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ORIGINAL ARTICLE

Conversion to mammalian target of rapamycin inhibitors
increases risk of de novo donor-specific antibodies
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Summary
In kidney transplantation, conversion to mammalian target of rapamycin
(mTOR) inhibitors may avoid calcineurin inhibitor (CNI) nephrotoxicity, but its
impact on post-transplant allo-immunization remains largely unexplored. This
retrospective cohort study analyzed the emergence of donor-specific antibodies
(DSA) in kidney transplant recipients relative to their immunosuppressive therapy. Among 270 recipients without pretransplant immunization who were
screened regularly for de novo DSA, 56 were converted to mTOR inhibitors after
CNI withdrawal. DSA emergence was increased in patients who were converted to
mTOR inhibitors (HR 2.4; 95% CI 1.06–5.41, P = 0.036). DSA were mainly directed against donor HLA-DQB1 antigens. The presence of one or two DQ mismatches was a major risk factor for DQ DSA (HR 5.32; 95% CI 1.58–17.89 and
HR 10.43; 95% CI 2.29–47.56, respectively; P < 0.01). Rejection episodes were
more likely in patients converted to mTOR inhibitors, but this difference did not
reach significance (16% vs. 7.9%, P = 0.185). Concerning graft function, no significant change was observed one year after conversion (P = 0.31). In conclusion,
conversion to mTOR inhibitors may increase the risk of developing class II DSA,
especially in the presence of DQ mismatches: this strategy may favor chronic antibody-mediated rejection and thus reduce graft survival.

doi:10.1111/tri.12330

Introduction
Over the last decade, kidney transplantation has become
highly successful at treating end-stage renal disease. However, long-term graft outcomes are still limited by chronic
allograft dysfunction (CAD). Pathogenesis of CAD is multifactorial, with both immune and non-immune factors contributing to the progressive loss of kidney function. In the
latter case, long-term exposure to calcineurin inhibitors
(CNI) causes chronic irreversible damages [1]. Thus, a key
challenge is to develop non-nephrotoxic immunosuppressive strategies and mammalian target of rapamycin inhibitors (mTORi) have been assessed as possible candidates.
© 2014 Steunstichting ESOT 27 (2014) 775–783

Many trials have evaluated the safety and efficacy of
replacing CNI by mTOR inhibitors after kidney transplantation. In the CONVERT study, 830 recipients were converted from CNI to sirolimus, and glomerular filtration
rate improved only in those patients with good kidney
function at the time of conversion [2]. Furthermore, other
studies confirmed that this beneficial effect occurred in
patients converted before 6 months post-transplant [3–6].
In the ZEUS study [4], where patients were converted at
4–5 months after kidney transplantation, everolimus
treatment was associated with improved renal function at
1 year despite an increased risk of acute rejection. In contrast, the ASCERTAIN trial [7] showed that conversion to
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everolimus, with elimination or minimization of CNI, had
no overall impact on allograft function. The benefits of
conversion from CNI to mTOR inhibitor-based immunosuppression, therefore, remain uncertain.
Besides the toxicity of CNI regimens, the contribution of
antibody-mediated rejection (AMR) to the development of
CAD has also been increasingly recognized. AMR is triggered by humoral immunity, which is mediated by various
types of antibodies, especially donor-specific anti-human
leukocyte antigen (HLA) antibodies. Thus, allo-antibodies
are a serious problem in clinical transplantation: donorspecific antibodies (DSA) that appear after renal allograft
have been associated with acute rejection episodes [8–10],
and a number of reports have also demonstrated that DSA
are a marker for poor long-term graft outcome [11–16].
Despite these advances and their evident implications in
CAD, few published studies have focused on the impact of
this conversion on the development of post-transplant DSA
and their potential influence on kidney allograft function.
In the Postconcept study [17], conversion from cyclosporine to sirolimus at 3 months post-transplant did not
increase the risk of emergence of anti-HLA antibodies. In
contrast, Liefeldt et al. [18] showed for the first time that
everolimus-based immunosuppression was associated with
an increased risk for the development of DSA and AMR,
and Kamar et al. [19] confirmed in a retrospective study a
numerically increased incidence of DSA on a CNI-free everolimus-based immunosuppression: this finding though
was not significant.
Thus, the main objective of this study was to assess the
impact of conversion from CNI to mTOR inhibitors on
post-transplant allo-immunization in our cohort of immunologically na€ıve kidney transplant recipients. We also
wished to analyze whether the delay of conversion influenced immunization status in these patients.
Materials and methods
Patients
All patients (n = 462) who had received a kidney transplant
from a living or deceased donor, at Grenoble Hospital,
between January 1, 2005 and December 31, 2009 were
assessed for inclusion into this retrospective study. All kidney transplantations were conducted with a negative current
donor/recipient immunoglobulin G T-cell complementdependent cytotoxicity cross-match. The patients, while on
the kidney transplant waiting list, had been regularly
screened for the presence of HLA antibodies using the same
Luminexâ technology (One Lambda Inc., Canoga Park, CA,
USA). Of the total, 179 patients with pretransplant immunization were excluded from the analysis; 13 other recipients
were also excluded: eight had lost their graft during the first
days post-transplantation because of vascular complications,
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three patients died during the first 3 months, and two were
lost to follow-up. The study thus included 270 patients, and
the mean follow-up period was 3.8 years (range: 1.4–6.3).
Immunosuppression
Concerning induction therapy, rabbit antithymocyte globulin (rATG) was administered to 217 recipients (80.4%). 43
patients (15.9%) received an interleukin-2 receptor antagonist (IL2-RA) as they were considered to have an even more
low immunological risk (first allograft without a previous
immunological event). Ten patients (3.7%) did not receive
an induction treatment because of an HLA-identical living
donor.
All patients received corticosteroids until month 3 posttransplant except for 63 recipients (23.3%) who had early
steroid discontinuation defined as withdrawal of the treatment before day 10 because of diabetes.
Among the 270 patients included, 56 (21%) were converted to mTOR inhibitors after CNI withdrawal at various
times post-transplantation. The mean post-transplant time
at conversion was 1.3  0.8 years. Recipients who were
selected for this conversion were patients with a stable renal
function and a lower immunological risk (first allograft
without previous rejection episode or immunological event
such as transfusion or pregnancy). The main reason for this
change in immunosuppression before 2009 was neoplasia.
Thirty-seven recipients were converted before 2009 at a
mean post-transplant time of 1.7  1.4 years: 27 because
of previous history of cancer, three because of BK virus
nephropathy and seven because of post-transplant neoplasia. These patients did not have allograft biopsy before conversion. Since January 1, 2009, protocol allograft biopsies
have been performed at 3 months post-transplantation in
all recipients. Conversion has been then implemented only
in patients who had no histological sign of rejection or borderline injuries in the protocol biopsy. Since 2009, 19
patients were converted at 3.5 months post-transplantation
to avoid CNI nephrotoxicity. All these 19 recipients had
protocol allograft biopsy before conversion, at 3 months
post-transplantation: using Banff classification, 16 biopsies
were normal (category 1) and three had interstitial fibrosis
and tubular atrophy (category 5).
Conversion consisted of abrupt discontinuation of CNI,
which was immediately replaced by mTOR inhibitors,
either sirolimus (n = 47) or everolimus (n = 9).
No patient had HLA antibodies at the time of conversion to mTOR inhibitors. These 56 patients constituted the
‘mTORi group’, whereas the other 214 recipients constituted the ‘CNI group’ (tacrolimus: 197 recipients, cyclosporine: 17 recipients).
Detailed maintenance immunosuppression in the two
groups is specified in Table 1.
© 2014 Steunstichting ESOT 27 (2014) 775–783
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Table 1. Baseline characteristics of all patients and of mTORi and CNI groups.
All patients
n = 270
Age (years), mean  SD
Gender: male, n (%)
First renal allograft, n (%)
Primary etiology of nephropathy, n (%)
Glomerular disease
Polycystic kidney disease
Chronic tubulo-interstitial nephropathy
Vascular nephropathy
Unknown
Immunological event:
transfusion/pregnancy/transplantectomy, n (%)
Donor type: deceased, n (%)
Expanded criteria donor*, n (%)
HLA mismatches, mean  SD
Class I
DQ
DR
Cold ischemia time (hours), mean  SD
Delayed graft function†, n (%)
History of acute pyelonephritis/CMV/BK virus
infections, n (%)
Induction therapy, n (%)
rATG
IL2-RA
None
Early steroid discontinuation‡, n (%)
Current immunosuppression, n (%)
CNI§/MMF
mTOR inhibitor¶/MMF
CNI§/MMF/Prednisone**
CNI§
mTOR inhibitor¶/MMF/Prednisone**
CNI§/Prednisone**
CNI§/Azathioprine
mTOR inhibitor¶/Prednisone**
MMF dose (mg/day), mean  SD
Banff category on screening biopsy at M3, n
Category 1 (normal), n (%)
Category 3 (borderline injuries), n (%)
Category 5 (IF/TA), n (%)

mTORi
n = 56

50.4  14.3
183 (67.8)
260 (96.3)

51.9  13
40 (71.4)
54 (96.4)

95 (35.2)
63 (23.3)
31 (11.5)
21 (7.8)
60 (22.2)
120 (44.4)
241 (89.3)
76 (28.1)
2.3  0.9
0.6  0.6
1.0  0.6
19.4  29.5
50 (18.5)
58 (21.5)

217 (80.4)
43 (15.9)
10 (3.7)
63 (23.3)
177 (65.6)
44 (16.3)
14 (5.2)
11 (4.1)
7 (2.6)
6 (2.2)
6 (2.2)
5 (1.8)
1066  406
56
47 (83.9)
4 (7.1)
5 (9)

CNI
n = 214

P

50  14.6
143 (66.8)
206 (96.3)

0.360
0.511
0.953

24 (42.9)
11 (19.6)
6 (10.7)
6 (10.7)
9 (16.1)
92 (43)

71 (33.2)
52 (24.3)
25 (11.7)
15 (7)
51 (23.8)
24 (42.8)

0.178
0.463
0.840
0.357
0.214
0.986

50 (89.3)
17 (30.4)

191 (89.3)
59 (27.6)

0.994
0.680

2.3  0.9
0.7  0.6
1.0  0.6
18.7  38.6
11 (19.6)
11 (19.6)

39 (69.6)
17 (30.4)
0 (0)
12 (21.4)
0 (0)
44 (78.6)
0 (0)
0 (0)
7 (12.5)
0 (0)
0 (0)
5 (8.9)
1079  382
19
16 (84.2)
0 (0)
3 (15.8)

2.4  0.9
0.6  0.6
1.0  0.6
19.7  38.6
39 (18.2)
47 (22)

178 (83.2)
26 (12.1)
10 (4.7)
51 (23.8)
177 (82.7)
0 (0)
14 (6.6)
11 (5.1)
0 (0)
6 (2.8)
6 (2.8)
0 (0)
1053  438
37
31 (83.8)
4 (10.8)
2 (5.4)

0.617
0.166
0.728
0.317
0.808
0.707

0.023
0.001
0.100
0.705

0.809
0.967
0.140
0.201

CMV, cytomegalovirus; MMF, mycophenolate mofetil; IF/TA, interstitial fibrosis, tubular atrophy.
*Defined as donor age >60 years or between 50 and 60 years with two risk factors: hypertension, serum creatinine >250 lM, or a lethal cerebrovascular stroke.
†Defined as the necessity for at least one dialysis session during the first week post-transplant.
‡Defined as withdrawal of steroids before day 10 post-transplantation.
§Tacrolimus and cyclosporine were administered to obtain targeted blood trough levels of 4–8 lg/l and C2 levels of 350–450 ng/ml, respectively.
¶Everolimus and sirolimus doses were adjusted to maintain blood trough levels of 6–10 and 8–12 ng/ml, respectively.
**5 mg/day.

Everolimus and sirolimus doses were adjusted to maintain blood trough levels of 6–10 and 8–12 ng/ml, respectively. Tacrolimus and cyclosporine were administered to
obtain targeted blood trough levels of 10–15 lg/l and C2
© 2014 Steunstichting ESOT 27 (2014) 775–783

levels of 500–800 ng/ml during the first month, and then
4–8 lg/l and 350–450 ng/ml, respectively.
We noted 30% (n = 17) of mTORi discontinuations,
because of low tolerance to the medication (n = 8) or
777
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because of the emergence of HLA allo-antibodies (n = 7)
or cellular rejection (n = 2) after conversion.
Follow-up time after conversion to mTOR inhibitors
varied from 7.5 months to 5.8 years, with a mean value of
24.2  16.7 months.

post-transplantation or at time of DSA occurrence. P-values <0.05 were considered as significant throughout the
study. Statistical analysis was performed with SPSS 13.0 for
Windows (SPSS Inc., Chicago, IL, USA).
Results

Post-transplant screening of anti-HLA antibodies
The post-transplant sera of patients were screened using the
same solid-phase Luminexâ technology. They were tested at
3, 6, 12 months and then every year post-transplant, and
when clinically indicated (increased serum creatinine with
clinical suspicion of rejection) for classes I and II HLA antibodies, using LAB-Screen Mixed Beadsâ (One Lambda Inc.,
Canoga Park, CA, USA). Samples that screened positive
were then tested using single-antigen flow beads. Beads with
normalized mean fluorescence intensity (MFI) value more
than or equal to 1000 were defined as positive.

Study population
Characteristics of the whole population, mTORi and CNI
groups are reported in Table 1. Patients converted to
mTOR inhibitors had higher proportion of IL2-RA treatment compared to the CNI group. All other characteristics
were comparable between the two populations.
Timing and characterization of DSA development

Every rejection episode was biopsy proven, and all patients
who developed post-transplant DSA underwent an allograft
biopsy. Biopsies were analyzed by light microscopy, with
histological changes graded according to the Banff 97 classification revised in 2007 [20] and a two-step indirect
immunofluorescence method. Immunofluorescence was
conducted on frozen tissue using an antibody specific to
C4d (rabbit monoclonal antibody to human C4d, Biomeda).

During the follow-up, 28 patients (10.4%) developed DSA.
All DSA were directed against donor HLA-DQB1 antigens,
associated in four cases with reactivity against DRB1 antigens, and for one patient against class I. DSA MFI varied
from 1106 to 17601 with a median value of 3435 (2153–
5373). The mean time until de novo emergence of DSA after
transplantation in our cohort was 1.9  1.4 years, and the
mean follow-up time after DSA had developed was
2.2  1.6 years. Among the 56 patients of the mTORi
group who were converted at a mean post-transplant time
of 1.3  0.8 years, 11 developed DSA, only after conversion as they had no antibodies before conversion. DSA
appeared at a mean time of 0.9  0.6 years postconversion.

Statistics

Factors associated with the development of DSA

Categorical data were reported as frequency and percentage, and continuous data as mean  standard deviation
(SD) or median (first quartile–third quartile) when the distribution was not normal. Baseline characteristics of
mTORi and CNI groups were compared using Student’s ttest for continuous variables and the chi-square (or Fisher’s
exact test when appropriate) for categorical variables.
Univariate Cox’s proportional hazards models were used
to analyze the unadjusted association between patients’
characteristics and the occurrence of DSA. We subsequently
estimated the adjusted hazard ratios (aHR) of DSA occurrence with 95% confidence intervals (CI) using a multivariate Cox’s proportional hazards model, by entering in the
model variables that were associated with P-value of <0.15
in univariate analysis: age and sex of the recipients, number
of DQ mismatches, type of induction therapy, early steroid
discontinuation and current immunosuppression (mTOR
inhibitor or CNI).
DSA-free graft survival curves were plotted using the
Kaplan–Meier estimates. Patients were censored at 4 years

Univariate analysis revealed that patients who were converted to mTOR inhibitors had a significantly increased
risk of developing DSA (HR = 2.5; 95% CI 1.17–5.33;
P = 0.018) (Table 2). Adjusting on potential confounders
(i.e., age, gender, DQ mismatches, type of induction therapy, and early steroid discontinuation) did not influence
this result (HR = 2.4; 95% CI 1.06–5.41; P = 0.036)
(Table 2). As expected, the presence of one or two DQ mismatches between the donor and recipient was another
major risk factor for the emergence of DQ DSA (Table 2),
with adjusted HR of 5.32 (95% CI 1.58–17.89) and 10.43
(95% CI 2.29–47.56), respectively (P < 0.01).
The CNI group received more ATG than the mTORi
group: this may infer a protective role of ATG induction in
DSA emergence, but multivariate analysis does not confirm
this hypothesis (as shown in Table 2). The ‘DSA-free graft
survival’ Kaplan–Meier curves for the two groups are
shown in Fig. 1.
Post hoc subgroup analysis was conducted within the
mTORi group according to the delay between transplanta-

Allograft biopsies
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Table 2. Factors associated with development of DSA on univariate and multivariate analysis.
DSA +
n = 28
Age (years), mean  SD
Gender, n (%)
Male
Female
Donor type, n (%)
Deceased
Living
Expanded criteria donor, n (%)
DQ mismatches, n (%)
0
1
2
Immunological event (transfusion/pregnancy/
transplantectomy), n (%)
Induction therapy, n (%)
rATG
IL2-RA
Early steroid discontinuation, n (%)
Current immunosuppression, n (%)
mTOR inhibitor
CNI

45.7  15.1

DSA
n = 242
50.9  14.1

Univariate analysis

Multivariate analysis*

95% CI

P

0.98

0.96–1.01

0.14

2.36

0.90–6.22

0.08

HR

95% CI

P

0.98

0.95–1.01

0.12

2.64

0.93–7.48

0.07

aHR

23 (82)
5 (18)

160 (66)
82 (34)

25 (89)
3 (11)
6 (21)

216 (89)
26 (11)
70 (29)

0.95
0.76

0.29–3.15
0.31–1.88

0.93
0.55

3 (11)
21 (75)
4 (14)
11 (39)

118 (49)
111 (46)
13 (5)
105 (52)

6.66
11.26
0.78

1.99–22.33
2.52–50.41
0.37–1.68

0.002
0.002
0.53

5.32
10.43

1.58–17.89
2.29–47.56

0.007
0.002

19 (68)
7 (25)
2 (7)

198 (82)
36 (15)
61 (25)

2.18
0.29

0.92–5.16
0.07–1.23

0.075
0.09

1.52
0.44

0.63–3.67
0.10–1.92

0.35
0.28

11 (39)
17 (61)

45(19)
197 (81)

2.50

1.17–5.33

0.018

2.4

1.06–5.41

0.036

*A Cox’s proportional hazard model was developed by entering variables associated with a P-value <0.15 in the univariate analysis.

The net increment in DSA in the mTORi group from
the time of conversion to mTORi is shown on the Kaplan–Meier curves of Fig. 3, subdivided in two groups
according to the interval between transplantation and
conversion.
Clinical outcomes: rejection episodes and allograft
function

Figure 1 Kaplan–Meyer estimation of ‘DSA-free graft survival’ for the
two groups.

tion and conversion. Using a cut-off point of 1 year
post-transplant, we showed that early conversion is an
important risk factor (HR = 4.54; 95% CI 2.02–10.22;
P < 0.001) (Table 3, Fig. 2). In contrast, we did not
observe any difference in the risk of DSA emergence
between patients who were converted after this time point
and recipients who were still treated with CNI.
© 2014 Steunstichting ESOT 27 (2014) 775–783

Overall graft and patient survival rates were 97.3% and
98.2% in the mTOR inhibitor group, 97.6% and 98.6% in
the CNI group, respectively.
Graft function, estimated from mean serum creatinine,
did not vary significantly during the first year following
conversion in the mTORi group, despite the development
of DSA. This was evaluated by one-way ANOVA of measured creatinine levels at different times post-conversion
(day 0, months 3, 6, 9, and 12). Mean serum creatinine
before conversion was 145  53 lM, whereas at 1 year
post-conversion, it was 149  58 lM (P = 0.31). Using the
same statistical method, proteinuria in mTORi group
numerically increased during our follow-up (0.03  0.04
g/L before conversion, 0.34  0.62 g/L 1 year later), but
this was not significant (P = 0.85).
Renal function and proteinuria of CNI and mTORi
groups did not vary differently during our follow-up
(P = 0.98 for renal function and proteinuria): they were
779
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Table 3. Subgroup analysis according to the interval between transplantation and conversion to mTORi.
Univariate analysis
Conversion to mTOR inhibitors

DSA +n = 28

DSA -n = 242

HR

95% CI

P-value

No conversion, n (%)
Conversion before 1 year post-transplant, n (%)
Conversion after 1 year post-transplant, n (%)

17 (7.9)
9 (28.1)
2 (8.3)

197 (92.1)
23 (71.9)
22 (91.7)

4.54*
0.82*

2.02–10.22
0.19–3.57

<0.001
0.79

*Compared with patients without conversion.

Figure 2 Kaplan–Meyer estimation of ‘DSA-free graft survival’ for CNI
group and mTORi group subdivided according to the interval between
transplantation and conversion.

At our last follow-up, 26 cases (9.6%) of biopsy-proven
rejection had been reported: 14 cellular rejections, 10 AMR,
and two had both cellular and humoral lesions. Rejection
episodes were more likely in patients converted to mTOR
inhibitors compared to recipients still treated with CNI,
but this difference did not reach significance (14.3% vs.
8.4%, P = 0.185). This was true for both AMR (7.1%
vs. 3.7%, P = 0.279) and acute cellular rejection (7.1% vs.
5.6%, P = 0.75).
Among the 28 patients who developed de novo DSA,
only 13 (46.4%) presented an acute or chronic antibodymediated rejection during our follow-up. Renal function of
these 28 patients deteriorated significantly from 6 months
before DSA emergence until the end of our follow-up (oneway ANOVA, P = 0.037). Mean serum creatinine
6 months before DSA emergence was 141  37 lM,
whereas, at 1 year post-DSA, it was 176  45 lM. Proteinuria of the same group did not vary significantly
(P = 0.072).
Discussion

Figure 3 Kaplan–Meyer estimation of ‘DSA-free graft survival’ in
mTORi group since the time of conversion to mTORi, subdivided according to the interval between transplantation and conversion.

compared by ANOVA of measured creatinine levels and
proteinuria at different times post-transplantation (every
3 months from the day of transplantation until the end of
our follow-up).
780

As of today, clinical trials that have focused on the benefits of replacing CNI with mTORi have provided contradictory results. Some studies [4] have shown that
discontinuation of CNI with introduction of mTORi is
associated with improved renal function, despite an
increased risk of acute rejection, whereas other studies
have reported similar rejection rates [21–25] but no substantial benefit on renal function [21, 22, 24, 26]. Despite
these results, and evidence showing that early discontinuation of CNI or total avoidance can increase rejection episodes [27–30], the large randomized conversion trials [2,
17] have not shown a more important immunological
risk, even in the late follow-up analysis. However, these
multicenter trials were not designed to look for immunization even though in the 4-year results of the postconcept study, no difference was found between the two
populations (sirolimus vs. cyclosporine) in terms of proportion of HLA antibody appearance. Specificity of the
antibodies though was not analyzed and so it is impossible
to conclude on the prevalence of DSA. The discovery and
continuous optimization of Luminexâ technology has per© 2014 Steunstichting ESOT 27 (2014) 775–783
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mitted the detection of low titer HLA antibodies that in
the past were invisible. This probably explains why previous studies have not described results similar to ours.
One study of Liefeldt et al. [18] has focused on the
impact of this conversion on post-transplant DSA. They
showed that early conversion from cyclosporine to everolimus favors emergence of donor-specific HLA antibodies
and AMR. Our results confirm their findings but differ
somewhat: (i) The immunosuppressive regimen before
conversion in our mTORi group and in CNI group is
essentially based on tacrolimus, a drug considered more
potent than cyclosporine; (ii) The vast majority of our
patients (80%) received rATG as induction therapy; (iii)
Our study population includes late conversions (after
1 year post-transplant) and these patients had no increased
risk of DSA development. Overall, despite a strong induction protocol and maintenance by tacrolimus, we confirm
that conversion to mTORi with CNI withdrawal is a risk
factor for DSA development. Furthermore, our subgroup
analysis suggests that early conversions (before 1 year posttransplant) are particularly concerned and that this strategy
may be applied more serenely afterward.
Another element that distinguishes our analysis is the
predominance of class II DSA, in particular against DQB
antigens. The finding that DQB is a preferred target antigen
agrees with observations made by other investigators [31–
33] who have also reported class II DSA to be more closely
related to renal dysfunction because of chronic AMR: this
is confirmed by our results. These findings are not
restricted to kidney transplantation, as a similar predominance of class II DSA associated with cardiac allograft vasculopathy and decreased graft survival has been
documented in heart transplant patients [34]. As the follow-up of our study is limited, it does not allow us to see
the long-term effects of the immunization process. We can
only speculate that the prevalence of class II antibodies in
our cohort will influence negatively graft survival with a
higher proportion of mTORi-treated patients suffering in
the future from chronic AMR.
The impact of HLA DQ mismatches between donor
and recipient on the emergence of de novo DQ DSA is
also highlighted by our study. This result shows the
major interest of proper donor/receiver HLA matching,
especially for DQ antigens, rarely taken into account in
the allocation process.
This study certainly has some limitations. First of all, it is
monocentric and retrospective. The population converted
to mTOR inhibitors was not randomized but, rather, was
selected on the basis of the absence of previous immunization or rejection episode. This could be regarded as a selection bias, but because conversion concerned the population
with the lower immunological risk, our results are all the
more striking.
© 2014 Steunstichting ESOT 27 (2014) 775–783
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All these findings infer that the brutal withdrawal and
replacement of CNI with mTORi is probably a bad immunosuppressive strategy, especially if made during the early
stages of transplantation. Our results are probably
explained by an overall under-immunosuppression in the
mTORi-treated group, but this contradicts with the fact
that only 7% of these patients suffered from acute cellular
rejection and this proportion did not differ from the CNI
group. This immunosuppressive regimen probably alters
the balance between humoral and cellular immunity, but
explaining the mechanisms behind this process is pure
speculation at the time being.
In conclusion, we believe that caution must be taken
when converting patients from CNI to mTORi regimen,
even those considered at low immunological risk: late conversion is probably more feasible and DQ-mismatched
patients should not be considered for this therapeutic strategy.
Disclosure
The results presented in this paper have not been published
previously in whole or part, except in abstract format.
Part of this work has been presented as an oral communication at the American Transplant Congress 2012.
Authorship
L-EC: performed study/collected and analyzed data/wrote
the paper. RT: designed study. MR: analyzed data. PM:
contributed important reagents. BJ: contributed important
reagents. TJ: contributed important reagents. NP: analyzed
data: DM: analyzed data. J-LQ: analyzed data; FB: contributed important reagents. PZ: contributed important
reagents.
Funding
The authors have declared no funding.
References
1. Chapman JR. Chronic calcineurin inhibitor nephrotoxicitylest we forget. Am J Transplant 2011; 11: 693.
2. Schena FP, Pascoe MD, Alberu J, et al. Conversion from calcineurin inhibitors to sirolimus maintenance therapy in
renal allograft recipients: 24-month efficacy and safety
results from the CONVERT trial. Transplantation 2009; 87:
233.
3. Holdaas H, Bentdal O, Pfeffer P, Mjornstedt L, Solbu D,
Midtvedt K. Early, abrupt conversion of de novo renal
transplant patients from cyclosporine to everolimus: results
of a pilot study. Clin Transplant 2008; 22: 366.
781

mTOR inhibitors and donor-specific antibodies

4. Budde K, Becker T, Arns W, et al. Everolimus-based,
calcineurin-inhibitor-free regimen in recipients of de-novo
kidney transplants: an open-label, randomised, controlled
trial. Lancet 2011; 377: 837.
5. Weir MR, Mulgaonkar S, Chan L, et al. Mycophenolate mofetil-based immunosuppression with sirolimus in renal
transplantation: a randomized, controlled Spare-the-Nephron trial. Kidney Int 2011; 79: 897.
6. Lebranchu Y, Thierry A, Toupance O, et al. Efficacy on
renal function of early conversion from cyclosporine to sirolimus 3 months after renal transplantation: concept study.
Am J Transplant 2009; 9: 1115.
7. Holdaas H, Rostaing L, Seron D, et al. Conversion of longterm kidney transplant recipients from calcineurin inhibitor
therapy to everolimus: a randomized, multicenter, 24month study. Transplantation 2011; 92: 410.
8. Colvin RB. Antibody-mediated renal allograft rejection: diagnosis and pathogenesis. J Am Soc Nephrol 2007; 18: 1046.
9. Crespo M, Pascual M, Tolkoff-Rubin N, et al. Acute
humoral rejection in renal allograft recipients: I. Incidence,
serology and clinical characteristics. Transplantation 2001;
71: 652.
10. Mauiyyedi S, Crespo M, Collins AB, et al. Acute humoral
rejection in kidney transplantation: II. Morphology, immunopathology, and pathologic classification. J Am Soc Nephrol
2002; 13: 779.
11. Worthington JE, Martin S, Al-Husseini DM, Dyer PA, Johnson RW. Posttransplantation production of donor HLAspecific antibodies as a predictor of renal transplant outcome. Transplantation 2003; 75: 1034.
12. Mao Q, Terasaki PI, Cai J, et al. Extremely high association
between appearance of HLA antibodies and failure of kidney
grafts in a five-year longitudinal study. Am J Transplant
2007; 7: 864.
13. Lachmann N, Terasaki PI, Budde K, et al. Anti-human
leukocyte antigen and donor-specific antibodies detected
by luminex posttransplant serve as biomarkers for
chronic rejection of renal allografts. Transplantation
2009; 87: 1505.
14. Lee PC, Zhu L, Terasaki PI, Everly MJ. HLA-specific antibodies developed in the first year posttransplant are predictive of chronic rejection and renal graft loss. Transplantation
2009; 88: 568.
15. Terasaki PI, Ozawa M. Predicting kidney graft failure by
HLA antibodies: a prospective trial. Am J Transplant 2004;
4: 438.
16. Mizutani K, Terasaki P, Rosen A, et al. Serial ten-year
follow-up of HLA and MICA antibody production
prior to kidney graft failure. Am J Transplant 2005; 5:
2265.
17. Lebranchu Y, Thierry A, Thervet E, et al. Efficacy and safety
of early cyclosporine conversion to sirolimus with continued
MMF-four-year results of the Postconcept study. Am J
Transplant 2011; 11: 1665.

782

Croze et al.

18. Liefeldt L, Brakemeier S, Glander P, et al. Donor-specific
HLA antibodies in a cohort comparing everolimus with
cyclosporine after kidney transplantation. Am J Transplant
2012; 12: 1192.
19. Kamar N, Del Bello A, Congy-Jolivet N, et al. Incidence
of donor-specific antibodies in kidney transplant
patients following conversion to an everolimus-based
calcineurin inhibitor-free regimen. Clin Transplant 2013;
27: 455.
20. Solez K, Colvin RB, Racusen LC, et al. Banff 07 classification
of renal allograft pathology: updates and future directions.
Am J Transplant 2008; 8: 753.
21. Flechner SM. Sirolimus in kidney transplantation indications and practical guidelines: de novo sirolimus-based therapy without calcineurin inhibitors. Transplantation 2009; 87
(8 Suppl): S1.
22. Buchler M, Caillard S, Barbier S, et al. Sirolimus versus
cyclosporine in kidney recipients receiving thymoglobulin,
mycophenolate mofetil and a 6-month course of steroids.
Am J Transplant 2007; 7: 2522.
23. Hamdy AF, El-Agroudy AE, Bakr MA, et al. Comparison of sirolimus with low-dose tacrolimus versus sirolimus-based calcineurin inhibitor-free regimen in live
donor renal transplantation. Am J Transplant 2005; 5:
2531.
24. Webster AC, Lee VW, Chapman JR, Craig JC. Target of rapamycin inhibitors (sirolimus and everolimus) for primary
immunosuppression of kidney transplant recipients: a systematic review and meta-analysis of randomized trials.
Transplantation 2006; 81: 1234.
25. Stephany BR, Augustine JJ, Krishnamurthi V, et al. Differences in proteinuria and graft function in de novo sirolimus-based vs. calcineurin inhibitor-based
immunosuppression in live donor kidney transplantation.
Transplantation 2006; 82: 368.
26. Larson TS, Dean PG, Stegall MD, et al. Complete avoidance
of calcineurin inhibitors in renal transplantation: a randomized trial comparing sirolimus and tacrolimus. Am J Transplant 2006; 6: 514.
27. Ekberg H, Tedesco-Silva H, Demirbas A, et al. Reduced
exposure to calcineurin inhibitors in renal transplantation.
N Engl J Med 2007; 357: 2562.
28. Guerra G, Srinivas TR, Meier-Kriesche HU. Calcineurin
inhibitor-free immunosuppression in kidney transplantation. Transpl Int 2007; 20: 813.
29. Oberbauer R. Protocol conversion from a calcineurin
inhibitor based therapy to sirolimus. Transplantation 2009;
87(8 Suppl): S7.
30. Hamdy AF, Bakr MA, Ghoneim MA. Long-term efficacy
and safety of a calcineurin inhibitor-free regimen in livedonor renal transplant recipients. J Am Soc Nephrol 2008;
19: 1225.
31. Ozawa M, Rebellato LM, Terasaki PI, et al. Longitudinal
testing of 266 renal allograft patients for HLA and

© 2014 Steunstichting ESOT 27 (2014) 775–783

Croze et al.

MICA antibodies: greenville experience. Clin Transpl.
2006; 20: 265.
32. Duquesnoy RJ, Awadalla Y, Lomago J, et al. Retransplant
candidates have donor-specific antibodies that react with
structurally defined HLA-DR, DQ, DP epitopes. Transpl
Immunol 2008; 18: 352.
33. Kobayashi T, Maruya E, Niwa M, et al. Significant association between chronic antibody-mediated rejection and

© 2014 Steunstichting ESOT 27 (2014) 775–783

mTOR inhibitors and donor-specific antibodies

donor-specific antibodies against HLA-DRB rather than
DQB in renal transplantation. Hum Immunol 2011; 72:
11.
34. Kaczmarek I, Deutsch MA, Kauke T, et al. Donor-specific
HLA alloantibodies: long-term impact on cardiac allograft
vasculopathy and mortality after heart transplant. Exp Clin
Transplant 2008; 6: 229.

783

