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Abstract

Background: Despite advances in surgical procedures andgtieization of
immunosuppressive therapies in pediatric livergpdantation, acute rejection (AR) and
serious adverse drug reaction (ADR) to tacrolintilliscentribute to morbidity and
mortality. Identifying risk factors of safety antfieacy parameters may help in
optimizing individual immunosuppressive therapiBsis study aimed to identify
peritransplant predictors of AR and factors relatethe risk of ADR to tacrolimus in a

large Latin-American cohort of pediatric liver tsqatant patients.
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Methods. We performed a retrospective cohort study indigidc liver transplant
population (n=72). Peritransplant variables werécted retrospectively including
demographic, clinical, laboratory parameters, gand@YP3A5 donor and recipients
polymorphism) and tacrolimus trough concentrati(@) over a 2-year follow-up
period. Variability in tacrolimus CO was calculatesing %CV and tortuosity. ADR and
AR-free survival rates were calculated by usingkaplan-Meier method, and risk
factors were identified by multivariate Cox regieasmodels.

Results: Cox proportional hazard models identified thafhiortuosity in tacrolimus CO
was associated with an 80% increased risk of ARz@rthratio, HR, 1.80; 95%
Confidence Interval (Cl), 1.01-3.22; p<0.05), wisteroid in maintenance doses
decreased this risk (HR, 0.56; 95% CI, 0.31-0.99.05). Forty-six patients
experienced at least one ADR including hypomagne&samphrotoxicity,
hypertension, malignancies, and tremor as a fishe Multivariate analysis showed
that CO values 10 days before the event (HR, B2% ClI, 1.21-1.39; p<0.0001) and
CYP3AS expresser recipients (HR, 2.05; 95% ClI, A%, p<0.05) were independent
predictors of ADR.

Conclusions: Tacrolimus CO values, its variability, and CYP3p&lymorphisms were
identified as risk factors of AR and tacrolimus ADRhis knowledge may help to
control and reduce their incidence in pediatrietitransplant patients. Prospective

studies are important to validate these results.

Keywords: tacrolimus; adverse drug reactions; acute reactnultivariate

analysis; pediatric liver transplant.
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Introduction

Optimal immunosuppressive therapy is a delicatariza between transplant rejection
and associated adverse drug reactions (ABR)acrolimus has become the cornerstone
in immunosuppression and is currently combined witltophenolate mofetil and
steroids, with or without the addition of an indootagent, to avoid acute rejection
(AR) in pediatric patients with liver transplantati. Notably, underexposure to
tacrolimus may result in low immunosuppressionilegdo AR. On the contrary,
tacrolimus overexposure puts patients at riskiferthreatening toxicity including
severe infections, hypertension, renal dysfunctast-transplant lymphoproliferative
disease (PTLD), neurotoxicity, and diabetésMonitoring the safety of medicines,
including a thorough analysis of reported ADR play®le in defining pediatric
medicines developméehf ADRs cause significant patient morbidity and ratity
counteracting the improvements in transplant satgicocedure$ °. Thus, therapeutic
drug monitoring (TDM) is routinely performed forjadting tacrolimus individual
requirements to account for the high variabilitytsypharmacokinetic® *

Despite close individual monitoring, ADR and AR sqades are still detrimental to the
patient’s quality of life. Limited information isvailable in the literature regarding the
causes of inter-individual variability in tacrolimpharmacodynamics in pediatric
patients, and particularly in Latin-American liveansplant patients' ** Specifically,
identification of risk factors for AR and ADR tod@limus may help in reducing the
frequency of complications after liver transplamat and hence minimize the risk of
graft loss, non-compliance, and de#ttPeritransplant factors including demographic,
clinical, laboratory parameters, CYP3A5 genotype @crolimus exposure have been

reported to impact immunosuppressive treatmentaffi and toxicity> ' However,
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findings have been inconsistent, and specificalbygenetic markers reliably predict the
development of AR or tacrolimus ADR in pediatriedi transplant patients.

In this context, we conducted a combined analgsaescribe the factors affecting both
outcomes in pediatric liver transplant patientsiclvimay help in optimizing individual
immunosuppressive therapies, and ultimately, pilmatient and graft survival. For all
mentioned, the aim of this study was to identifyippgnsplant predictors of AR and

factors related to the risk of tacrolimus ADR irdzric liver transplant patients.

Materialsand Methods

The present study is a retrospective, single-caeort study that was conducted at
Hospital de Pediatria JP Garrahan (Buenos Airegertina). The study was approved
by the institutional review board (Protocol #740)ritten informed consent was

obtained from parents or guardians.

Study population

The present study was originally intended to ewal@anew immunosuppressive
protocol in our hospital including the utilizatiof induction therapy to minimize the
administration of steroids in pediatric patientsowhceived the first liver
transplantation. This study is comprised of pagientiuded in a previous repbtt

Briefly, all children less than 18 years old at timee of transplant that received the first
liver allograft at Hospital de Pediatria JP GarrafBuenos Aires, Argentina) between
January 2010 and July 2012 were included. HospiRaBarrahan is a tertiary-care
center for pediatric patients with complex diseas@$the leading center for pediatric
liver transplant in Argentina. Exclusion criteri@ansisted of patients with less than 1

5
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month of survival, re-transplant, combined or muiiceral transplants and patients
without appropriate follow-up or non-compliant eatis as previously defin€d
Follow-up information was collected for 2 yearseaftransplantation for each included
patient. All data were collected from the medieaards, and a centralized database
with restricted access was generated. Eligibleeptgireceived a unique identification

number.

I mmunosuppression

Immunosuppression consisted of a low-dose tacraisaheme and induction therapy
as part of an immunosuppressive protocol implenteme010 as described
elsewher®?? Tacrolimus (0.1 mg/kg/day) was initiated 24 hoafter reperfusion,
administered in monotherapy, in association wignatls and/or with antimetabolites.
Mycophenolate mofetil (MMF) was added in those sasavhich tacrolimus reduction
was necessary; ata dose of 20-40 mg/kgfddpduction therapy was provided
depending on the availability of basiliximab at thi@ical center; it was administered at
10 to 20 mg doses at days 0 and 4 after transplamt&oncomitant drugs during
maintenance treatment (30 days post transplanjatiere sulfamethoxazole-
trimethoprim, magnesium supplements, omeprazolal(ipatients), acyclovir, and
additional antibiotics, as needed.

Cases of biopsy-proven AR were treated with stegpoide therapy consisting of 3-day
methylprednisolone (10 mg/kg/day,i.v.) and 30%-50%eased dose of tacrolimus
followed by weekly control&". For oral steroid maintenance treatment, predeistose
was administered and decreased to 1.25 mg/kg/t#ye discretion of the treating

physician®" %



143  Outcomes and variables

144  Data were collected retrospectively from the mddieeords, and the events of interest
145 included biopsy-proven AR informed by histopathgl@md tacrolimus-related ADR.
146 AR was listed as occurrence of acute cellular tejaaequiring specific treatment at
147  any time after transplant. Liver biopsies in thedgtpopulation were performed in the
148 context of clinical suspicion of AR. Rejection wasspected when a 50% or greater
149 increase in liver enzyme activities was observeathaas graded as mild, moderate, or
150 severe depending on the Banff classification sey&ti

151 Adverse events are defined as all the events obdetwring drug exposure, whereas
152  ADR imply a causal relationship to the dréfydhe most frequent and severe ADR to
153 tacrolimus were recorded, including hypomagnesenagphrotoxicity, hypertension,
154 PTLD, and tremof" ® %" We registered tacrolimus ADR in line with prevéou

155  definitiong '3 in agreement with the Medical Dictionary for REgary activities

156  (MedDRAY® *and organized according to the System Organ C8G€)

157 classification and preferred terms. Before searerere performed, a detailed medical
158 understanding of the ADR was conducted. Clinicigndgment remains the first and
159 indispensable step to identify and assess an ADBrefore, ADRs were discussed in
160 the weekly multidisciplinary meetings of the Depaent of Liver Transplantation, and
161 ADR diagnoses were confirmed by the physician iargh after excluding other clinical
162 or pharmacological causes and drug—drug interaxtoth azoles, macrolides, and

163 calcium channel blockers (nifedipine) or anticoauits (phenobarbital and phenytoin).
164 ADRs were evaluated using the Adverse Drug Rea®iobability Scale (Naranjd}.

165 Incidence of ADR and AR was calculated as the fiagioveen the number of first cases

166 (ADR or biopsy-proven AR) and the initial populatiexposed to tacrolimus.
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Several peritransplant and post-transplant varsabiere studied includingemographic
characteristics: age, weight at transplant, sex, and primary diagntransplant

features: type of graft (partial graft from a living or degsed donor vs. a whole graft
from a deceased donor), type of donor (deceasdi/ivg donor), and days post
transplantationbiochemical values. magnesemia, hemoglobin, hematocrit, aloumin,
serum creatinine, uremia, total bilirubin, liventition tests as Aspartate
Aminotransferase (AST), Alanine transaminase (Alalkaline phosphatase (ALP),
and Gamma-glutamyl transpeptidase (GGT) activitiksical status. Epstein bar virus
(EBV) and cytomegalovirus (CMV) infections, sepsiad deathgenotyping:
CYP3A5*3 polymorphism in donors and recipiefitsn addition, we registered
concomitant immunosuppressive agents such as ieduadministration with
basiliximab, steroid maintenance (at least 30 ccutsee days), azathioprine, MMF,
and sirolimus. Other concomitant drugs registeredevazoles, macrolides,
anticonvulsants, and calcium channel blockers.

Regarding tacrolimus pharmacolqgiye dose and the dose-normalized trough
concentrations (C0/D) were evaluated. Both the aredalue of tacrolimus trough
concentrations in the 7 to 10-day window time ptethe occurrence of an ADR or AR
and the median value during the last month of fellg for those patients who did not
present an event of interest were calculated. Eurtbre, different measures of
tacrolimus CO variability were obtained and dessdlilas follows:

a) Tortuosity was defined as the ratio betweerdahgths of the observed values and
the straight line that joined the initial and firddservation obtained from the collected

CO0. The value expressed as the median of tortu@sitiosity = 1.10) was used as the



190 cutoff point to categorize the population in hightaosity £1.10) and low tortuosity
191 (<1.10). Tortuosity has been broadly used to repriesariability in clinical studie®>*
192 b) Percent coefficient of variation (%CV).

193

194  Tacrolimus monitoring and CYP3A5 genotyping

195 Tacrolimus trough concentrations were quantifiedgighe chemiluminescent

196 microparticle immunoassay (Architect® Abbott, Clgoall, USA). Whole-blood

197 quality controls (Lyphochek® Whole Blood Immunosuggsant, Bio-Rad, Irvine, CA,
198 USA) were daily assessed for assay acceptancedihan, specimens were routinely
199 assessed as part of an international proficierstyntg program for the external quality
200 control of tacrolimu¥. Total imprecision was less than 8% and qualityte® values
201 lied in the range of +/- 2 SD. Subsequently, taoros doses were adjusted according to
202 trough blood levels, liver and kidney function, &a8V/CMV viral load. Tacrolimus
203 CO target levels in the first 6 months were 7-8mgfuring the next 6 months 5-7
204 ng/ml, and 5 ng/ml after the first year post trdasfation.

205 CYP3A5 (CYP3A5*1/*1, CYP3A5*1/3 or *3/*3 genotypepplymorphisms were

206 assessed in post-transplant liver biopsies (dossue) from transplant recipients.

207 Genomic DNA extraction from blood and formalin-fckeparaffin-embedded (FFPE)
208 samples was carried out by QIAamp DNA Blood Mind&@lAamp DNA FFPE kits
209 (QIAGEN, Hilden, Germany). CYP3A5*3 polymorphism svdetected by PCR using
210 specific primers and direct sequencing (ABi3500pkgd Biosystems, Foster City, CA,
211  USA).

212

213
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Samplesize

The minimum sample size to detect the differende/éen groups of patients with and
without AR or tacrolimus ADR was estimated with 8@%wer, a significance level of
0.05, a 20% effect size based on clinical criteara] a proportion of 0.6 of patients with
AR or ADR. Thus, the minimum sample size would Bepatients with at least 25

developing an AR or developing a confirmed tacrosm\DR.

Statistical analysis

The influence of factors on the first developmeiB and the first development of
ADR was studied using univariate unadjusted Kapleier log-rank test. Factors
significant at a p-value of 0.2 in the univariategsis, clinical relevance, and
biological plausibility were tested in the multiete model. Multivariate Cox
proportional-hazards regression models were olddiyea stepwise forward approach
followed by a backward elimination procedure toamtthose risk factors that were
significant at a p-value of <0.05. Hazard ratioR@ji<1 and >1 were considered as
significant protective and risk factors, respedtivéVe tested age as a potential
confounding factor in the multivariate model. Moreg interactions between variables
in multivariate analyses were tested using theStjuare Test.

The proportionality criteria of the final models meverified using the Martingale
residue method.

To determine the predictive power of the variabtesgiver-operating characteristic
(ROC) curves were developed. The area under tleévirg operating characteristic

curve (AUROC) was considered a useful predictmasies greater than 0.7. The

10
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sensitivity and specificity were defined with thetaff value that showed the highest
sensitivity with the lowest “1-specificity” values.

Hardy—Weinberg equilibrium was assessed using igleeFexact test in the
“SNPassoc” package (R package version 1°8-Zhe most probable CYP3A5
haplotype in each DNA sample was inferred usinghtiqgo.stat R package (R package
version 1.7.%.

Statistical analysis and graphs were performedguRiBtudio Version 0.99.486 — ©

2009-2015, Iné®.

Results

In total, 89 patients were considered for inclusi@atients were excluded due to a
survival shorter than 1 month (n=5), unavailableica records (n=4), re-
transplantation during the first month post-surgery2), and non-adherence as
previously defined (n=6)Rigure 1). Therefore, 72 patients were finally includedhe
analysis. The demographics, laboratory paramedadsclinical characteristics of the
included patients are shownTable 1.

From the total study population, 56 recipients &8alonors were genotyped for
CYP3A5 polymorphisms as 16 and 14 genotyping data fecipients and donors,
respectively, were missed due to limited amourl@NA or not available FFPE liver
tissue Figure S1, http://links.lww.com/T DM/A245). Distribution of genotype of
CYP3AG5 by recipient-donor combination is depicted able S1,
http://linksIlww.com/TDM/A245. The genotype frequencies of the CYP3A5

polymorphism did not deviate from Hardy—Weinbergiélgrium (p>0.5).
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Tacrolimus ADR and AR experienced by the includatigmts as first event related to
their time of presentation are showriliable 2. The most frequent ADR were
hypomagnesemia and nephrotoxicity, which mainlyetigyed during the first month
after liver transplantation. The observed ADR imcide was comparable to that
previously reported by others, also in pediatiielitransplant patienfd. In addition,
the 12-month AR-free survival in the study groupwa.4% (95% CI, 30.1-53.1%),
comparable to that reported in a pediatric livangplant population in North

America’.

Factors linked with AR

A total of 47 AR episodes were registered in tl®¥o-up period. Of the potential risk
factors for rejection analyzed in the unadjustedraniate model, factors significant at a
p-value of 0.2 and clinically and biologically piahble were tacrolimus CO in the 7 to
10-day window before the onset of AR, tacrolimushiifh tortuosity ¥1.10), and
concomitant administration of steroids in maintergadosesTable S2,
http://links.lww.com/TDM/A245). Unadjusted Kaplan-Meier curves for AR-free
survival according to the use of steroids and {anws CO tortuosity are depicted in
Figure 2A and 2B, respectively. Nonetheless, no significant relatmpdetween the
risk of AR and patient/donor CYP3A5 genotype, %o@Macrolimus CO levels, patient
age at transplant, body weight, and induction tneaitt with basiliximab could be
identified (p>0.05).

The final multivariate Cox model showed significassociations between AR and the
administration of steroids in maintenance doses\yeao: HR, 0.56; 95% CI, 0.31-
0.99; p=0.049) and the tacrolimus concentratiombdity expressed as high tortuosity

12



284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

(high tortuosityvs low tortuosity: HR, 1.80, 95% CI, 1.01-3.22; p=06) (T able 3).
When controlling for age as a potential confountiez,relationship between steroids
and tortuosity with development of AR remained atiafly the same as the one
observed in the final model.

Finally, the incidence rate of AR in the time ptyahsplantation was depictedfigure
3A according to the different scenarios presentedl&sifs:

a) Without steroids and low tortuosity

b) Without steroids and high tortuosity

c) With steroids and low tortuosity

d) With steroids and high tortuosity

Steroids reduced the AR risk, while tortuosity emsed it. The most unfavorable
situation (b) presented an almost doubled incideatzof AR compared to the most
favored group (c) during the first. 3 months aftansplantationKigure 3A). Although
there was no significant difference in AR incidemnt¢he first 3 months post
transplantation, there is a clear trend in thecef®é steroids and tortuosity on AR. For
all the groups, the incidence of AR declines atterfirst 3 months. Moreover, no
significant difference in AR rate among groups waseoved between 3 and 24 months

post transplantation.

Factors related to tacrolimus ADR

A total of 46 ADR as first event were observed dgithe study period. Of the potential
risk factors for ADR analyzed in the univariate mbdignificant associations were
observed with tacrolimus CO in the 7 to 10-day windefore the onset of the ADR,
recipient CYP3AS5 polymorphism, %CV of tacrolimus,@atient age, concomitant

13
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administration of immunosuppressive drugs, patxay weight, and high tortuosity
(Table S2, http://links.lww.com/TDM/A245). All significant factors identified in the
univariate analysis increased the risk of the dgwalent of ADR except for the use of
concomitant immunosuppressive drugs, such as Migikth#prine, or sirolimus, which
reduced the risKi{able S2, http://links.lww.com/TDM/A245).

Factors that were independent predictors of taoudi ADR identified and retained on
the multivariate analysis included tacrolimus C@he 7 to 10-day window prior to the
event (HR, 1.25; 95% CI, 1.12-1.39; p<0.0001) dredrecipient polymorphism of the
CYP3AGS (expressenss non-expressers: HR, 2.05; 95% CI, 1.03-4.06; p4D.Qrable
3). When controlling for age as a potential confaemdhe relationship between
recipient CYP3A5 expression and tacrolimus exposutte development of ADR
remained essentially the same as the one obsertkd final model.

Taking into account the association between taongdi CO values and the incidence of
tacrolimus ADR, a threshold was estimated using R@D&lysis. Interestingly, a value
of tacrolimus CO in the 7 to 10 days prior to threrg higher than 7 ng/ml best
described the population at risk of ADR (AUROC=0.86% CI, 0.69-0.91)Higure
4A).

ADR-free survival was significantly lower in the ®8A5 expresser group as depicted
in the unadjusted Kaplan-Meier cursadur e 4B), which was supposed to receive
higher tacrolimus doses secondary to a higheraea: In relation to this finding,
recipients CYP3A5 expressers required a mediamgé@atacrolimus dose 33% (4-56)
higher than non-expressers depending on the psdglant period. Ikigure 5A and
5B, tacrolimus doses and dose-normalized tacrolinfusf@YP3A5 expressers
(CYP3A5*1/*1 and CYP3A5*1/*3 patients) and CYP3Abmexpressers

14
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(CYP3A5*3/*3) are shown as geometric means with 95Ptor each period after liver
transplantation up to 2-year follow-up. As expectadrolimus doses were significantly
higher in recipient CYP3A5 expressers than non-esg®rs in most time periods
(p<0.05), and therefore, a higher requirementssaated with a higher risk of ADR.
Tacrolimus CO in the 7 to 10-day window prior te thDR was categorized as high
exposureX7ng/ml) and low exposure (<7ng/ml) to tacrolimusdzhon the median
value. Therefore, according to the expression aprent CYP3A5 and tacrolimus
exposure, the incidence rate of ADR was depicte@dch of the four possible
situations Figure 3B):

a) Non-expresser recipients and low exposure

b) Non-expresser recipients and high exposure

c) Expresser recipients and low exposure

d) Expresser recipients and high exposure

Although there was no significant difference in theidence rate among the groups,
there is a clear trend in the effect of CYP3AS5 tawfolimus CO concentrations on
tacrolimus ADR. Both factors increased the rislA®R development; therefore, the
most unfavorable situation (d) presented almost fimes the incidence of ADR
compared to the most favorable group (a) durinditee3 months post liver
transplantation as shown kiagure 3B. Detailed ADR are depicted able S3,

http://links.lww.com/T DM /A245.
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Discussion

The present analysis represents the largest sfudgtors associated with the
development of AR and tacrolimus ADR in pediativet transplant patients in Latin
America. Besides the identification of significdattors associated with AR and ADR,
several important observations have been madegstindy that could contribute to
prevent these events, which increase morbidityraadality of pediatric liver
transplant patients.

Long-term evidence to date in children with liveartsplantation suggests that
tacrolimus is effective in preventing acute andbciic rejectiofl. AR is a common
complication, occurring in as many-as half of tleeiptric liver transplant patients
within the first six postoperative wee®s*® Therefore, identifying risk factors in
association with AR is important to control itsishence and to increase AR-free

survival.

Risk factorsfor AR

In our study, steroids have a significant negatisgociation with AR, while high
variability in tacrolimus trough concentrations ggated a positive association with AR.
Specifically, patients who received immunosuppraestherapy with steroids secondary
to renal impairment, elevation of hepatic enzynrestber medical conditions, showed
a significantly decreased risk of AR with respecpatients without steroid therapy.
Since 1980, oral prednisone and prednisolone d¢atesthe backbone of most induction
and maintenance immunosuppressive regimens in a@ah transplantation to avoid
AR*®* Steroid exposure has been shown to determinaphefficacy, as evidenced
by corticosteroid withdrawal studies where transptajection became more likely in

16



377 patients in whom prednisolone/prednisone was mieghior removed® *3 New

378 protocols of immunosuppression in pediatric traagppatients consist of corticosteroid
379 withdrawal or even complete avoidance of its adstiation in an effort to reduce the
380 potential risk of adverse events, namely reduced/yr rate related to long-term steroid
381 therapy™ ** Despite many studies presenting a comparablerd&survival rate

382 between adult liver transplant patients with s@s@nd with steroid minimization or
383 avoidance without basiliximab, scarce studies iigteic liver transplant patients are
384 available”™ ** *“and further studies are needed to determine thérfite of steroids in
385 this clinical setting.

386 Fluctuations in tacrolimus blood concentrationsrdirae may result in both excessive
387 and insufficient immunosuppressith® In the included cohort of patients, tacrolimus
388 trough level variability expressed as tortuositysvaarisk factor for the development of
389 AR. Our results are consistent with previous reptirat showed an association between
390 high standard deviation values in tacrolimus C8,ititreased risk of AR and graft

391 failure in pediatric solid organ transplant pat#htMoreover, in a pediatric renal

392 transplant population, it was shown that patienth late AR presented higher percent
393 coefficient variation (%CV) of tacrolimus CO levelsan those free of the event.

394 Interestingly, tortuosity is proposed by our gr@gpa new parameter to describe the
395 variablility in CO levels related to the incidendeAd.

396 The high AR rate described by our study was intatgidiscussed by the transplant

397 team at our institution. Previous results repobtgdig et al®’

in an American pediatric
398 liver transplant population also described a comiplar AR incidence. Nonetheless, we
399 wanted to evaluate the factors that may explamhigh rate. It has been previously

400 reported a significant association between theafskR and the administration of

17
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424

induction treatment™ 1" ** 47 age and primary diagnos®in pediatric and adult liver
transplant patients. These factors were analyzedrirstudy population, but no
significant association was found. The final mdtrate model included in the present
analysis retained administration of steroids asoéeptive factor and tacrolimus trough
concentrations variability as a risk factor for AR identifying these both covariates as
significantly related to AR development, currertttg multidisciplinary team of liver
transplantation at our hospital is actively workorgcontrolling tacrolimus variability
and optimizing immunosuppressive therapy so asegwegnt AR. Further studies are
being carried out for reassessment of the rateRofrAaccordance with all the variables
considered in this study, with special emphasisteroids administration and
tacrolimus variability.

Some of the risk factors associated with AR regbelsewhere were not found to be
significant in our multivariate analysis. In coneiscy with the results presented here,
other authors did not observe an association betteeexpression of CYP3A5 and
biopsy-proven AR®.

Conflicting data with regard to the associationAmn tacrolimus blood concentrations
and AR in-adult liver transplant patients have begrorted™ *° In our study,

tacrolimus CO levels in the 7 to 10-day window befthe onset of AR was not retained
in the final model, in line with previous resutfs

Immunosuppression with interleukin-2 receptor aotegt antibodies is accepted in
adults, and its first use in pediatric solid orgamsplantation has yielded remarkable
resultd” ** The incidence of AR has been shown to be sigmitly lower in pediatric
liver transplant recipients receiving inductionrdqey compared to those free of
basiliximab®%. Nonetheless, it was not possible to demonstratgréficant protective
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effect of basiliximab against the development of iARhe present study population. A
possible explanation may be related to differemet®/een the immunosuppressive
regimen used by others and olfr$2 Altogether, the administration of induction
therapy should be reconsidered as part of the inswppressive protocol in our
hospital, and further studies are encouraged feeb®rmed to confirm the role of
basiliximab.

Organ shortage has become a problem that hasremjgee development of innovative
surgical techniques, such as the split liver metladi the use of living donors to try to
alleviate this problem and expand donor supply. €udy showed no significant
association between the type of donor (decegsdive related) or type of graft
(completevs. technical variant) and AR-free survival, whichane that donor supply

possibilities are wider.

Risk factorsfor tacrolimus ADR

The potent immunosuppression provided by tacroliangits specific side effects
influences the long-term patient and graft survivdlhe most frequent ADR including
nephrotoxicity and hypomagnesemia developed duhiedirst month after liver
transplantation. A positive association was obsgehetween recipient CYP3A5
expression and tacrolimus CO levels in the 7 taddpwindow with the incidence of
ADR in line with previous reports >

There is controversy regarding the relationshipveen CYP3A5 genotype and the risk
of tacrolimus ADR. Interestingly, some authors hawefound a significant association
between CYP3A5 genotype and nephrotoxititgr even found a lower risk associated

with the CYP3A5+1 allel€*. On the other hand, others described a higheofisk
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histologically confirmed chronic tacrolimus neploxcity in CYP3A5*1 carriers than

in non-expressers. CYP3A5 expressers may produce more metaboliggsrbn-
expressers with nephrotoxic effects, increasingribelence of tacrolimus ADR events
as observed in our stud$ >° Specifically, CYP3A5 expression augments intesfin
renal, and liver tacrolimus clearance and redusdsioavailability. In CYP3A5
expressers, higher doses of tacrolimus are reqgtoradhieve blood concentrations
within the therapeutic range. In consequence, sesritb@d by others, dose-normalized
tacrolimus CO levels were significantly lower intipats expressing CYP3A5 (either
donor or recipient) than non-expressing transpiatients'. In agreement with data in
pediatric renal transplant patienfswe found that CYP3AS5 recipient expressers require
a median dose 33% higher than non-expressers amat adequate trough
concentration.

Most frequent ADR described in this study weretsglao tacrolimus CO concentrations

7 to 10 days prior to those endpoints as reporyeatters*® >’

reinforcing the role of
TDM in the individualization of immunosuppressiveetapy. Based on ROC analysis,
tacrolimus levels higher than 7 ng/ml predict teeelopment of ADR, a close value to
that previously reported by Staatz et al., who sstgf a target tacrolimus CO of 6
ng/ml to minimize toxicity”.

Some of the risk factors that have been citedenlitarature were not found to be
significant in our multivariate analysis but weilgserved as significant factors
identified in the univariate analysis and are waliftussing. Previously, we observed
that younger patients (under 1.3 years old) preselotver risk of ADR than older

patients. Young children have a lower tacrolimuwsbailability secondary to a higher

hepatic drug metabolism and an increased intedtnstdpass metabolism that decreases
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with age®® > Despite age not being included in the final nvaltiate model, as we
informed beforé?, younger children have lower incidence of ADR irr study and this
should be considered in future studies in ordeottfirm the effect of this factor on
tacrolimus ADR.

We observed that concomitant immunosuppressivesdugge negatively associated
with the occurrence of ADR, and this is in accoawith a synergistic
immunosuppressive effect, which allows lower taonak dosages.

Finally, there is a good agreement in the tren@/@en incidence of AR, ADR and
significant risk and protective factors retainedha present Cox-proportional hazard
model. This information is important in designinggrams toward management of
tacrolimus ADR and AR.

Our study has certain limitations. First, this sthds the same limitations that apply to
all retrospective descriptive studies and has tadi@owledged. Second, the area under
the curve (AUC) of tacrolimus blood concentratigntime is the best marker of
systemic exposure to tacrolinfisHowever, in pediatrics, tacrolimus therapeutic
monitoring is based on monitoring trough conceiurat (CO}*. Third, regarding the
analytical assay for tacrolimus quantitation indalcsamples, we have to acknowledge
the limitation of working with an immunoassay doectoss-reactions with tacrolimus
metabolites. Mass spectrometric methods are ordifadle in a limited number of
private clinical centers as shown in a nationayeurconducted by our group, and thus,
iImmunoassays play a major role in the routine aslyf immunosuppressant drugs in
our country*. Despite previous reports showed a significantetation between
chemiluminescent microparticle immunoassay (CMIAJ dquid chromatography
tandem mass spectrometry (LC-MS/MS) methods, thetaatial cross-reactivity of
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CMIA with active and non-active tacrolimus metabegdi may account for a positive
bias of the immunoassay method to LC-MS/MS. Thk tdanalytical specificity of
CMIA may be of particular importance in transplaatients with liver dysfunction
(e.g., severe cholestasis) that have shown angegertional increase in the
concentration of certain metabolites with respeche tacrolimus trough
concentratior. Thus, our results must be interpreted with cautitde also have to
acknowledge that Naranjo algorithm is not speddrdmmunosuppressive therapy and
transplant patients. There are multiple methodsi$sessing the causality of suspected
ADR®3, Although all published algorithms are operaticeradl relatively easy to use,
none has been universally accepted as a gold sth¥id¥ due to well-known
limitations™ ®> " However, Naranjo algorithm remains commonly usedhe cause-
effect assessment of suspected ADR in case regudtebservational studies perhaps
due to its relatively simple applicati6h’”. We also acknowledge that despite all
efforts, some tacrolimus ADR could have been misseejected due to
misinformation. For instance, diabetes post traargpktion was not confirmed by our
clinical reports. Finally, the brand of tacrolimiiograf®, Astellas Laboratory, Ireland
or Tacrolimus Sandoz®, India) that patients readiatter July 2013 depended on the
provision of the National Organ Procurement Prograhnis Program supplies, free of
charge, to those patients who are in need, witlintineunosuppressant drug product
depending on the winning bid established by theeguwent. Although we do not have
the reliable registry of the brand that patienteneed, tacrolimus TDM in pediatric
transplant patients undergoing immunosuppressdnstitution is essential to ensure
safety and efficacy of the immunosuppressive treatpas previously reported for this
populatiorf. All patients had close clinical and pharmacolaginonitoring of
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tacrolimus, with dosage adaptations when requimezhsure similar exposure if

substitution occurred.

Conclusion

In conclusion, the present study is the first tantifies factors related to the safety
and efficacy of immunosuppressive treatment witlhaiimus in the largest cohort of
pediatric liver transplant patients in Latin AmexiSince tacrolimus remains as the
cornerstone of immunosuppressive treatments, thsization of the therapy with this
calcineurin inhibitor is of great importantéTherefore, Cox models were built to
explain the development of AR and ADR using pretigfariables. Further studies in

larger cohorts of pediatric patients should vakdéke present observations.
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Figurelegends

Figure 1. Flow diagram detailing inclusion and exclusiontemia for pediatric liver
transplant patients.

Figure 2. Unadjusted Kaplan-Meier curves for acute rejectree survival according
to (A) the use of steroids and (B) tortuosity inrtdimus trough levels.

Figure 3. Incidence of acute rejection according to the a@stision of steroids and
the tortuosity (A) and incidence of adverse drugrtiens according to the recipient
CYP3AS5 expression and tacrolimus CO values (B).

Abbreviations (A) m without steroids and high tortuosity; ¥ with steroids and high
tortuosity; @ without steroids and low tortuosity; A with steroids and low tortuosity;
(B) ¥ recipient CYP3AS5 expressers and tacrolimus C0O >7 ng/ml; m recipient CYP3AS
non-expressers and €0 ng/ml; A recipient CYP3AS expressers and CO <7 ng/ml; e:
recipient CYP3A5 non-expressers and CO <7 ng/ml.

Figure 4. Receiver operating characteristic (ROC) curve &ardlimus CO values (A)
and Kaplan-Meier curve for tacrolimus drug reacticge survival according to the
recipient CYP3A5 genotype (B).

Figure 5. Dose (A) and dose-normalized tacrolimus trough eatrations (B) of
CYP3AS expressers (CYP3A5*1/*1 and CYP3A5*1/*3 imdiuals) and non-
expressers (CYP3A5*3/*3).

Abbreviations. CO: tacrolimus trough concentrations (ng/ml).

Values are expressed as geometric means. Thebanorepresent the corresponding

95% confidence intervals. *p<0.05
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Table 1. Demographics and relevant medical history (n=72)

Characteristic/Parameters Results
Totd subjects 72

Age (years)® 5.3(5.4)
Gender (females/males) 45/27
Weight (kg)® 21.0(18.9)
Type of donor (deceased/living) 53/19
Follow-up time (months)® 20.1(7.8)
Graft type: complete/technical variant 26/46

Primary diagnosis

Biliary atresia

Fulminant liver failure

Cholestaticcirrhosis’

Hepatic cirrhosis: autoimmune and cryptogenic
Malignancies®

Metabolic diseases; Metabolic Liver Failure

Number (%)

29 (40.3)

14 (19.4)

7(9.7)

12 (16.6)

7(9.7)

3(42)

I mmunosuppressive ther apy
Basiliximab

Tacrolimus

Prednisone (1.25-3.75 mg/kg/day)
MycophenolateMofetil (20-40 mg/kg/day)
Azathioprine

Sirolimus

Number (%)

52 (72)

72 (100)

40 (56)

34 (47)

6 (8)

5(7)




Death 5(7)

Liver function and blood parameters Mean (SD)
AST (UI/L) 92.9 (176.5)
ALT (UI/L) 127.0 (171.8)
GGT (UI/L) 233.1 (280.2)
Tota bilirubin (mg/dl) 2.1(4.6)
Direct bilirubin (mg/dl) 1.8(4.1)
Albumin (g/dl) 3.6 (0.7)
Hematocrit (%) 31.7 (4.9)
Renal function

Serum Creatinine (mg/dl) 0.4 (0.2
Urea (mg/dl) 40.4 (24.4)

& Data are expressed as mean (standard deviation).

P Including Alagille syndrome, congenital hepatic fibrosis, sclerosing cholangitis.

¢ Including hepatobl astoma and hepatocel lular carcinoma.




Table 2. Tacrolimus adver se drug reactions and acute r g ection incidence with the

observed time of presentation in the study population

Adverse drug reactions Incidence (%) Time of presentation, days
Median (range)

All first adversedrug 46 (64) 26 (4-540)

reactions

Hypomagnesemia 29 (40.3) 26 (6-187)

Nephrotoxicity 11 (15.3) 24 (9-301)

Hypertension 3(4.2) 37.(20-99)

PTLD 2(2.8) 403 (267-540)

Tremor 1(14) 4

Acuteregection 47 (65.3) 43 (2-582)

Abbreviations: PTLD, post-transplant lymphoproliferative disease



Table 3. Multivariate analysis of risk factorsfor acuterejection and adverse drug reactions

Acute Regjection (n=47)

Factor Hazard Ratio (95% CI) p
Steroids (Yesvs No) 0.56 (0.31-0.99) 0.049
Tortuosity (high vslow) 1.80 (1.01-3.22) 0.046

Adverse drug reactions (n=46)

Factor Hazard Ratio (95% CI) p
CYP3A5 R (expresser s vs non-expr essers) 2.05 (1.03-4.06) 0.041
CO (ng/ml) 1.25(1.12-1.39) <0.0001

Abbreviations. Cl: confidence interval;CY P3A5 R: recipient CYP3A5 polymorphism; CO:
median tacrolimus CO in the 7 to 10-day windowprior to the occurrence of the adverse drug
reaction or the median value during the last month of follow-up for those patients who did not

present an event of interest; high tortuosity: tortuosity >1.10; low tortuosity: tortuosity <1.10.




Figure 1

Total pediatric Iiver transplant patients
Between 1/2010 and 6/2012 (n=89)

Excloded patients (=17}

Survival shorter than 1 month (n=5)
Unavailable medical records (n=4)
Re-transplantation during the first month
post-surgery (n=2)
Non-adherence (n=6)

[ Included patients (n=72) ]
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Figure 3
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Figure 4
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Figure 5
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