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Abstract

Object ive:  Create a model to predict  the risk of acute rej ect ion of kidney t ransplant  considering 

variables relat ed t o t he immunosuppressant  agent  used,  t he receiver,  t he donor,  and t he 

t ransplanted organ.

Methods:  Cohort  study in a populat ion of 68 pat ients with kidney t ransplants being t reated with 

tacrolimus t riple therapy. Predict ing the risk of acute rej ect ion was carried out  with a logist ic 

regression analysis using age, sex, ret ransplant  status, number of  HLA incompat ibil it ies, cold 

ischaemia t ime,  acut e t ubular necrosis,  induct ion wit h basi l iximab or t hymoglobul in,  and 

t reat ment  t ype as explanat ory variables.  The cont r ibut ion of  variables associat ed wi t h 

determining the blood concent rat ion of tacrolimus was also evaluated; these variables include 

the average blood concentration, the number of values below and included in the pre-deined 
therapeut ic interval, and the t ime during which those values remained within that  interval.

Result s:  The logist ic regression analysis indicates that  the risk of acute rej ect ion depends on the 

acute tubular necrosis (OR=3; 95% CI, 0.7-13.2) and on the t ime that  the blood concent rat ions 

of tacrolimus remains within the therapeut ic interval (OR=0.8; 95% CI, 0.7-0.9).

The inal model presents an optimal discrimination power (AUCROC=77%; 95% CI, 62-92). For the 

selected cut -off point  (probabilit y #>0.24) the model shows a sensit ivity of 83% (95% CI, 74-90) 

and a speciicity of 71% (95% CI, 61-80).
Conclusions:  In pat ient s wit h kidney t ransplant s,  t he presence of  acut e t ubular necrosis, 

together with the t ime the blood concentrat ion of tacrolimus remained within the predetermined 

therapeutic interval, permitted the identiication of patients with a higher probability of having 
an acute rejection episode during the irst two weeks following the transplant.

© 2008 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

A kidney t ransplant  is t he t reatment  of  choice for certain 
pat ient s wi t h t erminal  chronic kidney di sease,  as i t  
improves t heir qual it y of  l i fe and decreases mort al it y.  In 
Spain,  The number of  kidney t ransplant s has increased 
signiicantly, reaching a number of 2212 transplants in the 
year 2007. 1 Af ter a kidney t ransplant ,  if  t he donor and the 
recipient  are not  genet ically ident ical,  the immune system 
of  t he recipient  recognises t he t ransplant ed organ as a 
f oreign el ement ,  t r i gger i ng an immune response of 
rej ect ion against  t he new organ cal led acut e rej ect ion. 
The response of  acute rej ect ion,  principal ly mediated by 
cel lular  immuni t y,  usual ly t akes place dur ing t he f i rst  
mont h af t er t he t ransplant 2 and i t  wi l l  predict  whet her 
there wil l be a chronic rej ect ion or not ,  compromising the 
survival  of  t he graf t  in t he long t erm. 3 The obj ect ive of 
immunosuppressive t herapy is t o cont rol  t he immune 
response against  the t ransplanted organ; in this way, with 
the new immunosuppressant  drugs, the incidence of  acute 
rej ect ion have decreased in the last  few years, represent ing 
between 20% and 25% depending on the immunosuppressant  
scheme. 4 At  present ,  t he immunosuppressant  regime is 
based on a t riple t herapy formed by t he associat ion of  a 
calcineurin inhibi t or,  a cel lular division inhibi t or or an 
inhibitor of  the mTor protein or a cort icosteroid; it s aim is 
t o obt ain an addi t i ve ef f ect ,  t hat  wi t h t he post er ior 
progressive reduct ion of  the doses, minimizes the inherent  
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Resumen

Obj et ivo:  Const ruir un modelo para predecir el riesgo de rechazo agudo al t rasplante renal con-

siderando variables relacionadas con el t ratamiento inmunosupresor instaurado, el receptor, el 

donante y el órgano t rasplantado.

Mét odo:  Estudio de cohortes en una población de 68 pacientes con t rasplante renal en t rata-

miento con tacrolimus en t riple terapia. La predicción del riesgo de rechazo agudo se realizó 

mediante un análisis de regresión logíst ica ut ilizando como variables explicat ivas la edad, sexo, 

presencia de ret rasplante, número de incompat ibilidades HLA, t iempo de isquemia fría, necro-

sis tubular aguda, inducción con basiliximab o t imoglobulina y t ipo de t ratamiento. También se 

evaluó la cont ribución de variables asociadas a la determinación de la concent ración sanguínea 

de tacrolimus, ent re ellas la media de la concent ración sanguínea, el número de valores por 

debajo e incluidos en el intervalo terapéutico predeinido, y el tiempo que dichos valores per-
manecían en las condiciones referidas.

Result ados:  El análisis de regresión logíst ica indica que el riesgo de rechazo agudo depende de 

la necrosis tubular aguda (odds ratio [OR] = 3; intervalo de conianza [IC] del 95 %, 0,7 a 13,2) y 
del t iempo que las concent raciones sanguíneas de tacrolimus permanecen dent ro del intervalo 

terapéut ico (OR = 0,8; IC del 95 %, 0,7 a 0,9).

El modelo inal presenta un poder de discriminación óptimo (AUCROC: 77%; IC del 95%, 62 a 92%). 

Para el punto de corte seleccionado (probabilidad igual o superior a 0,24) el modelo presenta una 

sensibilidad del 83% (IC del 95%, 74 a 90%) y una especiicidad del 71% (IC del 95%, 61 a 80%).
Conclusiones:  En pacientes con t rasplante renal, la presencia de necrosis tubular aguda j unto al 

t iempo de permanencia de las concent raciones sanguíneas en el intervalo terapéut ico de tac-

rolimus predeterminado, permiten la identiicación de pacientes con mayor probabilidad de 
aparición de un episodio de rechazo agudo durante las primeras 2 semanas post rasplante.

© 2008 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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t oxi ci t y of  t hi s t reat ment  i s achieved. 5 The nar row 
therapeut ic index of  the inhibitors of  calcineurin together 
wi t h i t s complex pharmacokinet i c behaviour  and i t s 
elevated variability between and within individuals, deine 
t he charact erist ics t hat  i t s pharmacokinet ic monit oring 
requi res t o individual ise t he dose according t o blood 
concent rat ions and therefore,  opt imise the dosage. Thus, 
various authors have conirmed the association between 
inf ra-t herapeut ic blood concent rat ions of  cyclosporine, 6 
t acrol imus7 or  mycophenolat e mofet i l 8 and t he r isk of 
suf f er ing an acut e rej ect ion episode.  In addi t ion,  i t  is 
necessary t o know and cont rol  diverse fact ors t han can 
l ead t o an increase in t he int er  and int ra- individual 
variabil it y of  t he kinet ic behaviour of  t hese drugs,  among 
them, the presence of genetic variability that inluences 
t he bioavailabil i t y and t he met abol ism,  pharmacological 
interact ions,  degree of  kidney and l iver funct ionalit y,  t he 
gender and age of  t he pat ient s,  among ot her fact ors.  In 
addi t ion t o t his,  t he r i sk of  acut e rej ect ion not  onl y 
depends on the dosage variables of the immunosuppressant  
t herapy,  but  i t  is also inf luenced by di f f erent  cl inical 
variables t hat  depend on t he recipient ,  t he donor or t he 
t r anspl ant ed or gan i t sel f ,  such as age, 9 gender, 9 
immunol ogi cal  compat ibi l i t y, 9, 10 t he presence of  re-
t ransplants, 11,12 the presence of  acute tubular necrosis, 12-14 
where t he t ransplant  organ comes f rom (l ive donor or 
cadaver)9 or t he t ime t hat  i t  is in cold ischaemia. 9,12 The 
st udy of  t he inf luence of  t hese variables could help t o 
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predict  t he risk of  acute rej ect ion in pat ients with kidney 
t ransplant .

At  present ,  t acrol imus is t he most  used calcineur in 
inhibitor as it  presents a lower incidence of adverse effects 
and a similar or superior eficacy to cyclosporine for short 
t erm survival. 15-17 The t herapeut ic int erval establ ished t o 
ensure maximum eficacy and minimal toxicity corresponds 
wit h minimum concent rat ions of  5 t o 15 ng/ mL. 18 The 
frequency of monitoring and the pharmacokinet ic follow-up 
in the immediate post -t ransplant  period will depend on the 
t ime af t er t he t ransplant  and the cl inical sit uat ion of  t he 
patient. Thus, during the irst month, monitoring of blood 
concent rat ions i s recommended wi t h a f requency of  
3 weekly determinat ions, that  is increased progressively to 
once per week in the third post -t ransplant  month.19

In t he cl inical  pract ice,  t he prevent ion and,  where 
appl icable,  t he early diagnosis and t reat ment  of  acut e 
rej ect ion are priori t y obj ect ives of  t he int erdiscipl inary 
kidney t ransplant  t eams,  which,  among ot her reasons, 
cont inue to be the principal risk factors to develop chronic 
rej ect ion,  determining t he kidney funct ion and failure of 
the implanted organ in the medium to long term. Within this 
context , the goal of this current  study has been to const ruct  
a model t hat  enables t he predict ion of  t he risk of  acut e 
rejection in patients with kidney transplants during the irst 
two weeks after the t ransplant , using variables related with 
the pharmaco-therapeut ic t reatment  received and clinical 
var iables relat ed wi t h t he recipient ,  t he donor or t he 
transplanted organ itself. The early identiication of these 
variables and the quantiication of their inluence will allow 
f or  t he development  of  a prognost ic index capable of 
classifying pat ients regarding the risk of  present ing acute 
kidney rejection in the irst 2 weeks after transplantation. 
As a resul t ,  t he pat ient s ident i f ied wit h great er r isk of 
suf f er i ng acut e rej ect i on wi l l  be candidat es f or  an 
intensiication in their normal clinical follow-up and in the 
pharmacokinet ic monit oring of  t acrol imus,  as wel l  as a 
modif icat ion of  t he dai ly dose of  t acrol imus in order t o 
maintain blood concent rat ions in the superior l imit  of  t he 
t herapeut ic int erval  (around 15 ng/ mL),  avoiding inf ra-
therapeut ic values and minimising the risk of  suf fering an 
episode of acute rej ect ion. 

Method

Patients and immunosuppressant treatment

The st udy populat ion is composed of  pat ient s t hat  have 
undergone a kidney t ransplant  in a universi t y hospi t al 
(annual coverage of  24 676 pat ient s and 152 819 hospit al 
stays), during 2005 and 2006, and t reated with t riple therapy 
that  includes tacrolimus. The pat ients that  received organs 
from elderly donors (>60-years-old) or with an elevated risk 
of  acut e t ubul ar  necr osi s r ecei ved i nduct i on wi t h 
thymoglobulin at  a rat io of 1.5 mg/ kg/ day int ravenously, up 
t o a maximum of  3 doses given on al t ernat ing days,  or  
2 doses of  25 mg of  basi l iximab,  int ravenously;  in bot h 
situations, the irst dose was given before the transplant. 
Orally administered t reatment  with tacrolimus was begun in 
the irst 24 h after the transplant and the patients received 
bet ween 0.15-0.30 mg/ kg/ day every 12 h.  Subsequent ly, 

t he dose was individual ised depending on t he resul t s of 
blood concent rat ion. When it  was not  possible to administer 
t acrol imus oral ly,  it  was given int ravenously,  maintaining 
the equivalence of the oral dose: 5:1 int ravenous. Together 
wi t h t acrol imus,  t he pat ient s received t reat ment  wi t h 
prednisone at  20 mg daily,  with a progressive reduct ion to 
15 mg per month, 10 mg after 2 months and 5 mg after the 
sixt h mont h;  mycophenolat e mofet i l  1 init ial  dose of  1 g 
every 12 h, that  was later individualised depending on the 
results of blood concent rat ion, or sirolimus, 1 shock dose of 
6 mg followed by 2 mg daily, that  later were individualised 
depending on t he resul t s of  bl ood concent rat ion,  or 
everolimus, 1 init ial dose of 0.75 mg every 12 h, subsequent ly 
i ndi vi dual i sed dependi ng on t he r esul t s of  bl ood 
concent rat ion. The combinat ion of tacrolimus with sirolimus 
or everol imus (unauthorised combinat ions by t he Spanish 
Agency of  Medicat ions and Sanitary Products) was carried 
out  in the context  of  cl inical t rials that  were approved by 
t he Research Et hics Commit t ee of  t he relevant  hospit al .  
Blood samples were t aken j ust  before t he morning dose, 
that  is, in minimum blood concent rat ion condit ions (Cmin). In 
our hospit al ,  t he fol lowing t herapeut ic int erval has been 
established: Cmin from 10 to 15 ng/mL for the irst 6 weeks 
af t er t he t ransplant ,  and f rom 5 t o 10 mg/ mL af t er t his 
post -t ransplant  period.

Type of study and data collection

Cohor t  st udy where t he dat a cor respondi ng t o t he 
anthropometric (age and gender), clinical (acute rej ect ion, 
acute tubular necrosis,  t ime of  cold ischaemia, number of 
HLA incompat ibilit ies, and presence of previous t ransplant ), 
and pharmaco-t herapeut ic (t ype of  immunosuppressant  
t reatment  and induct ion of  ant ibodies) characterist ics are 
registered, from the beginning of the kidney t ransplant . The 
ini t ial ly est abl ished fol low-up t ime was during t he f i rst   
14 days after the t ransplant , as this post -t ransplant  period 
corresponded wit h t he period of  maximum probabil i t y of 
acute rej ect ion,  or unt il  t he appearance of  an episode of 
acut e rej ect ion when t his t ook place before t his period 
ended.  Acut e t ubular necrosis was diagnosed in pat ient s 
t hat  af t er t he kidney t ransplant  present ed sub-opt imal 
kidney funct ion and required dialysis,  discarding causes of 
vascular origin or obst ruct ion of  urinary duct s;  also,  in 
pat ients where this situat ion was maintained for a week, a 
kidney biopsy was t aken t o discard t he appearance of  an 
episode of  acute rej ect ion.  The elect ric recording of  t he 
pharmacokinet ic monitoring (pKClin®) made it  possible t o 
validate and ext ract  the informat ion corresponding to the 
dose regimen of tacrolimus and the value of  the Cmin.  Only 
the Cmin ext racted in the moment  before the following dose 
were considered valid and never those after more than 14 h 
had passed af t er  t he l ast  admini st rat i on.  The t ot al 
determinat ion in blood of tacrolimus was carried out  using a 
Micropart icle Enzyme Immunoassay (MEIA) for t acrol imus 
and its metabolites (Abbot t , IMx).

Statistical analysis

An analysis of  logist ic regression was carr ied out ;  t he 
appearance of an episode of acute rejection was deined 
as the response variable. The explicat ive variables studies 
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were:  age (years),  sex,  presence of  previous t ransplant , 
number of  HLA incompat ibi l i t ies,  t ime of  cold ischaemia 
(hours), presence of acute tubular necrosis (ATN), induct ion 
of  ant i bodi es (w i t hout  i nduct i on,  i nduct i on w i t h 
basil iximab,  or induct ion wit h t hymoglobulin),  t reatment  
t ype ( t r i - t her apy wi t h t acr ol i mus associ at ed wi t h 
cort icost eroids and mycophenolat e mofet i l ,  sirol imus or 
everol imus).  To quant i f y t he cont r ibut ion of  t he Cmin of 
tacrolimus over the probabil it y of  acute rej ect ion, a group 
of variables were deined related with this and with the 
t ime t hat  t he pat ient  was submit t ed t o t his condit ion of 
Cmin of  tacrolimus:

1.    Average blood concent rat ion in ng/ mL (Csm).
2.    Number of determinat ions within the therapeut ic interval 

(N_beneit).
3.    Time i n days wi t hin t he t herapeut i c i nt erval  (T_

beneit).
4.    Number of determinat ions under the therapeut ic interval 

(N_ineficacy).
5.    Time i n days under  t he t herapeut i c i nt erval  (T_

ineficacy).

The values of  t he quant i t at ive var iables have been 
present ed using t he respect ive indexes regarding t he 
symmetry of their dist ribut ion: average (standard deviat ion) 
(symmet ric dist r ibut ion),  and median and int erquart i le 
dist ance (assymet r ic dist r ibut ion).  The values of  t he 
cat egor ical  var iables have been expressed as relat ive 
frequencies expressed in percentages.

For t he development  of  t he logist ic regression model,a 
screening of the explicat ive variables was carried out , from 
t he analysis of  single variant  regressions,  t o select  t he 
potent ial prognost ic factors that  would be included in the 
mult i-variant  model (values of  P<.25).  Wit h t he result ing 
variables, the dif ferent  mult i-variant  models were explored 
wit h t he met hods of  sequent ial  inclusion and exclusion, 
ixing the values of P of signiication for the inclusion and 
exclusion of variables in 0.1 and 0.2, respect ively. Secondly, 
t he int eract ion t erms were int roduced t o conf irm if  t he 
adj ustment  indexes improved (signif icant  changes of  t he 
logar i t hm of  ver isimi l i t ude).  Final ly,  t he indicat ors of 
sensitivity, speciicity, correct classiications, and the ROC 
curve were calculated for t he selected models (Figure 1). 
The select ion of  t he f inal  model was done regarding t he 
area of  t he ROC curve and t he t heoret i cal -pract i cal 
advantages and disadvantages of each model. The stat ist ical 
analysis was done with the SPSS program, version 12 (SPSS 
Inc, Chicago, IL).

Results

A total of 68 pat ients was included in the study (38% women 
and 68% men), with an average age of 51.69-years-old (95% 
CI, 48.24-68.15), of  which 16 pat ients (23%; 95% CI, 15-32) 
presented an episode of acute rej ect ion. The average t ime 
of  fol low-up in our populat ion was 14 days (95% CI,  13-15 
days);  nonet heless,  in pat ient s t hat  present ed acut e 
rej ect ion,  t he average t ime f or  t he appearance of  an 
episode of  acute rej ect ion was 9 days (95% CI,  7-12 days). 
Tables 1 and 2 present  t he measurement s of  t he cent ral 

Results of 

the test

True diagnosis

Sick Healthy

Posit ive True posit ives 

(TP)

False posit ives 

(FP)

Negat ive False negat ives 

(FN)

True negat ives 

(TN)

 

 Sensit ivity = 
TP

TP + FN
   Speciicity = 

TN

TN + FP
 

 

 

 

 PPV = 
TP

TP + FP
           VPN = 

TN

FN + TN

Figure 1 Calculation of the sensitivity, the speciicity, and the 
posit ive (PPV) and negat ive (NPV) predict ive values f rom the 

relat ionship between the result s of  a diagnost ic t est  and the 

presence of an event .

Table 1 Descript ive characterist ics of the quant itat ive 

variables

Variable Mean 95% CI

Time of cold ischaemia, h 19.05 17.65-20.45

Number of incompat ibilit iesa 2 0-4

ABC, ng/ mL 11.47 10.68-12.26

N_beneit, no. 2.94 2.54-3.33

T_beneit, d 7.85 6.71-8.99

N_ineficacy, no. 1.97 1.61-2.31

T_ineficacy, d 5.79 4.77-6.81

ABC indicates average blood concentration; CI, conidence 
interval; N_beneit, number of determinations within the 
therapeutic interval; N_ineficacy, number of determinations 
under the therapeutic interval; T_beneit, time in days within 
the therapeutic interval; T_ineficacy, time in days under the 
therapeut ic interval.  
aAsymmetric dist ribut ion.

Table 2 Descript ive characterist ics of the categorical 

variables

Variable Relat ive 

frequency, %

95% CI 

Acute tubular necrosis 40 30-50

Re-t ransplant         24 15-32

Induct ion                                       58

Treatment Triple therapy_

MMF

87 72-92

Triple therapy_

SIR

8 4-15

Triple therapy_

EVER

5 2-11

CI indicates conidence interval; EVER, everolimus; MMF, 
mycophenolate mofet il; SIR, sirolimus.

48-68
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tendencies (mean and median) for the quant itat ive variables 
and t he relat ive f requency for t he predict ive categorical 
variables evaluated, together with their 95% CI.

In t he const ruct ion of  t he predict ive model,  t he single 
variant selection of the variables fell to sex, ATN, N_beneit 
and T_beneit as they presented a P<.25 and a correct  value 
in t he sign of  t he coef f icient .  The resul t s of  t he single 
var iant  regressions are shown in Table 3 regarding t he 
cl inical variables and t he variables t hat  depended on t he 
t reat ment .  Wit h t he sequent ial  inclusion and exclusion 
methods, 2 models were obtained: model A (were the ATN 

and T_benef i t  variables were maint ained) and model  B 
(where t he T_benef i t  var iable was maint ained).  The 
exploratory process of  both models showed t hat  model A 
presented greater predict ive validit y (greater ROC curve) 
(Table 4).  The predict ive equat ion of  t he selected model 
(Figure 2) is represented using the logist ic regression model 
and i t  provides t he probabi l i t y of  t he appearance of  an 
episode of  acut e rej ect ion in t he f irst  2 weeks af t er t he 
t ransplant  (Figure 3) depending on the explicat ive variables: 
t ime within the therapeut ic interval,  that  reduces the risk 
of  t he appearance of  an episode of  acut e rej ect ion by 
present ing a coef f icient  inferior t o t he uni t ,  and acut e 
t ubular necrosis (ATN),  included in t he f inal  model as i t  
improves its predict ive power.

The area below t he diagnost i c per f ormance curve 
(AUCROC) is of 77% (95% CI, 62-92) and the optimal cut-off 
point  in the ROC curve (Figure 4),  or point  t hat  of fers the 
best ratio between sensitivity and speciicity, corresponds 
with a probability value of acute rejection ≥0.24; a value 
t hat  is used t o classify pat ient s in 2 risk groups regarding 
acute rej ect ion:

1.   Pat ients with a probability of acute rej ect ion equal to or 
greater t han the cut -of f  point  selected with t he acute 
rej ect ion diagnosis according to the logist ic regression 
model.

Table 3 Single variant  regressions on the clinical variables 

and those dependent  on t reatment

Variable P Exp (B) 95% CI of  

Exp (B)

Sex .174 0.495 0.179-1.364

Age, y .876 0.997 0.962-1.034

Time of cold ischaemia, h .270 1.125 0.951-1.333

ATN .150 2.415 0.727-8.020

Number of incompat ibilit ies .121 0.701 0.447-1.099

Re-t ransplant .791 1.316 0.173-10.01

Induct ion with ant ibodies .419 0.776 0.419-1.436

Type of t reatment .620 0.746 0.234-2.375

ABC, ng/ mL .846 0.984 0.833-1.162

N_ineficacy, no. .056 0.665 0.438-1.010

N_beneit, no. .030 0.693 0.497-0.965

T_ineficacy, d .053 0.869 0.754-1.002

T_beneit, d .011 0.848 0.746-0.903

ABC indicates average blood concentration; CI, conidence 
interval; N_beneit, number of determinations within the 
therapeutic interval; N_ineficacy, number of determinations 
under the therapeut ic interval; ATN, acute tubular necrosis;  

T_beneit, time in days within the therapeutic interval;  
T_ineficacy, time in days under the therapeutic interval. 

Table 4 Final logist ic regression model

Variable B P Exp  

(B)

95% CI of  

Exp (B)

ATN 1.141 .121 3.130 0.740-13.235

T_beneit —0.196 .030 0.822 0.688-0.98

Constant —0.468 .536 0.626

ATN indicates acute tubular necrosis; CI, conidence interval; 
T_beneit, time within the therapeutic interval.

Pr(Y=1/X) =
 

1

1+e—(—0—47—0.2 × T_beneit+1.14×ATN)

Figure 2  Equat i on of  t he predi ct i ve model  f or  acut e 

rej ect ion.

Figure 3 Probability of suffering an episode of acute rej ect ion 

regarding the t ime stayed within the therapeut ic interval (T_

beneit) and the presence or absence of acute tubular necrosis 
(ATN) (in t he abscissas,  t he ATN and T_benef it  variables are 

represented and in the ordinates, the probabil it y of  suf fering 

an episode of acute rej ect ion)..
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2.    Pat ients with a probability of acute rej ect ion lower than 
t he cut -of f  point  select ed,  not  diagnosed wit h acut e 
rej ect ion according to the logist ic regression model. 

In Figure 5,  t he cont ingency t able is represent ed t hat  
resul t s f rom appl yi ng t he predi ct i on model  f or  t he 
appearance of  an episode of  acute rej ect ion in our study 
populat ion. 

For the selected cut -off point  (0.24), the proposed model 
presents a sensitivity of 83% (95% CI, 74-90) and a speciicity 
of 71% (95% CI,  61-80),  with a posit ive predict ive value of 
46% (95% CI, 36-56) and a negat ive predict ive value of 94% 
(95% CI, 87-98).

Discussion

The current  immunosuppressant  regimens have made i t  
possible to reduce the incidence of acute rej ect ions in the 
populat ion wi t h kidney t ransplant s t o 20%-25%4;  acut e 
rej ect ion is the principal predictor of chronic rej ect ion and 
of losses of the kidney t ransplanted. 3 In addit ion to this, it  
must  be kept  in mind that  the incidence of acute rej ect ion 
depends on fact ors relat ed wit h t he immunosuppressant  
therapy as well as on clinical factors. Eighty-three percent  
(95% CI,  74-90) of  our study populat ion presented a t riple 
immunosuppressant  regimen based on t acrol imus and 
mycophenolate mofet il .  Cont rary to that  published in the 
references consul t ed, 22,23 in our st udy,  no st at ist ical l y 
signiicant relationship has been observed between the type 
of immunosuppressant  regimen and acute rej ect ion, possibly 
because we had a reduced populat ion of  pat ient s for t he 
subgroups being t reated with sirolimus and everolimus.

Fifty-eight  percent  (95% CI, 48-68) of our pat ients received 
induct ion t herapy wit h basil iximab or t hymoglobul in;  no 
statistically signiicant relationship was observed with the 
acute rej ect ion,  cont rary t o what  happened in t he st udy 
publ i shed by Nashan et  al , 24 where t hey st udied t he 
incidence of  acute rej ect ion in 376 pat ients and observed 
t hat  t he pat ient s t hat  received basi l iximab present ed a 
reduct ion of  32% of  acut e rej ect ions compared wit h t he 
placebo (dif ference of 14.2%; 95% CI, 3-24; P=.012).

The moni t or ing of  t he blood concent rat ions of  t he 
immunosuppressant  drugs is a useful method t o establ ish 
relat ionships between t he pharmacokinet ic response and 
acute rej ect ion in pat ients with kidney t ransplants.6-8 Thus, 
for cyclosporine, Perico et  al6 found statistically signiicant 
differences between the blood concent rat ions of the second 
day af t er  t he t ransplant  and t he appearance of  acut e 
rejection during the irst 6 months after the transplant. For 
mycophenolate mofet il, Borrows et  al25 observed stat ist ically 
signiicant differences between the average concentrations 
and the appearance of acute rejection in the irst month 
af t er t he t ransplant .  In a recent  st udy,  Le Meur et  al 8 
conirmed that this drug is more effective and safe when its 
dose is individualised according to the plasma concent rat ion 
value instead of using ixed doses of mycophenolate mofetil. 
In this case, lower AUC’s are reached than in the group of 
individual ised doses;  t hey found st at ist ical ly signif icant  
differences in the appearance of acute rejection in the irst 
year after the t ransplant  (20% compared to 8%, respect ively). 
For  t acrol imus,  var ious aut hors7, 26, 27 have st udied t he 

relat ionship between the infra-therapeut ic concent rat ions 
of  tacrolimus and the risk of  acute rej ect ion. Bot t inger et  
al26 studied the relat ionship between the value of the blood 
concent rat ion of  tacrolimus the same day of  the rej ect ion 
and t he acut e rej ect i on;  no st at i st i cal l y signi f i cant  
relat ionship was observed. Other authors have studied the 
relat ionship of  the blood concent rat ion of  tacrolimus with 
t he acut e rej ect ion f rom t he average value of  blood 
concent rat ions of  t acrol imus in t he f irst  mont h af t er t he 
t ransplant .7,27 Thus, in a study conducted by Silva et  al,27 the 
relationship with acute rejection has not been conirmed; 
on the cont rary,  in the study conducted by Staatz et  al, 7 a 
st at ist ical ly signi f icant  di f f erence was f ound (average 
concent rat ion of  t acrol imus in t he group wi t h acut e 
rej ect ion of  5.09 ng/ mL compared with 9.02 ng/ mL in the 
group that  did not  present  acute rej ect ion; P=.04).

The principal  l imit at ion of  t hese st udies is t he use of 
average concent rat ions of  t acrol imus as t he pr inciple 
variable related with the risk of  rej ect ion, as it  masks the 
minimal concent rat ion values related with a greater risk of 
acut e rej ect ion.  In t his respect ,  in t he single var iant  
analysis, the average value of the concent rat ion in blood in 
our populat ion of  pat ient s did not  present  a st at ist ical ly 
signiicant relationship of this variable with acute rejection. 

Figure 4 Area below the recipient -operat ing characterist ic 

curve of the logist ic regression model.

Figure 5.  Cont ingency table (2×2) that  represents the results 

of the applicat ion of the regression model in the predict ion of 

acute rej ect ion (AR).
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Therefore, another step in this direct ion is to consider the 
t ime of exposure, as, theoret ically, the longer the exposure 
time to infratherapeutic values, the lower the AUC of the 
medicat ion,  and,  potent ial ly,  t he higher t he risk of  acute 
rej ect ion in the pat ient .

Another factor that  has been considered is the frequency 
of  inf ra-t herapeut ic episodes,  t hat  is,  t he number of 
episodes where the pat ient  presents blood concent rat ions 
below the therapeut ic interval;  t heoret ical ly,  t he greater 
t he number of  episodes under t he t herapeut ic int erval 
dur ing t he st udy per iod,  t he great er t he r isk of  acut e 
rej ect ion presented by the pat ient . As a result , in the single 
variant analyses, statistically signiicant relationships have 
been found between the variables of frequency N_beneit 
and acute rej ect ion. The follow-up t ime of our populat ion 
for t he st udy of  t he incidence of  acut e rej ect ion was 14 
days, as more than 90% of the pat ients that  present  acute 
rej ect ion,  present  i t  during t he f i rst  2 weeks af t er t he 
t ransplant .  As a result ,  the populat ion studied presents an 
acute rej ect ion incidence of 23% in this period (95% CI, 15-
32), similar to that  found in a study conducted by Mayer et  
al , 4 where t hey found an incidence of  acut e rej ect ion of 
25.9% in a group of 303 pat ients t reated with tacrolimus.

Thirty-eight  percent  of our study populat ion are women, 
which is a dist ribut ion that  is equivalent  to the populat ions 
observed in other studies. 9,19 In our populat ion there is no 
st at ist ical ly signif icant  relat ionship bet ween gender and 
acute rej ect ion, a result  that  coincides with that  observed 
by Bum et  al . 10 By cont rast ,  in t he st udy conduct ed by 
Herzenberg et  al,9 when dividing the populat ion in 2 groups 
depending on the presence or no of acute rej ect ion, in the 
group of pat ients with acute rej ect ion a greater percentage 
of  women was observed (59%) compared t o t he group of 
pat i ent s t hat  did not  present  rej ect i on (27%),  wi t h 
statistically signiicant differences (c2=9.14; P=.003).

The average age of our study populat ion is 51.69 years old 
(95% CI, 48.24-68.15),  slight ly greater than the populat ion 
included in ot her st udies9,13;  however,  in our st udy no 
statistically signiicant association was found between the 
age and t he appearance of  acut e rej ect ion,  t he same as 
that  found in the evaluated bibliography. The variables for 
t he pr esence of  r e- t r anspl ant  and number  of  HLA 
incompat ibil it ies have presented a t ight  relat ionship with 
acute rej ect ion in various studies9,10,11;  however, in our study 
no statistically signiicant association was found between 
these co-variables and the appearance of acute rej ect ion.

Regarding cold ischaemia t ime or t ime of conserving the 
organ t ransplanted outside of  t he organism, by increasing 
said t ime,  and consequent l y t he secondary damage, 
rej ect ion is favoured.13 Thus, the organs t ransplanted in our 
study populat ion have undergone an average t ime of  cold 
ischaemia of  19 h (95% CI,  17.65-20.45);  no st at ist ical ly 
signi f icant  relat ionship was observed regarding acut e 
rej ect ion.

In addit ion, acute tubular necrosis is the principal factor 
involved in the init ial dysfunct ion of  the new organ, 14 as an 
increase in the expression of the HLA molecules is produced 
by t he t ubular damage,  and wi t h i t ,  a great er st at e of 
inlammation. In our study, 40% of the patients presented 
an epi sode of  acut e t ubul ar  necrosi s,  al t hough no 
st at ist ical ly signif icant  relat ionship has been conf irmed 
regarding acut e rej ect ion (OR=2.41;  95% CI,  0.73-8.02; 

P=.15),  as seen in t he st udies conducted by Mauiyyedi et  
al13 and Moreso et  al. 14

The stat ist ical analysis of logist ic regression indicates that  
the risk of acute rej ect ion in our pat ients is related with 2 
response variables:  ATN (pharmacodynamic variable) and 
T_beneit (pharmacokinetic variable). Just as that which 
occurs in the single variant  model,  the test  of  the rat io of 
verisimilitude conirmed that the T_beneit variable was the 
variable t hat  provided great er expl icat ion t o t he model 
(P=.03).  In addit ion,  t he int roduct ion of  t he ATN variable 
improves the predict ive value of the model, as it  presents a 
greater ROC area. Thus, f rom the regression equat ion, we 
can deduce that  the probabilit y value of the appearance of 
acute rej ect ion in our pat ients is three t imes greater (95% 
CI, 0.7-13.2) for the presence of an episode of ATN and, on 
the cont rary,  it  is mult ipl ied by 0.8 (95% CI,  0.69-0.98) by 
increasing a unit  of t ime, expressed in days, the value of the 
T_beneit variable. Similarly, by representing the probability 
of  t he appearance of  an episode of  acut e rej ect i on 
depending on the predicitive variables T_beneit and the 
presence of  an ATN episode, we observe that  t he pat ients 
with ATN will be more sensitive to the T_beneit variable 
(Figure 3).  In order to evaluate the validit y of  t he logist ic 
regression model ,  t he receiver-operat ing charact erist ic 
curves (ROC curves) have been used. The AUCROC of 77% 
(95% CI,  62-92) indicates to us that  the model presents an 
opt imal discriminat ion power.  From the interpretat ion of 
the ROC curve, an opt imal cut -of f  point  has been selected 
as t he probabi l i t y value of  0.24.  As a resul t ,  when t he 
probabilit y of the appearance of acute rej ect ion est imated 
with the logist ic regression model is equal or greater than 
0.24,  t he pat ient  wi l l  be diagnosed wi t h a high r isk of 
present ing an episode of  acut e rej ect ion.  The values of 
sensit ivi t y and specif ici t y found for t he select ed cut -of f  
point indicate that the ATN and the T_beneit act as useful 
t ools f or t he pre-select ion of  pat ient s wi t h r isk of  t he 
appearance of acute rejection, by presenting a speciicity 
close to 75% according to the validity criteria of Doménech.28 
The posit ive predict ive value is low, that  is, our model would 
have lit t le use when the result  is posit ive; however,  in our 
case,  false posit ives can be accept ed as t he suspicion of 
acut e rej ect ion wi l l  not  provoke severe psychological 
damage in the pat ient ,  although their follow-up will entail 
an added cost  t hat  should be evaluat ed in subsequent  
studies. In addit ion, the negat ive predict ive value is high, 
and t herefore,  we can be surer t hat  when excluding a 
pat ient  from our follow-up, they will not  present  an episode 
of acute rej ect ion.

This st udy al lows us t o conclude t hat  t he ATN t oget her 
wi t h t he T_benef i t  var iabl es are usef ul  t ool s i n t he 
ident i f icat ion of  pat ient s wit h high risks of  suf fering an 
episode of  acute rej ect ion. As a result ,  t he appearance of 
acute rej ect ion in a pat ient  will depend not  only on clinical,  
non-modif iable or prevent ive variables,  but  also on t he 
variables related with the pharmaco-therapeut ic t reatment  
that  are potent ially preventable with adequate monitoring 
or  appl i cat ion of  pharmacokinet i c knowledge t o t he 
i nd i v i dual i sat i on of  doses and f ol l ow - up of  t he 
immunosuppressant  t reatment  in these pat ients. However, 
an external validat ion of our model is needed with another 
group of  pat ients with similar characterist ics,  t o evaluate 
its applicability in this populat ion.



Predict ing risk of acute rej ect ion in pat ients with kidney t ransplants 201

References

1. Organización nacional de t rasplant e (ONT).  Act ividad del 

trasplante renal. España 2006. Available from: http/ / www.ont.es

2. Sánchez Fructuoso A, Prats D. Rechazo y ot ras complicaciones. 

Clínicas Urológicas de la Complutense. 1999;7:438-46.
3. Gil M, Marqués M. Inmunosupresores.  Bases para la atención 

farmacéut ica al paciente t rasplantado. Barcelona: Edipharma; 

2005. p. 77-86.

4. Mayer D, Dmitrevski J, Squiflet JP, Bese T, Grabensee B, Klein 
B, et  al. Mult icent re randomized t rial comparing tacrolimus and 

cyclosporine in t he prevent ion of  renal al lograf t  rej ect ion. 

Transplantat ion. 1997;64:436-43.

5. Yang H. Maintenance immunosuppression regimens: conversion, 

minimizat ion,  wit hdrawal,  and avoidance.  Am J Kidney Dis. 

2006;47:S37-51.

6. Perico N, Ruggenent i P, Got t i E, Gaspari F, Cat taneo D, Valente 

U, et al. In renal transplantation blood cyclosporine levels soon 
alter surgery act  as a maj or determinant  of rej ect ion: Insights 

from the MY.S.S. Trial. Kidney Int . 2004;65:1084-90.

7. Staat z C,  Taylor P,  Tef f .  Low tacrol imus concent rat ions and 

increased r isk of  ear ly acut e rej ect ion in adul t  renal 

t ransplantat ion. Nephrol Dial Transplant . 2001;16:1905-99.

8. Le Meur Y, Büchler M, Thierry A, Caillard S, Villemain F, Lavaud 

S, et  al. Individualized mycophenolate mofet il dosing based on 

drug exposure signiicantly improves patient outcomes after 
renal t ransplantat ion. Am J Transplant . 2007;7:2496-503.

9. Herzenberg A, Gil l  J,  Dj urdj ev O, Magil A.  C4d deposit ion in 

acute rej ect ion: An independent  long-term prognost ic factor. J 

Am Soc Nephrol. 2002;13:234-41.

10. Bum S,  Jung M,  Joon S,  Soo Y,  Jin Y,  Kim Y,  et  al .  Cl inical 

signiicance of an early protocol biopsy in living-donor renal 
t ransplantat ion: ten-Year experience at  a single center.  Am J 

Transplant . 2005;5:1354-60.

11. Serón D, Valle F, Moreso F, Garcia R. Rechazo subclínico, una 

ent idad de interés emergente. Nefrología. 2006;26:3-7.

12. Crespo M, Pascual M, Tolkoff-Rubin NE, Mauiyyedi S, Collins AB, 

Fitzpat rick D, et  al.  Acute humoral rej ect ion in renal allograft  

recipient s:  incidence,  serology and cl inical characterist ics. 

Transplantat ion. 2001;71:652-8.

13. Mauiyyedi S,  Crespo M, Coll ins AB, Schneeberger EE, Pascual 

MA,  Saidman SL,  et  al .  Acut e humoral  rej ect ion in kidney 

t ransplant at ion:  II.  Morphology,  immunopat hology,  and 

pathologic classiication. J Am Soc Nephrol. 2002;13:779-87.
14. Moreso F, Serón D, Gil-Vernet , Riera L, Fulladosa X, Ramos R, et  

al.  Donor age and delayed graft  funct ion as predictors of renal 

al lograf t  survival  in rej ect ion-f ree pat ient s.  Nephrol  Dial 

Transplant . 1999;14:930-5.

15. US Multicenter FK506 liver study group: a comparison of 
Tacrolimus (FK506) and cyclosporine for immunosupression in 

liver t ransplantat ion. N Eng J Med. 1994;331:1110-5.

16. European FK506.  Mult icent re l iver study group:  randomized 

t rial comparing tacrolimus (FK56) and cyclosporin in prevent ion 

of liver allograft  rej ect ion. Lancet . 1994;334:423-8.

17. Webster A,  Woodrof fe RC, Taylor RS, Chapman JR, Craig JC. 

Tacrolimus versus ciclosporina como inmunosupresión primaria 

para los receptores de t rasplante renal (Revisión Cochrane 

t raducida).  In:  La Biblioteca Cochrane Plus, 2007, Número 4. 

Oxford: Update Software Ltd. Available from: http://www.up- 
date-software.com (Traducida de The Cochrane Library, 2007 

Issue 4. Chichester, UK: John Wiley & Sons, Ltd.).
18. McMaster P, Mirza DF, Ismael T, Vennarecci G, Patapis P, Mayer 

AD.  Therapeut ic drug monit oring of  t acrol imus in cl inical 

t ransplantat ion. Ther Drug Monit .1995;17:602-5.

19. Hariharan S. Recommendat ions for outpat ient  monitoring of 

Kidney t ransplant  recipients. Am J Kidney Dis. 2006;47:S22-36. 

20. Hosmer DW, Lemeshow S. Applied logist ic regresión. 2nd 

ed. New York: Willey; 2000.

21. Doménech Massons JM, Navarro P. Const rucción de un modelo 

de regresión logíst ica. Regresión logíst ica binaria, mult inomial, 

de Poisson y binomial  negat iva.  Barcelona:  Signo;  2006.  p. 

109-31.

22. European Mycophenolat e Mofet i l  St udy Group.  Placebo-

cont roled st udy of  mycophenolat e mofet i l  combined wit h 

cyclosporine and cort icost eroids for prevent ion of  acut e 

rej ect ion. Lancet . 1995;345:1321-5.

23. van Gelder T,  Hilbrands LB, Vanrenterghem Y, Weimar W, de 

Fi j t er JW,  Squif f let  JP,  et  al .  A randomized double-bl ind, 

mult icent er plasma concent rat ion cont rol led st udy of  t he 

safet y and ef f icacy of  oral  mycophenolat e mofet i l  for t he 

prevent ion of  acute rej ect ion af t er kidney t ransplantat ion. 

Transplantat ion.1999;68:261-6.

24. Nashan D,  Moore R,  Amlot  P,  Schmidy A,  Abeywickrama K, 

Soulillou S, et  al. Randomised t rial of basiliximab versus placebo 

for cont rol  of  acut e cel lular rej ect ion in renal  al lograf t  

recipients. Lancet . 1997;350:1193-8.

25. Borrows R, Ghusney G, Loucaidou M, James A, Lee J, Tromp J, 

et  al.  Mycophenolic Acid 12-h t rough level monitoring in renal 

t ransplantat ion: associat ion with acute rej ect ion and toxicit y. 

Am J Transplant . 2006;6:121-8.

26. Bot t iger Y, Brat tst rom C, Tyden G, Sawe J, Groth C. Tacrolimus 

whole blood concent rat ions correlate closely t o side-ef fect s 

in renal  t ransplant  recipient s.  J Cl in Pharmacol .  1999;48: 

445-8.

27. Si lva H,  Yangb H,  Aboul j oudc M,  Kuo P,  Wisemandle K, 

Bhat tacharya P, et  al.  One-year results with extended-release 

tacrolimus/ MMF, tacrolimus/ MMF and cyclosporine/ MMF in de 

novo kidney t ransplant  recipients. Am J Transplant . 2007;7:595-

608.

28. Doménech Massons JM, Delgado Rodríguez M, Llorca Díaz J. 

Est udios para pruebas diagnóst icas y fact ores pronóst icos. 

Barcelona: Signo; 2006. p. 61-96.


