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Summary

Conversion of kidney-transplant recipients from calcineurin inhibitors to mTOR

inhibitors has been suggested to be a risk factor for increased alloimmune

response. We have analyzed the development of new HLA-antibodies (HLA-Abs)

early after conversion in 184 patients converted in stable phase at our hospital

and compared with a control group of nonconverted comparable 63 transplants.

Using single-antigen solid-phase immunoassay analysis, a preconversion and a

3–6 months postconversion sera were prospectively analyzed in every patient for

the appearance of new HLA-Abs. Renal function at 2 years postconversion and

cumulative graft survival were compared between groups. In 16 patients, new

HLA-Abs (3-DSA and 13-NonDSA), not present at the moment of conversion,

were detected (8.7% vs. 3.1% in the control group). The type of mTORi used,

type of CNI preconversion, the presence of steroids, time of conversion, or indica-

tion for conversion did not have influence on this effect but the presence of HLA-

Abs before conversion highly correlated with the appearance of new specificities.

Patients with de novo HLA-Abs showed a trend to worst graft function and

survival. In conclusion, conversion to mTORi can be followed by early appear-

ance of de novo HLA-Abs, especially in patients with HLA-Abs preconversion,

and this complication should be screened early after conversion.

Introduction

According to the humoral theory of transplantation, the

presence of antibodies against the HLA system (HLA-Abs)

is responsible for graft rejection [1]. These HLA-Abs are

known as essential players in hyperacute and acute rejec-

tion. In addition, HLA-Abs have been associated with the

further development of chronic rejection (CR), compro-

mising graft function and survival in renal transplantation

[2–5]. In recent years, not only the presence of preformed

HLA-Abs before transplantation but also the development

of de novo HLA-Abs after transplantation has been involved

in the development of chronic antibody-mediated rejection

(ABMR) [6,7]. In such a process, the presence of donor-

specific HLA-Abs (DSA) and also, although at a lesser

extent, nondonor-specific HLA-Abs (NDSA) play a crucial

role [8].

The importance of the new development of HLA-Abs

after transplantation has been probably underecognized in

the past years. Recent studies demonstrate that ABMR is

probably implicated in a considerable number of trans-

plants that fail [9–11]. When the maximum efforts to find
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the cause of graft loss are made in every case of failed

transplant (clinical data, renal biopsy, C4d, electron

microscopy, molecular analysis and sensitive HLA-anti-

body testing) an immunological mechanism can be

detected as the responsible for graft loss in a considerable

number of cases. In a recent report, Sellares et al. show

similar results, being ABMR responsible for graft loss in

more than 60% of cases in a series of 56 failed transplants

(all with previous renal biopsy) and interestingly nonad-

herence could be detected in almost 50% of those cases

[12]. This paper raises the question that whether reduc-

tions in (global) immunosuppression might trigger the

development of new DSA and secondarily ABMR leading

to graft damage and finally graft loss. Nonadherence is

probably an extreme form of underimmunosuppression

but other planned interventions such as maintenance of

low calcineurin inhibitor (CNI) levels to avoid CNI toxic-

ity, steroid withdrawal or perhaps conversion to an

mTOR-Inhibitor (mTORi) with CNI elimination might

have a similar effect and it should be important to evaluate

the effects of planned immunosuppression modifications

in the risk of development of de novo HLA-Abs after trans-

plantation.

As a consequence of the risk of developing HLA-Abs for

graft survival, monitoring of these Abs after transplantation

has become a routine tool in the clinical follow-up of renal

transplant recipients, especially in the context of clinical

events or changes in immunosuppression as recommended

by several guidelines [13,14].

Conversion from a CNI to an mTORi-based protocol,

either Sirolimus (SRL) or Everolimus (EVR) has been pro-

posed in the last years as an option in normal/low immu-

nological risk patients with the dual objective of preventing

or treating chronic CNI nephrotoxicity and so preserving

renal function in the long term and secondly of preventing

malignant neoplasms, specially cutaneous neoplasms [15–
18]. This change in immunosuppression is associated with

a small risk of acute rejection (about 5% of cases) as it has

been observed in most clinical trials of conversion [19] and

it has been suggested that such interventions might be asso-

ciated with an increased risk of developing CR in the long

term (due to insufficient organ immunoprotection). Never-

theless, this idea has not been demonstrated in any clinical

study, either retrospective or prospective and even more

long-term follow-up of patients included in clinical trials

using mTORi as main immunosuppression do not seem to

show an increased incidence of CR.

The immunological risk after conversion to an mTORi

could be evaluated by the production of de novo HLA-Abs

in the early phase after conversion to an mTORi-based pro-

tocol as a biomarker of a humoral immune response

against the transplanted organ and as a predictor of the

future development of chronic ABMR.

Our center has an extensive experience using mTORi in

kidney transplantation, especially in conversion with com-

plete elimination of CNI [20–27]. We have analyzed our

series of patients converted from a CNI to an mTORi-based

immunosuppressive protocol evaluating the presence of

HLA-Abs immediately before and 3–6 months after

conversion to evaluate the risk of developing de novo DSA

or NDSA. Here, we present the results of this study.

Materials and methods

Patients

All patients converted from a CNI-based protocol to an

mTORi-based protocol after the third month of transplan-

tation at our center until February 2010 were included in

the study. A total of 184 patients were selected and ana-

lyzed. Ninety-two patients had been converted to SRL and

92 patients to EVR. Most patients were converted due to a

clinical indication and the reasons for conversion were

variable, being the most important reasons the demonstra-

tion of chronic allograft nephropathy (CAN) on biopsy

[Interstitial Fibrosis and Tubular Atrophy (IFTA) in the

2007 Banff classification] or the recent diagnosis of a

malignant neoplasm (see Table 1 for a complete listing of

indications). The first patient was converted in October

1999 and the last patient in February 2010. The moment of

conversion after transplantation ranged between three and

375 months with a median time of 69 months.

An additional group of 63 patients on CNI therapy and

nonconverted to an mTORi with an equivalent post-trans-

plant time of follow-up was selected as a control group to

evaluate the risk of developing HLA-Abs in a similar period

of time in the absence of any major modification in the

immunosuppressive protocol. These patients were selected

using the rule of searching those transplants made immedi-

ately before or after every case that remained functioning at

the moment of conversion. A proportion of 1:3 (one

control for every three patients) was considered adequate

to compare results in both groups. Demographic character-

istics of both groups were comparable and are detailed in

Table 2.

Table 1. Indications for conversion to mTORi.

n %

Median time after

transplant (months)

Chronic Allograft Nephropathy

(IFTA)

88 47.8 56.3

Malignant neoplasm 65 35.4 157.7

Prevention 17 9.2 5.4

Vascular disease 3 1.6 46.8

Other indications 11 6.0 6.1
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Protocol of conversion to an mTORi

In all cases, a quick conversion to an mTORi with com-

plete elimination of the CNI was made. A short overlap-

ping period between the introduction of the mTORi and

the complete elimination of the CNI of 4 days (in patients

converted to EVR) or 7 days (in patients converted to

SRL) occurred in most cases. The first day of introduction

of the mTORi, the CNI (CSA or TAC) doses were imme-

diately reduced by 50% and antiproliferative drugs when

present were reduced in those cases receiving more than

1000 mg per day of mofetil mycophenolate, 720 mg of

sodium mycophenolate or 50 mg of azathioprine. A first

through level of EVR or SRL was scheduled at day 4 after

EVR introduction or day 7 after SRL introduction, and

when it was in the desired range, the CNI was completely

eliminated. The objective through levels (for both drugs)

were between 4 and 8 ng/ml in those patients converted

after the first year post-transplant and between 8 and

12 ng/ml in those patients converted in the first year post-

transplant. A more detailed description of the conversion

procedure can be seen in previous publications [26,27].

During the study period, no other major modifications in

the immunosuppressive protocol were made in any

patient.

Serum samples selection

Serum samples of all transplanted patients at our center are

collected and stored at �80 °C every 3 months as a routine

in every clinical visit. Frozen serum samples were retrospec-

tively selected to prospectively investigate the presence of

HLA-Abs. For every patient, two samples were selected, the

one collected immediately before conversion and a second

one collected near the third month after conversion (usu-

ally between the third and the sixth month after conver-

sion). A total of 494 serum samples were selected and

included in the study (368 in the study group and another

126 in the control group).

Sera analysis

Serum samples were screened for the presence of HLA-I

and HLA-II Abs by the Luminex-based bead assay (One

Lambda, Canoga Park, CA, USA). Specificity of HLA-Abs

was determined by Luminex Single Antigen (LSA, LAB-

Screen Single Antigen beads, One Lambda). All the assays

were performed following the manufacturer’s protocols.

Screening and specificities of HLA-I and HLA-II Abs were

qualitatively informed. The cutoff value for considering a

positive HLA Ab specificity was set when two of three crite-

ria were fulfilled: More than 1500 Raw mean fluorescence

intensity (MFI), more than 1000 Baseline MFI and/or the

25% of the maximum MFI bead [28].

Classification of patients

Patients in the study and in the control groups were ini-

tially classified into four groups according to their HLA-

Abs status before and after conversion using the screening

method (Screening Groups). Group I: no HLA-antibodies

before conversion and no HLA-Abs after conversion

(Neg/Neg), Group II: the presence of HLA-Abs before

conversion and absence (disappearance) of HLA-Abs after

conversion (Pos/Neg), Group III: the presence of HLA-

Abs before conversion and presence after conversion (Pos/

Pos) and Group IV: the absence of HLA-Abs before con-

version and the presence of HLA-Abs after conversion

(Neg/Pos).

In the second phase and based on the LSA analysis,

patients with postconversion antibodies (groups III and

IV) were reclassified into three additional groups

Table 2. Main clinical and demographic characteristics of the patients

included in the study.

mTORi

conversion

(n = 184)

CNI therapy

(n = 63) P value

Period of study Oct-1999/

Feb-2010

Oct-1999/

Feb-2010

Gender (male/female) 121/63 45/18 NS

Ethnicity (Caucasian/other) 183/1 63/0 NS

Donor type

(Living/Deceased)

2/182 0/63 NS

Time after Tx (months):

median (range)

65 (3–375) 38 (3–236) NS

Mean age at conversion

(years � SD)

53.4 � 13.4 53.2 � 11.8 NS

Indication for conversion

IFTA 88

Neoplasia 65

Pre-emptive 17

Other 14

Mean sCr preconversion

(mg/dl � SD)

1.86 � 0.72 1.74 � 0.70 NS

Number of Tx

(1st/2nd/3rd) (%)

79.3/19.0/1.6 78.9/17.3/3.8 NS

PRA CDC Pre-Tx

(<10%/≤10%)

90%/10% 88%/12% NS

Preconversion immunosuppression

TCR/CsA 86/93 29/34 NS

MMF/AZA 97/25 41/8 NS

Esteroids/No esteroids 96/88 39/24 NS

PRA CDC, panel reactive antibodies by complement-dependent cytotox-

icity; sCr, serum creatinine; Tx, transplantation.
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(Single-Antigen Groups): Group A: those patients with

HLA-Abs but without any de novo HLA specificity demon-

strated in the postconversion sample (No de novo Abs; all

patients pertaining to Group III), Group B: those patients

with new HLA specificities but with no antibodies directed

to donor HLA antigens (de novo NDSA Abs) and Group C:

those patients with newly developed specificities against

donor antigens (de novo DSA Abs).

Risk factors for the appearance of de novo HLA-Abs after

conversion

The presence of HLA-Abs before conversion, the type of

mTORi introduced, the type of CNI used before conver-

sion, the presence or absence of steroids at the moment of

conversion, the indication for conversion and the time of

conversion after transplantation were considered to evalu-

ate their influence on the appearance of new Abs.

Effects of de novo HLA-Abs appearance on graft evolution

All patients in study and control groups were followed until

February 2012 so all the patients had a follow-up after con-

version of at least 24 months. Renal function as well as

patient and graft survival were recorded before conversion

and at 12 and 24 months after conversion and values com-

pared between patients developing (groups B + C) and

patients not developing (group A) de novo HLA-Abs after

conversion to evaluate the consequences of such Abs for-

mation. This analysis was made in an intent-to-treat basis,

irrespective of the continuation of the mTORi or not (ITT

analysis) and failed grafts were considered. In those cases,

where graft had failed at 2 years, serum creatinine was

computed as 10 mg/dl.

Statistical methods

Quantitative variables were compared using the Student0s
t-test. Distribution of frequencies between groups was com-

pared using the chi-square test. Graft survival was analyzed

using the Kaplan–Meier test and comparison between

groups was made using the Log-Rank test. Differences were

considered significant when P was below 0.05.

Results

Distribution of patients according to the screening test

Preconversion status

Thirty-four patients (18.5%) had HLA-Abs present in

serum immediately before conversion, whereas in the

remaining 150 patients, no Abs were detected in the pre-

conversion sample (81.5%). Among those patients with

HLA-Abs 20 patients had HLA-I Abs (11%), eight patients

had HLA-II Abs (4%), and six patients had both class-I and

class-II Abs (3.5%). With respect to the control group, 10

patients (15.9%) had HLA-Abs at the equivalent moment

before conversion, whereas the remaining 53 (84.1%) did

not have any detectable Ab. Both populations were compa-

rable according to preconversion status (P = 0.641).

Distribution of the study population according to Screening

Groups

One hundred and forty-four patients out of 184 were classi-

fied in the Group I (no detectable Abs before and after con-

version; Neg/Neg) which accounts for the 78.3% of

patients, five patients were included in Group II (Pos/Neg;

2.7%), twenty-nine patients were classified as Group III

(Pos/Pos; 15.8%), and finally, six patients were included in

the Group IV (Neg/Pos; 3.3%) (Table 3). The distribution

of patients according to the presence of only class-I or

class-II Abs is also detailed in Table 3.

Distribution of the control population according to Screening

Groups

Fifty-three of the 63 control patients were included in the

Group I (Neg/Neg; 84%), whereas the remaining 10

patients were included in the Group III (Pos/Pos; 16%).

No patients in this group showed changes from positive to

negative (Group II) or from negative to positive (Group

IV) according to this screening test (Fig. 1).

Table 3. Distribution of patients in the study (Converted) and control

(Nonconverted) groups according to the screening test before and after

conversion.

HLA-I Abs (%) HLA-II Abs (%) Total (%)

Group I (Neg/Neg)

Converted 153/184 (83.2) 167/184 (91.9) 144/184 (78.3)

Nonconverted 56/63 (88.9) 56/63 (88.9) 53/63 (84.1)

Group II (Pos/Neg)

Converted 4/184 (2.2) 1/184 (0.5) 5/184 (2.7)

Nonconverted 0/63 (0) 0/63 (0) 0/63 (0)

Group III (Pos/Pos)

Converted 22/184 (12.0) 12/184 (5.4) 29/184 (15.8)

Nonconverted 7/63 (11.1) 7/63 (11.1) 10/63 (15.9)

Group IV (Neg/Pos)

Converted 5/184 (2.7) 4/184 (2.2) 6/184 (3.3)

Nonconverted 0/63 (0) 0/63 (0) 0/63 (0)

Patients were grouped into four categories according to the presence of

serum HLA-Abs before and after conversion: negative preconversion/

negative postconversion (Group I, Neg/Neg), positive preconversion/

negative postconversion (Group II, Pos/Neg), positive preconversion/

positive postconversion (Group III, Pos/Pos) and negative preconversion/

positive postconversion (Group IV, Neg/Pos). Absolute numbers and fre-

quencies (in parenthesis) of patients with antibodies against HLA-I,

HLA-II or total (I and/or II) are shown.
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Results of Single-Antigen analysis

Distribution of the study population according to

Single-Antigen Groups

Thirty-five patients had HLA-Abs after conversion (irre-

spective of the preconversion status) (29 from Group III

and 6 from Group IV) and were further classified according

to the Single-Antigen Groups. Nineteen patients did not

show any change in HLA specificities with respect to those

detected before conversion (Group A, 19/35, 54.3%),

whereas in 16 patients, new HLA specificities, not present

in the preconversion serum, were detected after conversion

(16/35, 45.7%). This represents an 8.7% of the whole-study

population (16/184). Those 16 patients included 13

patients with new NDSA (Group B) and three patients with

DSA (Group C) (Table 4). A list of the new HLA specifici-

ties detected is shown in Table 5.
0

10

20

30

40

50

60

70

80

90

%

Group I Group II Group III Group IV

Study group
Control group

Figure 1 Distribution of patients in study and control groups according

to the results of the screening test before and after mTORi conversion.

Group I: No HLA-Abs before and after conversion (Neg/Neg), Group II:

the presence of HLA-Abs before and absence after conversion (Pos/

Neg), Group III: the presence of HLA-Abs before and after conversion

(Pos/Pos) and Group IV: absence of HLA-Abs before and presence after

conversion (Neg/Pos).

Table 4. Distribution of patients in the study (Converted) and control

(Nonconverted) groups according to the appearance of new HLA speci-

ficities. Only patients with post-transplant HLA-Abs are considered.

Converted

(mTORi), n (%)

Nonconverted

(CNI), n (%)

No changes in HLA-Abs specificities 19 (54.3) 8 (80)

de novo HLA-Abs 16 (45.7) 2 (20)

Nondonor-specific (NDSA) 13* 2

Donor-specific (DSA) 3 0

*In five of the 13 patients, the donor specificity of the HLA-Abs could

not be determined because they were directed against the HLA-DQ

and/or HLA-DP loci and the HLA-DQ/DP donor typing was not available.

In one additional patient, HLA A/B/DR typing was not available.

Table 5. List of the new HLA specificities detected after mTORi conversion.

Patient Class-I specificities Class-II specificities DSA

Patient 1 A33, A68 – No

Patient 2 B37 – No

Patient 3 A29*, B58*, A26, A34, A69, A80, B8, B13, B37, B44, B47, B48, B51,

B52, B53, B58, B59, B60, B61, B63, B77, B81

– Yes

Patient 4 – DR53, DQ7, DQ8, DQ9 Unknown**

Patient 5 A11, A25, A26, A43, A66 No

Patient 6 DQ4, DQ7, DQ8, DQ9 Unknown**

Patient 7 A2, A23, A24, A32, A68, A69, B35, B38, B44, B45, B46, B49, B50,

B51, B52, B53B, B56, B57, B58, B59, B62, B63, B71, B72, B75, B76,

B77, B78, B82

No

Patient 8 DR52 No

Patient 9 DR53, DQ2, DQ7, DP3, DP6, DP9,

DP14, DP17

Unknown**

Patient 10 A29, A43 Unknown***

Patient 11 A33*, A29, A30, A31 Yes

Patient 12 DR11, DP10, DP11, DP13, DP18,

DP19, DP2, DP20, DP28

Unknown**

Patient 13 B8*, A80 Yes

Patient 14 B42 No

Patient 15 B76 No

Patient 16 A1, A11, A24, A25, A3, A36, A43, A66, A80, B13, B41, B47, B54, B57,

B61, B63, B8

DQ2, DQ4, DQ7, DQ8, DQ9 Unknown**

*An asterisk following an HLA specificity indicates a DSA (patients 3, 11 and 13).

**Donor HLA-DQ/DP typing not available.

***In this case, donor HLA-typing was not available so it cannot be established whether the antibodies are DSA or not.
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Distribution of the control population according to Single-

Antigen Groups

Among the 10 patients with postconversion HLA-Abs (all

pertaining to the Screening Group III, that is with HLA-

Abs before and after conversion) in two patients new HLA

specificities were detected but none of them were donor-

specific (Group B, de novo NDSA Abs), whereas in the

remaining eight patients, no new specificities were detected

(Group A, No de novo Abs). None of the 63 patients of the

control group developed DSA (Group C). The rate of

appearance of new antibodies in this control group was a

3.2% of the whole group (Fig. 2).

In three patients of the study population, DSA were

detected in the preconversion serum. In two cases, the DSA

had disappeared at 3 months postconversion, whereas in

one patient, it remained present. Two patients continued

with functioning grafts 9 and 10 years after conversion

whereas the third patient lost the graft 5 months after con-

version, although the DSA was not detected in the postcon-

version sample.

Of 126 patients of group A were tested at 24 months to

detect new Abs and in nine cases new specificities were

detected (8 NDSA and 1 DSA) which accounts for an addi-

tional 7,1% of cases of seroconversion at 2 years.

Risk factors for the appearance of new HLA-Abs after

conversion

The presence of HLA-Abs before conversion

Patients were classified according to the presence or

absence of any type of HLA-Abs before mTORi conversion

and the risk of developing new HLA-Abs after conversion

was calculated. Among the 150 patients without HLA-Abs

before conversion only six patients developed HLA-Abs in

the months following conversion (6/150; 4%) and none

developed DSA (0/150). By contrary among the 34 patients

with HLA-Abs before conversion 10 patients developed

new HLA-Abs (10/34; 29.4%; P < 0.001) and the three

patients who developed DSA were included in this group

(3/34; 8.8%; P = 0.0035) (Fig. 3).

Type of mTORi

No differences were observed with respect to the type of

mTORi used. Eight patients of the 92 converted to SRL

developed new HLA specificities [8/92 (8.7%)], whereas in

the group of patients converted EVR new Abs were

detected in 10 patients [10/92 (10.9%); pNS]. Two of the

three patients with new DSA had been converted to SRL

and the other one to EVR.

Type of CNI before conversion

About 179 patients were under CNI therapy before conver-

sion and only five patients were not receiving CNI as main
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Figure 2 Distribution of patients in study and control groups according

to Single Antigen analysis. (a) Percentages with respect to the whole

study group. (b) Percentages with respect to the subgroup of patients

with postconversion HLA-Abs.
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P < 0.001

P = 0.003

Figure 3 Percentage of patients who developed new HLA-Abs accord-

ing to the preconversion HLA Ab status. In the group of patients with-

out HLA-Abs before conversion, only 4% of cases developed new Abs

and none of them were DSA, whereas in the group of patients with pre-

conversion HLA-Abs one-third of patients developed new HLA specifici-

ties and more than 8% of cases developed DSA (P < 0.001 for any type

of new Abs and P = 0.003 for DSA).
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immunosuppression before the mTORi introduction (Aza-

thioprine plus steroids). Ninety-three patients were under

CSA and 86 under TAC. Seven of the 93 patients in the

CSA group (7.5%) and 9 of the 86 in the TAC group

(10.5%) developed new Abs (pNS). Additionally, two of

the five patients without CNI before conversion developed

new Abs. Considering the three patients who developed

DSA two cases were receiving TAC and 1 CSA before con-

version. It is important to consider that the percentage of

retransplants was significantly higher in the TAC group (29

vs. 14%; P = 0.01), probably reflecting the different eras of

use of CNI.

Steroid-containing immunosuppressive protocol at conversion

About 96 patients were receiving steroids at the moment of

conversion (52.2%), whereas in the remaining 88 patients

(47.8%), steroids had been previously eliminated, at least

3–6 months before conversion. In the group of patients

receiving steroids, seven cases of new antibodies after con-

version were detected (7/96, 7.3%), whereas in the group of

patients without steroids were included the 11 remaining

cases (11/88, 12.5%). This difference was not statistically

significant (P = 0.235).

Time of conversion after transplant

Mean time from transplant to conversion was 91 months

in group A and 104 months in group B + C (pNS),

whereas median time was 69 and 65 months, respectively

(pNS). One of the 32 patients converted in the first-year

post-transplant (1/32, 3.12%) and 15 of the 152 patients

converted after the first year (15/152, 9.87%) developed

new Abs after conversion (pNS).

Indication for conversion

Eight patients converted due to IF/TA (8/88; 9.1%) and

seven patients converted due to malignant neoplasm (7/65;

10.8%) developed new Abs, whereas none of the 17 patients

converted for prevention developed new Abs.

Patient and graft evolution among groups

Patient survival at 2 years was 91.7% in group A and

93.8% in group B + C (P = NS), whereas graft survival

at 2 years was 82.1% in group A and 62.5% in group

B + C (P = 0.05). Figure 4 plots graft survival in both

groups.

With respect to renal function, mean serum creatinine

(sCr) was comparable in both groups (A vs. B + C) at the

moment of conversion: 1.85 � 0.73 mg/dl in group A and

1.89 � 0.76 mg/dl in group B + C (pNS). Two years after

conversion, mean sCr was 1.84 � 0.93 mg/dl in group A

and 1.64 � 0.61 mg/dl in group B + C (pNS) when lost

grafts were excluded and 3.23 � 3.2 and 4.43 � 4.1 mg/dl,

respectively, when lost grafts were included in the analysis

(P = 0.13) (Table 6).

Discussion

This study demonstrates that conversion from a CNI-based

to an mTORi-based immunosuppressive protocol in stable

renal transplant recipients can be associated with an early

humoral response in a small but probably relevant number

of patients. This humoral response is detected by the

appearance of new HLA-Abs in the first months after con-

version that were not present immediately before conver-

sion. Similar results have been recently published by Kamar

et al. in a smaller series of patients converted to EVL [29].

Although it cannot be definitely established a cause/effect

relationship between conversion and the appearance of new

Abs the close temporal relationship between both events

Group A

Group B+C

Figure 4 Comparison of graft survival between patients who did not

develop new antibodies after conversion (Group A) and patients who

developed new antibodies after conversion (Groups B + C). Log-rank:

P = 0.09.

Table 6. Patient and graft evolution after mTORi conversion according

to the development of de novo HLA-Abs after conversion.

Group A Groups B + C P

n 168 16

Patient survival (%) at 2 years 91.6 94.4 0.673

Graft survival (%) at 2 years 81.9 66.7 0.123

sCr at conversion (mg/dl) 1.84 1.89 0.856

sCr at 2 years excluding lost grafts 1.83 1.64 0.556

sCr at 2 years including lost grafts* 3.23 4.43 0.135

Group A: patients not developing de novo HLA-Abs after conversion.

Groups B + C: patients who developed NDSA (B) or DSA (C) after con-

version.

*Lost grafts were considered as having a sCr of 10 mg/dl.
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makes it highly probable, specially if we consider that most

patients were converted after the first and a high number of

patients after the third post-transplant year, when the

“spontaneous” rate of Abs appearance (without significant

changes in immunosuppression) should be considerably

lower, as it has been reported previously [30] and as it can

be observed in the control group of our study.

There is not clear explanation for this finding, although

some authors have hypothesized that CNI appear to signifi-

cantly decrease the de novo formation of T-cell-dependent

HLA-Abs responses in previously nonsensitized patients

[31,32]. CNI therapy would block T-cell-dependent forma-

tion of germinal centers that generate plasma and memory

B cells, necessary for the production of HLA-Abs.

Liefeldt et al. reported last year similar results in a small

cohort of 61 patients recruited from two clinical trials con-

verted to EVR in the first months after transplant and fol-

lowed by 5 years [33]. Our study confirms those results in

a much larger series of patients and shows that the risk is

similar with SRL and that persists over time, not only in

those patients converted in the early phase post-transplant.

Surprisingly, in our series of patients converted for preven-

tion without any clinical indication (17 cases), which highly

resembles the cases published by Liefeldt, no new Abs were

detected, probably reflecting the selection bias in this group

of patients (low-risk patients).

More importantly, our study shows that this risk of

developing HLA-Abs is not uniform among all the patients

converted and they can be preclassified as low- or high-risk

patients for the appearance of new HLA-Abs after conver-

sion according to the presence or the absence of HLA-Abs

before conversion. Those patients without any detectable

HLA-Abs when conversion is planed have a extremely low

risk of developing Abs that do not seem to be different to

that observed in the control group whereas in patients with

preformed HLA-Abs before conversion (irrespective they

were already present before transplant or appeared after

transplant) as far as almost one third will develop new

HLA-Abs. Thus, the presence of HLA-Abs before conver-

sion is probably selecting the population of highly respon-

der patients.

An important aspect to consider of our results is the high

proportion of cases that developed NDSA whereas DSA

was detected in a small number of cases. This effect is diffi-

cult to explain and it is probably related to the presence of

similar epitopes in different antigens [34]. Nevertheless, as

it is shown in Table 5, in several cases, Abs were classified

as NDSA due to the absence of DP and DQ typing in most

donors, but the Abs might really be DSA, this is a limitation

of the study. For these reasons, we decided to consider as a

whole group all the patients with new HLA specificities

irrespective of their DSA or NDSA classification when

considering its effect on graft function and survival. In fact,

there were no evident differences in these two aspects

between patients with DSA and patients with NDSA.

The importance of the appearance of de novo Abs after

transplantation has not yet been clearly established, but

there is a growing body of evidence of the harmful effects

of these Abs on the long-term graft survival via the devel-

opment of chronic ABMR [3,7,8,12,30] and maximum

efforts should be made to avoid its appearance and to

detect its development following major immunosuppres-

sive changes.

Another interesting finding in our series is that in five

patients with preconversion HLA-Abs, these disappeared

after conversion. This effect cannot easily be interpreted. It

might be a consequence of Abs fluctuation with time

[35,36], but it might also be explained by the modifications

on regulatory CD25 T-cells induced by mTORi [22] and its

possible effects suppressing alloimmune responses as it has

been suggested by Salama et al. [37].

According to our results, conversion to an mTORi-based

protocol with CNI elimination can be associated with an

increased risk of developing de novo HLA-Abs, especially in

patients with preformed Abs before conversion. Further

studies are needed to confirm these results. In our opinion,

the HLA-Abs status should be checked in all renal trans-

plant patients considered for conversion to an mTORi-

based protocol with CNI elimination and in those patients

with preformed HLA-Abs the risks of conversion should be

carefully balanced with the benefits according to the indica-

tion for conversion. In those patients converted to an

mTORi, we suggest that they should be routinely screened

in the first months after conversion for the appearance of

de novo HLA-Abs and in those cases where new HLA-Abs

are detected a quick reconversion to a CNI should be

considered, although the effect of this strategy needs to be

evaluated. These recommendations seem to be adequate

irrespective of the moment of conversion or the indication

for mTORi introduction.
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