mediated changes were observed together in 3/8
biopsies with antibody-mediated rejection. Two patients, both in the SF group, had repeated
antibody-mediated rejection. No statistically significant differences were observed between
the SF and SB patients. It should however be mentioned that at 3 years after transplantation,
the cumulative incidence of acute antibody-mediated rejection in indication biopsies was
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numerically higher in the SF group (6.7%) compared to the SB group (1.4%), without
reaching statistical significance (Table 2).

When we examined protocol biopsies, performed in patients with stable graft function, there
were no differences in subclinical acute T-cell mediated rejection episodes between both
groups (Table 2 and Figure 3A). Cumulative acute cellular rejection incidence (including
subclinical rejection in protocol biopsies) at 1 year was 20.0% in SF patients vs. 21.4% in
SB patients (P=0.84) and 3 years after transplantation 23.3% in the SF patient group and
28.6% in the SB patient group by (P=0.50) (Table 2 and Figure 2A). Although borderline
changes were seen numerically more frequently in the steroid-free patient group at both 12
and 24 months after transplantation (Table 2) there was no increased risk for borderline
rejection changes in protocol biopsies between SF and SB patient groups. The incidence of
subclinical antibody-mediated rejection was too low in this study to allow for any
meaningful statistical analysis.

Regarding more subtle features of immunologic activity (Figure 3B, 3C and 3D), we found
no differences between both treatment groups in the prevalence of inflammation in atrophic
areas or CD20+ (B-cell) infiltration at the different protocol biopsy time points. There was a
non-significant trend towards more lymphoid aggregates in protocol biopsies of the SF
group patients at 6 months (34.0% vs. 18.9%; p=0.08). This difference was no longer
present by 12 months and 24 months after transplantation (40% vs. 35%, p=0.45 and 42%
vs. 40%, p=0.87 respectively). The prevalence of histological lesions suggestive of
antibody-mediated rejection (peritubular capillaritis, C4d positivity) was too low to allow
for robust statistical analysis: 1.2 % at 6 months, 0% at 12 months and 2.7% at 24 months
after transplantation (p=0.31; Supplemental Table 2).

In the first 2 years after transplantation, a gradual increase in IFTA, glomerulosclerosis,
ischemic glomerular changes, vascular intimal thickening, tubular microcalcifications,
mesangial matrix increase, the presence of lymphoid aggregates, CD20+ cell infiltration and
interstitial inflammation in atrophic areas was observed in the overall group (Figure 2B and
Supplemental Table 2). As a consequence, the CADI score and cCNIT score increased
significantly in the first 2 years after transplantation: the number of patients with a CADI
score of 0-1 decreased from 86% at implantation to 45%, 37% and 35% by 6, 12 and 24
months after transplantation (p<0.0001; Supplemental Table 2). The prevalence of arteriolar
hyalinosis (3.6%, 8%, 7.4%, 6.7% at respectively 0, 6, 12 and 24 months; p=0.39) and
transplant glomerulopathy (0%, 1%, 1.2%, 2.7% at respectively 0, 6, 12 and 24 months;
p=0.09) did not increase during the first 2 years after transplantation (Supplemental Table
2). There was no association between C4d staining and CD20+ infiltration, but there was a
significant association between the presence of lymphoid aggregates and B-cell infiltration:
87% of biopsies with CD20+ infiltration also had lymphoid aggregates, while only 19% of
biopsies without CD20+ infiltration had lymphoid aggregates (P<0.0001).

Clinical determinants of chronic histological damage
When comparing chronic histological damage in protocol biopsies between the SF and the
SB treatment arms, no significant difference in the prevalence or evolution of the different
histological lesions (see above) or calculated scores was observed. Univariate Odds ratios
for differences comparing steroid-free immunosuppression versus steroid-based
immunosuppression were 1.14 (0.71-1.83) (p=0.60) for risk of higher IF/TA grade; 0.70
(0.38-1.28) (p=0.24) for presence of vascular intimal thickening; 1.94 (0.82-4.61) (0.13) for
presence of arteriolar hyalinosis; 1.22 (0.77-1.93) (p=0.40) for presence of ischemic
glomeruli; 0.98 (0.49-1.96) (p=0.95) for presence of tubular microcalcifications; 0.86
(0.51-1.46) (p=0.58) for risk of higher number of sclerosed glomeruli; 0.93 (0.58-1.49)
(p=0.77) for risk of higher CADI scores (Figure 3E and Supplemental Table 3).

Naesens et al. Page 6

Am J Transplant. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Small recipient size (closely correlating with recipient age) was an independent risk factor
for a higher grade of IFTA (body surface area [BSA] <0.75 m2 vs. >1.5 m2, P=0.0002;
0.75-1.5 m2 vs. >1.5 m2, P=0.052), independent of time after transplantation (Figure 4F and
Supplemental Table 3). Consequently, also the calculated CADI (BSA <0.75 m2 vs. >1.5
m2, P<0.0001; 0.75-1.5 m2 vs. >1.5 m2, p=0.02) and cCNIT (BSA <0.75 m2 vs. >1.5 m2,
p=0.0002; 0.75-1.5 m2 vs. >1.5 m2, p=0.049) scores were significantly higher in post-
transplantation biopsies from smaller pediatric recipients, independent of time after
transplantation (Supplemental Table 3). Similar results were obtained when recipient size
was replaced by recipient age.

Despite the pristine condition of the kidneys at implantation, there was a significant
association between higher donor age and arteriolar hyalinosis in post-transplant protocol
biopsies (Supplemental Table 3). Higher donor age was also independently associated with
an increased risk for higher CADI score (>35 years vs. <25 years, p=0.0007; 25-35 years vs.
<25 years, p=0.12) and cCNIT score (>35 years vs. <25 years, p=0.0001; 25-35 years vs.
<25 years, p=0.01), independent of time after transplantation (Figure 3G and Supplemental
Table 3). Higher donor age was also associated with vascular intimal thickening and
glomerulosclerosis. Donor and recipient gender were not associated with renal allograft
histology in the first 2 years after transplantation. The prevalence of antibody-mediated
rejection was too low to allow for valid statistical analysis.

Graft function and survival
Graft function, calculated with the Schwartz formula (23), was similar for both the SF and
SB group, at all time points in the first 3 years post transplantation. Overall renal allograft
survival was 95% (57/60) and 90.0% (63/70) at 3 years post transplantation for the SF and
the SB groups, respectively (p=0.30). Patient survival was 100% in both treatment arms.

There was a significant but weak correlation between the histological appearance of the
grafts at 6 months and absolute graft function (mL/min) at 12 months: IFTA grade
(p=0.0002; R=-0.38), inflammation in atrophic areas (p=0.004; r=-0.30), lymphoid
aggregates (p=0.047; r=-0.21), the CADI score (p=0.0005; r=-0.35) and the cCNIT score
(p=0.004; r=-0.30) all correlated significantly with absolute graft function at 1 year after
transplantation. Similar correlations were observed between histological lesions at 6 months
and absolute graft function at 24 months: IFTA grade (p=0.0006; r=-0.37), lymphoid
aggregates (p=0.04; r=-0.23), the CADI score (p=0.002; r=-0.34) and the cCNIT score
(p=0.003; r=-0.32). Graft function was not different between patients with or without
subclinical acute T-cell mediated rejection.

DISCUSSION
In this serial histological analysis, embedded in a randomized multicenter clinical trial of
steroid avoidance in pediatric renal allograft recipients treated with tacrolimus, MMF and
prolonged induction with daclizumab, we found significant progression of chronic graft
injury in the first 2 years post-transplantation in both study arms. Complete steroid
avoidance with prolonged IL-2 receptor blockade was associated with neither a higher risk
for clinical rejection nor with a higher risk for subclinical inflammation of renal allografts.
There was no difference between the SB and the SF treatment arms with respect to chronic
histological damage, graft function or graft survival. In addition, this study confirmed that in
pediatric kidney transplant recipients, small recipient size and higher donor age are the
primary risk factors for progressive chronic tubulo-interstitial damage of renal allografts.
The histological appearance of the grafts in was significantly correlated to absolute graft
function, although it should be noted that this correlation was rather weak.
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The current study showed no increased risk of clinical acute T-cell mediated rejection with a
steroid avoidance protocol in a pediatric population. Moreover, we demonstrated for the first
time that a SF immunosuppressive regimen does not lead to higher prevalence of subclinical
inflammation in this population, as detected in protocol biopsies (all with stable graft
function). As both subclinical inflammation in non-atrophic areas and inflammation in
atrophic areas have been associated with worse long-term renal allograft outcome (24;25),
this is a reassuring finding that suggests relatively long-term safety of the steroid-free
immunosuppressive protocol (Sarwal et al, submitted). No statistically significant
differences were observed between the SF and SB patients in terms of antibody-mediated
rejection, although the numerically higher prevalence of acute antibody-mediated rejection
in the SF group is of potential clinical importance in recipients with an immunologically
higher risk profile. Studies with longer follow-up are needed to elucidate whether this
numeric difference translates in statistically significant differences on the long term. Studies
in adult recipients have shown increased risk of graft rejection in steroid avoidance studies
(26), which differs by the findings in the current pediatric study, and another recent
multicenter, randomized trial in pediatric recipients (15). Whether this reflects the duration
of daclizumab use, the pediatric population or other as yet undefined factors cannot be
answered from the current study. Finally, as daclizumab has been withdrawn from the
market, it will be necessary to separately evaluate the safety and efficacy of the IL-2
receptor blocker basiliximab for induction in steroid-free immunosuppressive regimens in
pediatric kidney transplantation.

Importantly, the current study showed that donor age is a correlate of graft histology after
transplantation and that progressive histological damage occurs even in kidneys from
relatively young donors transplanted in young recipients, independent of the occurrence of
acute rejection, these events being noted fairly soon after transplantation. The impact of
older donor age and acceleration of chronic histological injury in the post-transplant
allograft has been previously shown in published studies in adult recipients (2;27) and with
single-center data in pediatric recipients (4;28).

The etiology of this histological damage is probably multifactorial (5), and the current study
offers new insights into possible clinical determinants of this progressive injury.
Importantly, we observed that there were no differences between the treatment arms in terms
of immune injury. We also observed that steroids do not appear to have a protective role in
the avoidance of chronic histological IF/TA damage after transplantation. Earlier animal
model studies have suggested that steroids may have a protective role against calcineurin
inhibitor induced nephrotoxicity (29), and one recent study suggested that acute calcineurin
inhibitor nephrotoxicity is more prevalent in a steroid withdrawal group than in patients
maintained on steroids, although the definition of acute CNIT was not detailed (16). In our
current study, there was no significant difference in the incidence of chronic histological
damage or histological lesions suggestive of calcineurin inhibitor nephrotoxicity between
the SF and SB treatment groups, although we acknowledge that the power to detect minor
histological effects of steroid avoidance is insufficient in the current study. This is related to
attrition over time of the number of protocol biopsies in each treatment arm, a common
phenomenon in protocol biopsy studies, even in adult recipients (2;27;30). In addition, lack
of treatment blinding and lack of data on medication adherence and drug levels could have
further decreased the study power, especially since medication adherence can be
problematic in adolescents (31). The fact that graft loss was very low in the current study (in
contrast to the protocol biopsy studies in adults), and the equal percentage of biopsies in
each study arm, avoids any systematic bias that could arise from the declining proportion of
biopsies over time. Larger protocol biopsy studies with lower attrition rates would be very
welcome, but accrual and expense could compromise the feasibility of larger clinical trials
of this nature in pediatric recipients.
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Furthermore, we evaluated other clinical determinants of progressive chronic histological
damage of renal allografts. We demonstrated that higher donor age is independently
associated with increased chronic histological damage, despite the pristine nature of the
kidneys at time of implantation. This suggests that the effects of higher donor age reach
beyond the quality of the graft at implantation and continue to be important for the
histological and functional evolution in the post-transplantation period (32;33). Some of
these cellular and molecular mechanisms of aging include subcellular structural changes,
DNA mutation accumulation, telomere shortening, oxidative stress, accumulation of
advanced glycosylation end products etc resulting in distinct gene expression profiles. The
functional limitations such as tubular dysfunction, increased susceptibility to ischemia and
drug toxicity, likely persist even in the absence of overt structural changes in implantation
biopsies.

Finally, in the current multicenter study, we independently validated the previously
described association between smaller pediatric renal allograft recipient size and increased
risk for chronic tubulo-interstitial injury (4;28). This finding could explain the absence of
improvement of absolute GFR (mL/min) in association with growth of the smallest pediatric
renal allograft recipients, in contrast to the findings in older children where the absolute
GFR increases with growing (34-36). As we confirmed an association between small
recipient size and chronic (irreversible) histological damage, the irreversibility of the
functional adaptation of renal allograft function to the size of the pediatric recipients is
likely caused by chronic renal graft ischemia, insufficient renal auto regulation and
secondary chronic irreversible tubulo-interstitial damage associated with the donor-recipient
size discrepancy. One could hypothesize that the aortic blood flow in smaller pediatric
recipients is insufficient to provide adequate perfusion of the adult-sized kidney with adult-
sized vasculature, as previously demonstrated in vivo (37;38). The independent effect of
donor-recipient size discrepancy on both irreversible histological damage of the transplanted
kidney and on its functional evolution, suggest that the current strategies to assure optimal
intravascular volume (37;38) are not sufficient, and exploration of additional therapeutic
approaches to increase allograft perfusion could further extend the graft survival benefit
(39;40) of adult-sized kidneys transplanted into small children. It remains unclear how this
accelerated progression of chronic histological damage in infants relates to the superb graft
survival in this age group (39). It could be hypothesized that this apparent contradiction
relates to the lower prevalence of late severe rejection phenomena in this age group
compared to adolescent recipients, which is often associated with problems with medical
adherence (31). Longer-time follow-up studies should be performed to unravel the impact of
the progressive chronic histological damage on long-term graft outcome.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study design and numbers of biopsies included
All patients who underwent randomization and transplantation were included in the intent-
to-treat analysis.
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Figure 2. Cumulative incidence of acute and chronic histological lesions by time after
transplantation
(A) Cumulative incidence of clinical (in biopsies for cause) acute T-cell mediated rejection
or borderline changes according to treatment arm.
(B) Cumulative incidence of different grades of interstitial fibrosis/tubular atrophy (IFTA),
vascular intimal thickening and global glomerulosclerosis by time after transplantation,
expressed as 1-the Kaplan-Meier survival estimate.
(C) Cumulative incidence of different grades of interstitial fibrosis/tubular atrophy (IFTA)
according to treatment arm. IFTA grade 1 is IFTA encompassing <25% of the biopsy core,
while grade 2 corresponds to 25-50% and grade 3 to IFTA in >50% of the biopsy.
For the Kaplan–Meier estimates of event rates presented here, patients were censored at the
time of their last biopsy or at 24 months if indication biopsies were performed later than 24
months. The histological lesions were scored according to the updated Banff classification
on sequential biopsy specimens obtained on indication (graft dysfunction) and at
prescheduled time points (protocol biopsies). P-values comparing survival distribution
between SF and SB study group were obtained using the log-rank test.
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Figure 3. Prevalence of different histological lesions at each time point after transplantation
Prevalence of subclinical rejection (A), inflammation in atrophic areas (B), lymphoid
aggregates (C) and CD20+ infiltrates (D) according to treatment arm in protocol biopsies.
(E) Prevalence of different degrees of CADI score according to treatment arm, (F) recipient
size and (G) donor age in protocol biopsies. There were no statistically significant
differences between the treatment arms in terms of the different histological lesions in GEE
analysis (Supplemental Table 3). Smaller recipient size (p<0.0001) and older donor age
(p<0.05) were independently associated with higher degrees of CADI score in post-
transplantation biopsies in GEE analysis.
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