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Next Section
Thirty-four children were entered into a pilot trial of calcineurin inhibitor avoidance after living-donor

kidney transplantation, the CN-01 study. Patients were treated with anti-CD25 mAb, prednisone,
mycophenolate mofetil, and sirolimus. Twenty patients were maintained on the protocol for up to 3 yr of



follow-up. One enrolled patient did not receive the transplant because of a donor problem, eight
terminated because of one or more rejection episodes, four terminated because of adverse events, and
one was lost to follow-up. Two grafts were lost, one as a result of chronic rejection and the other as a
result of posttransplantation lymphoproliferative disorder. There were no deaths. The 6- and 12-mo acute
rejection rates were 21.8 and 31.5%, respectively. GFR were stable throughout the course of the study,
with a slight downward trend by 6 mo after transplantation followed by a slight upward trend to a mean
of 70 ml/min thereafter. Early surveillance graft biopsies frequently showed focal interstitial
mononuclear cellular infiltrates without overt vasculitis or tubulitis, but these infiltrates disappeared
without treatment. Anti-HLA class | and Il antibodies were detected in three patients before
transplantation, and all three had acute rejections, including the two patients who lost their grafts. De
novo anti-HLA Ab production occurred in only one patient after transslaintation. There were two
episodes of Epstein Barr sirus—related posttransslartation lymphoproliferative disorder, one of which
developed after the patient had been terminated from the study. It is concluded that calcineurin inhibitor—
Tee immunosuppression can be safe and effective in pediatric living-donor renal transplantation.
However, further modifications that are designed to lessen early rejection rates and decrease
complications should be tested before this approach is used routinely.

Renal transplaintation has long been considered the preferred treatment of ESRD in
children (1-3). KIALISK, BB HIA N2 )L & AR E 7 0 H %8697 )7 % . For years,
however, children had poor outcomes and were considered to be high risk as
compared with adults (4).(HZ 5K JL#E FRAEFETT BCRE LA LA . Improvements in
donor selection, surgical techniques, and knowledge of immunosuppressive drug
doses and metabolism in children have led to substantial improvements in pediatric
kidney graft and patient survival (5,6). Ffi& (&G FMFREARPZ DRI, UKL %%
IFIFIAR IR AR AW S, LS SN E RS R A3 7 BERTT.
The improvement in outcomes n clhildren have exceeded those of adults, and children
who are younger than 10 yr now have the best outcomes of all age groups of kidney
transplant recipients (6).7897 SUCRMBERIEE A8 TN, W4, /AN 10 B2 RETT
RORAE PTG il T B B

Much of the improvement in organ transpla ntation outcomes has been due to the
prevention of early acute rejection episodes and prompt identification and treatment
when they occur (5,7-9).1X ¥ [ ik & K H 4 225 Ty T B SR A5 OSL R PR . 12 BL &
AT LS . Whereas some single-center reports have described rates of acute
rejection episodes as low as 13 to 26% at 1 yr in selected groups of pediatric
recipients (10-13), large multicenter studies have reported rates as high as 27 to 59%
(14-19). Registry studies have reported that overall 6-mo acute rejections rates of in
deceased-donor and 32% in living-donor kidney transplaintsin 1992 fell to 21 and
20%, respectively, by 2003 (20). The North American Pediatric Renal Transplant
Cooperative Study (NAPRTCS) reported a 57% first-year acute rejection rate in
pediatric renal trans plant recipients in 1987 that decreased to 32% by 2001 (5).#.41.(»
IRIGHLEI 1 N SR RN A AERAE 13%3) 26%2 18], 11 KR 2 drs IR EGHGE 10 7E
27%% 59% 18], EMBIFLCERIE,, 1992 F 6 M H WM F SR A FAE B2 FEFH HH IR
(5 e 45%, #2003 4 RNFER] 21%, 11 1992 FHesz ARk B & b2 32%,
2003 4 FFEE] 20% .



One of the major reasons for decreased acute rejection rates and improved short-term
outcomes is the improvement in immunosuppressive medications (21,22). atHiFk
ARTHEAEHE REEMEERR 2 — & 0E M 49132 . Among these, the
calcineurin inhibitors (CNI) are the most potent and likely the most important in
improving outcomes (23). fEIXS625¥24 9 CNI W HE 2 B ol KRB 23 . However,
these medications have multiple adverse effects, among which the most significant is
nephrotoxicity (24-27). {02 CNI K2 HA Z HRIEM, KB #1851 A3 H . Chronic
CNI-associated nephrotoxicity is thought to be one of the antigen-independenit
factors related to the progression of chronic allograft nephropathy (CAN). 15 CNI #{
KM B M N CAN R BRI AR 22 ek E % . Protocol biopsies of pediatric kidney
transplant recipients have demonstrated interstitial fibrosis and tubular atrophy
characteristics of CNI nephrotoxicity (28,29). )L "B FEH8 B2 PR IE A& 7 18] R 27 4EA L A0/
EEME CNI B HEEMRME. Importantly, as many as 15% of extrarenal transplant
recipients develop chronic renal insufficiency, and CNI toxicity is thought to play a
major role in the development of that disorder (30). In addition, CNI have been
associated with hypertension, increased rates of steroid-associated diabetes, and
neurologic complications (31).15%H Atz B4 H 2 i BB F Thge A4, CNI [EEPELE
R EEEA. A, CNIBS&EIE. KEBMEERR . 142 RS RS,

There is very little experience with the use of the target of rapamycin (TOR) inhibitors
sirolimus and everolimus in pediatric organ transplantation (32-36). 7£ )L # #% B &
FAFEWHEEMH ALY THAKEES N AL KRS This class of
immunosuppressants has a novel mechanism of action that is different from all other
antirejection medications that are used for transplantation (37,38). iX—3& %47 B
H M A/E H ML #l . The major complications of the TOR inhibitors ncllude
hyperlipidemia, thrombocytopenia, and poor wound healing (38). &1 3= B 51 &
R AR . /OB A4 D . Sirolimus has been used in adult kidney transplant
recipients in CNI avoidance or withdrawal studies (39).F5 5 Z &1 N CNI 5 RE LN
THRAM'E#iET. These studies generally have demonstrated better long-term GFR
in recipients in whom there is CNI avoidance or withdrawal as compared with those
who receive chronic CNI-based immunosuppression. AR ZEE T CNI 5 &K
IR R GFR G UF 4k o (BRI 2t HE R K A2 2 LR - However, acute rejection rates may
be somewhat higher. Because of these early results in adult renal transplant trials, we
undertook a pilot study of CNI avoidance in pediatric renal transplantation.F N A\ &
BRI Eegh e, FRAE L B R R R A T Sl 1 SR A
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LA ERON o B AR ACE I FARER B ST, DL S e M) 50 A DG B2 A iR A
WiEwE, JLEEBENBEDAE RN ZAEERSS 7 RERA, TSR EE S
I TN WA, ANT 10 B ARIGTT AR SR T A i 0 TR B i R o SRR O Ay
B TR A SR R B TR  2W DARRYT B . iR IR aRIE ) 1 RN Sk
e SR A 2 AE 13%3 26%2 18], T KL 2 AR ISR E IR 7E 2 7% 59%2 8] AT
FOLHIE, 1992 4 6 4 H N MEHEF IR N R A 28 AR H 2 SR E AR MR 1) 38 /2 45%, 2
2003 - FFER] 21%, 1 1992 F4H2 A F 4RIk EE 2 32%, #2003 4 RNfEE 20% -
SRR R AR A S R iR S R E R R A R . AR



CNI 7T g it ey KB S EE A HED . HJE CNI KRG AA ZEEIER, Hr B Rtk ivs NE
Ho 127 CNIAESCIE S #E A v CAN KEIIAR R 2 e R . L2 B RAE T RIS
F S 7 (R JR 2T AR AT/NVE 224572 CNI I BRTERORFAE . 1 5961 HoAth 35 BA% AR R R 1B 1k D e
A4, CNIERPEE MR R BME A . k4, CNI B SEiE. KERERERR . S RGIER
REARR . fF LB 2B MM AT 55 B 03 FAH050 70 2 SR 4E 5 =] A I 3R R Do 3K 3K
GuEANHIFRA BRI TR0 ZRIME RS SRR . /NSO A5 DX . 7Y
D EEENTE CNIEJT ROE R TRARE R b . RS 7T 2 HAEW] 778 CNI 5 A0 7
FF GFR 744t (BRI SVEHE R R R R L S . BONA RN 5 ERREessig, P DAIRATI#E
JUE B R AR St 1 SRR TE -

Materials and Methods

Study Design and Patient Enrollment Y A\ i3#E: HEEm+<21 5, &t BATR
B AR BFHREHES+RER+MMF+ES 30 WRNR: BEE 146, BU=8:
GivHiets: ARIRMBH:. BEVER. GFR;

The Cooperative Clinical Trials in Pediatric Transplantation (CCTPT) is a cooperative research program
sponsored by the National Institute of Allergy and Infectious Diseases. Four participating centers of
CCTPT entered patients into this study, identified as CN-01 study, which was designed as a single-arm
pilot study in which all patients received daclizumab induction, prednisone, mycophenolate mofetil
(MMF), and sirolimus. The primary objective of the study was to determine whether the rejection risk
was low enough in the first year after transplantation to permit the use of chronic CNI-free
immunosuppression in pediatric transplantation. 7E#% 18 J& — 4 IHE 7 OB R AR Fot 5 R S AIKA 2 T
ReB i JC CNI F) 7 2. Adverse events, surveillance graft biopsies, and changes in measured GFR
were monitored carefully. Living-donor kidney transplant recipients who were younger than 21 yr and
receiving their first or second graft were eligible. The study protocol was approved by the institutional
review board at each study site as well as by the National Institute of Allergy and Infectious Diseases.
Informed consent was obtained from the patients who were 18 yr and older and from the parents of
patients who were younger than 18 yr before their enroliment in the study. Patients who were older than
12 yr also provided assent.

Immunosuppression

All patients received a loading dose of sirolimus 1 d before transplantation. A8 AT — KR — X FE%
B, They received the anti-CD25 mAb daclizumab intraoperatively and every 2 wk up to 8 wk after
transplantation. 7AW R H A FIBR P, FFHARG®HEFHH—®, S3LP0%K. Maintenance
immunosuppression consisted of prednisone, which was begun at 2 mg/kg per d and tapered to 0.15
mg/kg per alternate day ZEIFA KRG & 2mg T TR RS R, ZF#iEE 2 H 0.15mg BA Tk
#; MMF at a dose of 1200 mg/m? per d, divided twice daily;MMF1200mg &5 77 K&K H AR K,
WA and sirolimus, which was administered on a twice-daily schedule and at a dose that was
designed to maintain whole-blood trough levels of 20 to 25 ng/ml for the first 2 mo % 78T 2 A Il
IR FE 20-25ng/ml, 3-6 A 20 ng/ml, 20 ng/ml for months 3 to 6, and 15 ng/ml thereafter. 2 J55t 2
15 ng/ml . Patients were followed for 3 yr.

Graft Evaluation

GFR were measured by elimination of radiolabeled technetium at 3, 6, 12, 24, and 36 mo after
transplantation. GFR J& HITBUH PR e85 FUHEIER R E 1), 70 AIFERSHE G 3. 64 12, 24 HRIE



ffJ. Surveillance kidney transplant biopsies i #1415 % #75 : were obtained at the time of the
transplant procedure (postperfusion) and at 3, 6, and 12 mo after transplantation. f&{EfHE )5 3. 6. 12
H35%453). Two cores were obtained, one of which was used for routine processing /1 —~& i /&
F A and review at the clinical center U544, The other core was split into two pieces, i — Mz
AWy 1 Pita and both were snap-frozen in liquid nitrogen #E# 7 &4 1% and stored for later analysis.
FEARAF R FAEAE G 1943 8T One piece was used for mRNA analysis, and the other was used for
immunohistologic analysis.iX Fi 3 — 38 FE mRNA 4347, 53— g AE G 44k 4 .

Alloantibody Detection

Blood samples for alloantibody detection 1 [FFf 7 A4 T Ao il i) L7 bR 4% were obtained 2 7E#
W2 HT, G 3. 6. 12 A UL KMEEHE R R AR 3R15/H].  before transplantation; at 3, 6, and 12
mo after transplantation; and at the time of suspected rejection. A flow cytometric Luminex XY
platform i 40 AR FHVERS I class | A1 class 11 4744 was used to detect class | and class 11
alloantibody (OneLambda, Inc., Canoga Park, CA). Microbeads (%:5%) fERSZ 12tk 1) class | F1
class Il HLA fuJsi g #ef1), axX By JiARR A 1 WAV 2 2 Wdt)5 . are coated with purified
class I and class 11 HLA antigen that represents all common and many rare antigens. Test serum 7E£&
W2 H P AERS I ) 13— B R A /E—80C.  was maintained at —80°C until just before testing.
Serum samples were centrifuged at 8000 rpm for 5 min I 3&48 A 7E 8000 rpm K &0 5min,  to
remove aggregates and tested undiluted. A total of 20 pl of test serum, as well as positive and negative
control sera, was incubated with 5 ul of LABScreen class I and class II beads. One microliter of 100x
conjugated anti-human 1gG per test sample was diluted in 99 ul of wash buffer and incubated with the
beads for an additional 30 min. All samples were analyzed within 1 h of completion. The LABScan
analyzer with LABScreen analysis software was used for data acquisition. Serum reactivity was
assessed by the PE fluorescence shift for each HLA-coated bead after correction for nonspecific
binding to the negative control bead. Reactions are graded as positive, negative, or gray zone
depending on the reactivity of the sample serum in comparison with the control serum.

Statistical Analyses

Statistical analysis was designed to determine whether the acute rejection rate was acceptable to permit
subsequent studies. %I, BdE M2 R IF R SEHE R R N R A R BB LLE TR
AT —NHFFCHT . We proposed that a rejection rate in the first 6 mo of 40% would be unacceptable and
that a rate <20% would be desirable F A 1% & S EHEF R M A A R AERHE G 6 A H A 40%siA
ReEAT N —20, Mi/hT 20% &2 3% K UF 11, especially if the patients were free of CNI adverse
effects.? ?  HEJIE 243 AMNTRAE KE CNI A5/ Therefore, if there were sufficient evidence to
conclude that the acute rejection rate was <20 or >40%, then the study would have been terminated. The
sequential testing procedure used was a truncated extension of the sequential probability ratio test. With
the study sample size of 35, the design type | and type Il error rates were 8 and 12%, respectively. The
time course of repeated lipid and GFR measures was analyzed using generalized linear models with
parameters estimated using generalized estimating equations.
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Enrollment and Primary Outcome



Thirty-four patients were enrolled between February 2001 and August 2003. One enrolled patient did
not receive the transplant because of a problem uncovered in the donor. 33 4~ A4 Six patients had at
least 3 yr of follow-up, and 91% had at least 1 yr of follow-up (30 4~ A5 1 4F) ; the mean follow-
up was 2.1 yr. Of those 33, nine were younger than 6 yr, four were 6 to 12, and 20 were older than 12.
Twenty-one were boys, and there were no black patients. Ten patients received preemptive transgplants
fiL e F44H, two had previously received a kidney transgiant, and three donors were unrelated. There were
no episodes of delayed graft function. Patients received sirolimus on a twice-daily schedule (35), and
target levels were achieved by the second week and maintained for the rest of the study (Figure 1).
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Figure 1.

Mean and SE sirolimus trough levels from the time of transgiantation until 36 mo after transglantation
i children inCN-01 study.

Eleven patients had 14 acute rejection episodes, 11 /™55 A KE T 14 IR S EHEF R BE seven within the
first 6 mo and four after the first 6 mo. 3+ 7 AfEASMHWN, 4 AfESNMHJG.  The plot of actual
acute rejection rate in the first 6 mo versus sequential probability ratio test boundaries is shown in Figure
2. The test statistic did not approach the upper bound and remained close to the lower bound throughout
the study. Two grafts were lost, one at 94 d as a result of recurrent rejection and posttranssizntation
lymphoproliferative disorder (PTLD) and the other at 732 d as a result of chronic rejection. ™1
Bk, 1A S SRR AR Jo bk L 0 A 1 p 85 94 RINFRk%, 55 1 ANBgtEHEF
TE5E 732 KAFiE2% . There were no deaths. T F 1= Thirteen (39%) patients withdrew from the study
treatment protocol (Table 1). 13 4™ & A B ULHFT . Of these, eight were withdrawn because of one or
more rejection episodes, four were withdrawn because of adverse events or complications, and one was
lost to follow-up. i 1 A2 2V5, 8 MEUNHEFRREL, 4 NFIRFEAAE.  Of those with rejection,
two lost their grafts and six still have functioning grafts after treatment of rejection. 8 4> & 2= HEJ+ [ b
MR EE T 2 Mk TREYE, 6 MRIRITRE T FK. In five of these cases, maintenance
immunosuppression was changed by discontinuing MMF and re:z1zcement with tacrolimus. In one case,
the patient was left on the study protocol of sirolimus, MMF, and steroids; that patient has not had any
more episodes of acute rejection. Of the four patient who were withdrawn because of adverse events,
two had neutropenia and one had diarrhea and vomiting; all three of these had resolution of symptoms
when tacrolimus was substituted for MMF. One patient had a lymphocele and poor wound healing that



necessitated the temporary discontinuation of sirolimus; he is currently receiving sirolimus, tacrolimus,
and prednisone.
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Figure 2.

Stoping guideline as determined by sequential probability ratio test. The upper dotted line indicates a
rejection rate inconsistent with the lower 20% bound in the first 6 mo after transgpi:zntation, the lower
dotted line indicates a rejection rate inconsistent with the 40% bound, and the solid line indicates the
rate in ©N-01 study.
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Table 1.

Reasons for withdrawal from study

Acute Rejections

As noted above, 11 patients experienced 14 episodes of biopsy-proven acute rejection. The incidence of
acute rejection is shown in Figure 3. The 6-mo and 1-yr rates determined by Kagl:n Meier estimates
were 21.8 and 31.5%, respectively. Three of these episodes were identified in surveillance biopsies; 11
were classified as acute cellular, one as acute cellular/vascular, and one as acute and chronic rejection.
In 12 cases of rejection, the serum creatinine was <2.0 mg/dl at the time of diagnosis. One of the two
instances of rejection that were diagnosed with a creatinine >2.0 mg/dl was in the patient with chronic
rejection. Both patients with previous transyl:nts had pretransgplantation alloantibodies, and both had
acute rejection episodes. All rejection episodes were treated with Solu-Medrol pulses, and five also
received Thymoglobulin for persistent (n = 4) or concomitant (n = 1) vascular rejection. All episodes
responded to the treatment and resulted in stabilized or lowered creatinine concentration.s except for the
patient who had chronic rejection, who went on to lose her graft 2 mo later.
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