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Pre-existing donor-specific antibodies are
detrimental to kidney allograft only when
persistent after transplantation
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Donor-specific antibodies (DSA) increase the risk of allograft rejection and
graft failure. They may be present before transplant or develop de novo
after transplantation. Here, we studied the evolution of preformed DSA
and their impact on graft outcome in kidney transplant recipients. Using
the Luminex Single Antigen assay, we analyzed the sera on the day of
transplantation of 239 patients who received a kidney transplant. Thirty-
seven patients (15.5%) had pre-existing DSA detected the day of transplan-
tation. After 5 years, the pre-existing DSA disappeared in 22 patients
whereas they persisted in 12. Variables associated with DSA persistence
were age <50 years (P = 0.009), a history of previous transplantation
(P = 0.039), the presence of class II DSA (P = 0.009), an MFI of preformed
DSA >3500 (P < 0.001), and the presence of two or more DSA
(P < 0.001). DSA persistence was associated with a higher risk of graft loss
and antibody-mediated rejection. Previously undetected preformed DSA are
deleterious to graft survival only when they persist after transplantation.
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and DSA that cannot be identified by other techniques.
Pre-existing DSA could be retrospectively identified

It is widely recognized that anti-HLA antibodies, partic-
ularly donor-specific antibodies (DSA), increase the risk
of allograft rejection and graft failure after kidney trans-
plantation [1-3]. Both pre-existing and de novo DSA
may have a negative impact on graft outcome. Recently,
the detection of DSA has improved through the use of
new technologies such as the Luminex assay, which is
much more sensitive than complement-dependent cyto-
toxicity cross-match (CDCXM) and ELISA tests. The
Luminex technology enables the detection of antibodies
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using the Luminex assay in patients in whom CDCXM
and ELISA failed to detect DSA [4,5]. In a study by
Lefaucheur et al. [6], pre-existing DSA were identified a
posteriori by ELISA and Luminex assays in kidney trans-
plant recipients with negative IgG CDCXM. Patients
with pre-existing DSA had an increased risk of acute
humoral rejection and graft failure, and the higher the
mean fluorescence intensity (MFI) in SA, the greater the
risk. Nevertheless, the evolution of pre-existing DSA
after transplantation was not described in the
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Lefaucheur’s study [6], nor in most of the published
literature.

Therefore, we retrospectively investigated the sera
from the day of transplantation in kidney transplant
recipients using the Luminex assay to describe the evo-
lution and the impact of undetected pre-existing DSA
on graft outcome in patients who did not undergo anti-
body reduction therapy.

Patients

We retrospectively included all patients who underwent
kidney transplantation at the University Hospital of
Strasbourg (France) between January 2005 and Decem-
ber 2007. The inclusion criteria were as follows: age
>18 years, kidney or simultaneous pancreas kidney
transplantation, living or deceased donor, and IgG- and
IgM-negative CDCXM (current and historical sera).
Patients transplanted with heart, lung or liver, graft fail-
ure due to a surgical cause, death in the first month,
treatment with IVIg, plasmapheresis or rituximab on
the day of transplantation were excluded. The following
recipient-related variables were collected: age, sex, kid-
ney disease, dialysis type and duration, HLA type,
immunizing events, EBV and CMV status. The type,
age, cause of death, HLA type, EBV and CMV status
were determined in all donors. The collected parameters
related to transplantation included cold ischemia time,
immunosuppression  protocol, and post-transplant
blood transfusions or pregnancies.

Immunosuppression regimen

After transplantation, the immunosuppressive treatment
consisted of induction therapy with either basiliximab
(Simulect®; Novartis, Basel, Switzerland) or antithymocyte
globulins (ATG, Thymoglobulins®; Genzyme, Lyon,
France), calcineurin inhibitors (cyclosporine or tacroli-
mus), mycophenolate mofetil, and steroids. Steroids were
initially given at a dose of 1 mg/kg/day and then progres-
sively tapered off during the first four post-transplant
months. In immunologically high-risk patients or those
with a history of acute rejection, steroids were continued at
a dose of 0.1 mg/kg/day. Target trough levels of tacrolimus
were 10-12 ng/ml in the first 3 months, 8-10 ng/ml from
4 to 6 months, and 6-8 ng/ml thereafter. Target trough
levels of cyclosporine were 150-200 ng/ml in the first
6 months, 125-150 ng/ml from 6 to 12 months, and 75—
125 ng/ml thereafter. The target for MPA AUC, i, 1, at
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M3 was 30-60 h.mg/l. In cases of acute cellular rejection,
steroid pulses were given for 3 days, followed by oral ster-
oids at a dose of 1 mg/kg/day, in addition to a switch to
tacrolimus in patients treated with cyclosporine.
Treatment of antibody-mediated rejection consisted in
steroids pulse during three consecutive days, IVIg 2 g/kg
total dose, three cycles every 3 weeks, and rituximab
375 mg/m2 one or two injections (Roche, Basel, Switzer-
land). Plasmapheresis was performed in two patients. Of
them, one patient had preformed DSA and lost its graft
because of acute antibody-mediated rejection in the first
post-transplant month. The other patient (with no pre-
existing DSA) developed de novo DSA 2 years after trans-
plantation. Treatment was adapted according to general
status, comorbidities, and infectious risk of the recipient.
The study was approved by the Institutional Review
Board, and all participants provided their written con-
sent in accordance with the Declaration of Helsinki.

CDCXM and HLA typing

With regard to organ allocation, we considered as forbidden
antigens all of the antigens with corresponding antibodies
characterized by a MFI reactivity >1000 in SAB. Comple-
ment-dependent cytolysis cross-matching was performed
using current and historical serum samples. The sera were
initially incubated with donor’s T and B spleen lymphocytes
separated by magnetic beads tests (Dynabeads; Life Tech-
nologies, Villebond sur Yvette, France) for 30 min at
+25 °C. Subsequently, we performed an additional 45-min
incubation with rabbit complement (Cedarlane, Burlington,
NC, USA) at +25 °C. All of the tests were performed either
in the presence or absence of dithiothreitol (DTT) to distin-
guish between IgG and IgM reactivity. After lysis, the Flu-
oroQuench dye (One Lambda Inc., Canoga Park, CA,
USA) was used to differentiate live from lysed cells. When
at least 50% of target cells were lysed, the test was defined
as positive. All recipients and donors were molecularly
typed for HLA-A*, HLA-B*, HLA-DRBI1*, and HLA-
DQBI1* antigens at low resolution. Donors were further
typed for other loci corresponding to recipient antibodies.
Molecular typing was performed by reverse sequence-speci-
fic oligonucleotides (SSO) hybridization (LABtype SSO;
One Lambda Inc.) or by PCR amplification with sequence-
specific primers (SSP; Olerup SSP; West Chester, PA, USA).

Detection of anti-HLA antibodies and definition of
DSA

Luminex antibody testing was performed on sera
obtained at JO, M12, M24, M36, M48, and M60 after
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transplantation. Antibodies to HLA-A, B, C, DRBI,
DRB5, DRB3, DRB4, DQA1, DQBI, and DPBI1 alleles
were analyzed. The sera were tested for the presence
of anti-HLA antibodies using Luminex LABScreen
LS1A04 and LS2A01 (One Lambda Inc.). Samples
were incubated 15 min at room temperature (+20—
25 °C) and then centrifuged before testing in bead
assay. Twenty microliters of sera was added to 5 pl of
antigen beads and was incubated for 30 min in the
dark under gentle agitation at room temperature.
After a washing step (five times), samples were incu-
bated with 100 pl of PE-conjugated goat anti-human
IgG under the same conditions used for the first
incubation. The Labscan 100 flow analyzer (Luminex,
Austin, TX, USA) was used for data acquisition and
analysis. Data were also analyzed using the HLA-
FUSION software (One Lambda). To account for the
intralaboratory wvariability, a quality control sample
containing a of antibodies
included in each series. The mean fluorescence inten-
sity (MFI) values for each bead were computed, and
the coefficients of variation (CV) were calculated. A
CV < 25% was deemed acceptable. EDTA was added
to serum to avoid the prozone effect. EDTA pretreat-
ment was performed by the addition of 10 pL dis-
odium EDTA solution (0.1 M, pH 7.5) every 90 pl of
serum [7]. MFI positivity was defined as a normalized
MFI > 500, a value in line with that found to be
associated with a higher risk of AMR in previous
studies [6,8]. In patients with several DSAs, the DSA
with the highest MFI (immunodominant DSA: iDSA)
was identified. The sum of DSA MFIs (sDSA) was
calculated. The evolution of MFI of the DSAs was
examined during a 5-year follow-up. Disappearance of
DSAs was defined by a MFI <500 at 5 years post-
transplantation (or on the date of graft failure or
patient’s death if they occurred within the first
5 years after transplantation).

known amount was

Renal pathology and kidney function

Kidney biopsies were performed based on clinical find-
ings (increased serum creatinine, onset of proteinuria)
or upon the first detection of DSA by Luminex, the
only exception being patients in whom biopsy was con-
traindicated. All biopsy specimens were reclassified
according to the Banff 2009 classification [9]. Crea-
tininemia, proteinuria, and glomerular filtration rate
measured by iohexol clearance at 1 and 5 years post-
transplantation were recorded.
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Statistical analysis

Descriptive statistics are presented as means and stan-
dard deviations or medians and ranges (as appropriate).
Patients with pre-existing DSA were compared with
patients without using Student’s #-test for continuous
variables and chi-square test for categorical variables.
The analyses of (i) patient and graft survival, (ii) the
cause-specific cumulative incidence of DSA clearance
(taking into account the competing risk of graft loss or
death), and (iii) biopsy-proven antibody-mediated
(acute and chronic) rejection were performed using the
Kaplan—Meier method (log-rank test). The date of event
onset was defined as the first date of DSA clearance,
documented rejection, graft loss, or patient death. Mul-
tivariate Cox regression analyses were performed to
adjust for clinically relevant variables that may affect
DSA clearance. Cox regression models with time-depen-
dent DSA parameters (persistence or disappearance)
were constructed to evaluate the effect of DSA clearance
on graft survival and the occurrence of antibody-
mediated rejection (with the exclusion from the latter
analysis of patients with de novo DSA). Receiver operat-
ing characteristic (ROC) curves were plotted for MFI of
pre-existing iDSA or sDSA and DSA persistence. Statis-
tical analyses were performed using sess 11.5 (SPSS,
Inc., Chicago, IL, USA). The competing risk models
have been run with the cmprsk R package, with r 3.3.1
(Vienna, Austria).

Patients at the time of transplantation

A total of 260 patients underwent kidney or SPK trans-
plantation during the study period. Twenty-one patients
were excluded (i.e., eight patients who received another
transplant organ; four patients with vascular thrombo-
sis; three deaths occurring during the first post-trans-
plant year; six patients who received plasmapheresis,
IVIg, or rituximab due to a positive historical cross-
match or FSGS recurrence prophylaxis). Finally, 239
patients were enrolled (Fig. 1). The characteristics of
the donors and recipients are summarized in Table 1. A
total of 136 patients (56.9%) had sensitizing events
before the graft transplant: 92
transfusions, 59 women had a pregnancy (65.5% of all
women; mean of 3.2 pregnancies per woman [range: 1—
13]), and 55 patients (23%) had undergone previous
transplantations.

received blood
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Consecutive kidney or
simultaneous kidney pancreas
transplantation between 01/01/2005

and 31/12/2007 (n = 260)

Heart, liver, or lung combined
transplantation (n = 8)

Graft loss due to surgical cause before M1 (n =4)

IVIg, Rituximab, or plasmapheresis at
DO (n=6)

Death with functioning graft
before M1 (n=3)

239 study patients

Using the Luminex assay, we identified previously
undetected DSA in DO sera in 37 patients (15.5%),
non-DSA anti-HLA antibodies in 46 patients (19.2%),
and no HLA antibodies in 156 patients (65.3%). The
two latter groups were combined to form the non-DSA
group (n = 202). Patients with pre-existing DSA were
slightly older than those without DSA (50 £ 9.6 vs.
47.2 + 13.8 years, P = 0.18). Thirty-five patients had a
sensitizing event before transplantation: 23 had blood
transfusions, 13 women had pregnancies (4.2 per
woman), and 24 had already undergone previous trans-
plantation (11 graft removals). Patients with pre-exist-
ing DSA had more pre-transplant sensitizing events
than those without (Table 1). Two male patients had
no pre-transplant sensitizing events. Patients with pre-
formed DSA received thymoglobulin and tacrolimus
more frequently. Among the 37 patients with pre-exist-
ing DSA detected in DO sera, 22 had class I DSA (A, B,
C) (59.5%), eight had class II DSA (DR, DQ, DP)
(21.6%), and seven had class I and class II DSA
(18.9%). iDSA had class I and class II specificity in 23
and 14 patients, respectively. The median MFI of iDSA
was 2205; 1378 for class I iDSA [range: 621-16 534]
and 5279 for class II iDSA [range: 989-11 114]. DSA
specificities and MFI for each patient are shown in
Table 2.

Post-transplant events and DSA evolution

The mean post-transplantation follow-up time for the
239 study patients was 6.8 + 2.2 years. During this
period, 23 patients died and 47 patients lost their graft.
The patient 5-year survival and graft survival rates
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Figure 1 Patients flowchart.

were 93% and 82%, respectively. Five-year death-cen-
sored graft survival was 89%. Among the 37 patients
with pre-existing DSA, we were able to follow DSA
MFI after transplantation in 34 patients (two died and
one returned to dialysis during the first year)
(Table 2). iDSA disappeared in 22 cases (66%) and
persisted in 12 cases (44%) during the 5 post-trans-
plant years. The characteristics of patients with pre-
formed DSA according to the evolution of DSA are
described in Table 3. The majority of DSA (84%) dis-
appeared during the first post-transplant year. ROC
curve analysis showed that a MFI cutoff of 3500 was a
good predictor of the post-transplant DSA evolution
(Fig. 2).

Univariate analysis identified the following variables
as significantly associated with DSA persistence (Fig. 3):
age <50 years (P = 0.009), a history of previous trans-
plantation (P = 0.039), the presence of class II DSA
(P =10.009), DO iDSA and sDSA MFI >3500 (P < 0.001),
and a number of DSA per patient >2 (P < 0.001). In
multivariate analysis, a number of DSA per patient >2
(hazard ratio [HR] =4.9, 95% confidence interval
[CI] = 1.23-19.59, P = 0.025) and DO iDSA
MFI > 3500 (HR =9.74, 95% CI = 1.50-63.13,
P =0.017) were independently associated with DSA
persistence (Table 4). Among patients without DSA on
the day of transplantation (n = 202), 32 (16%) devel-
oped de novo DSA in the 5 years post-transplant. In
addition, five patients with pre-existing DSA developed
de novo DSA. Six patients developed class I DSA, 25
developed class 1T DSA, and six developed both class I
and II DSA. De novo DSA appeared during the first
post-transplant year in 11 patients, the second year in
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Table 1. Characteristics of the entire study cohort (n = 239) and comparison of patients with preformed DSA (n = 37)

and patients without preformed DSA (n = 202). n

(%) or mean (£SD).

Patients with Patients without

Entire cohort preformed preformed
(n =239) DSA (n = 37) DSA (n = 202) P

Male sex 149 (62. 3%) 22 (59.4%) 127 (62.8%) 0.69
Age at KT, years 8 (£ 13) 50 (& 9.6) 47 (£ 13.8) 0.18
SPK 6 (2.5%) 0 (0%) 6 (3%) 0.15
Preemptive KT 1(4.6%) 0 (0%) 1(5.4%) 0.05
Deceased donor 223 (93.3%) 37 (100%) 186 (92.1%) 0.02
Living donor 6 (6.7%) 0 (0%) 6 (7.9%)
Kidney disease

Diabetic 6 (10.9%) 1(2.7%) 5(12.4%) 0.19

Glomerular 7 (36.4%) 15 (40.5%) 2 (35.6%)

Vascular 1(8.8%) 12.7%) 0 (9.9%)

APKD 8 (15.9%) 7 (18.9%) 1(15.3%)

TICN 4 (14.2%) 6 (16.3%) 8 (13.9%)

Other 3(13.8%) 7 (18.9%) 6 (12.9%)
Pretransplant events

Blood transfusion 92 (38.5%) 23 (62.1%) 9 (34.1%) 0.004

Pregnancies 9 (65.5%) 3 (86.7%) 6 (61.3%) 0.04

Transplant 55 (23.0%) 4 (64.8%) 1(15.3%) <0.001

Graft removal 26 (47.3%) 11 (45.8%) 5 (48.4%) 0.85
HLA mismatch

Class 1 2.6 (£1.1) 2.5 (£1.1) 2.6 (£1.1) 0.62

Class 2 1.1 (£0.8) 1.1 (£0.7) 1.1 (£0.8) 0.74
CMV status

CMV D+/R+ 102 (42.7%) 19 (51.4%) 3 (41.1%) 0.18

CMV D—/R— 2 (17.6%) 4 (10.8%) 8 (18.8%)

CMV D—/R+ 0 (25.1%) 6 (16.2%) 4 (26.7%)

CMV D+/R— 5(14.6%) 8 (21.6%) 7 (13.4%)
EBV status

EBV D+/R+ 229 (95.8%) 36 (97.3%) 193 (95.5%) 0.51

EBV D—/R— 0 (0%) 0 (0%) 0 (0%)

EBV D—/R+ 6 (2.5%) 1(2.7%) 5 (2. 5%)

EBV D+/R— 4 (1. 7%) 0 (0%) 4 (2%)
Induction therapy

ATG 168 (70.3%) 34 (91.9%) 134 (66.3%) 0.001

Anti-RIL2 71 (29.7%) 3(8.1%) 68 (33.7%)
Maintenance therapy at discharge

Tacrolimus 87 (36.4%) 28 (75.7%) 59 (29.2%) <0.001

Cyclosporine 152 (63.6%) 9 (24.3%) 143 (70.8%)

Anti-HLA Ab detected by ELISA at DO 72 (30.1%) 26 (70.3%) 46 (22.8%) <0.001

KT, kidney transplantation; SPK, simultaneous kidney pancreas transplantation; APKD, autosomal dominant polycystic kidney

disease; TICN, tubulointerstitial chronic nephropathy.

six patients, the third year in 10 patients, the fourth
year in three patients, and the fifth year in seven
patients. The mean delay of de novo DSA occurrence
was 2.7 £ 1.5 years.

Clinical outcome according to DSA evolution

The 5-year patient survival rate was not different
between patients with and without DO DSA. The 5-year

Transplant International 2017; 30: 29-40
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death-censored graft survival rate was lower in patients
with preformed DSA compared with those without
DSA, albeit not significantly so (P = 0.13, Fig. 4a).
When we analyzed graft survival according to the evolu-
tion of preformed DSA after transplantation, the results
of univariate analysis indicated that the presence of pre-
formed DSA that subsequently persisted increased the
risk of graft loss by 6.5-fold (P < 0.001) and the risk of
death-censored graft loss by 5.7-fold (P < 0.001).
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Table 2. Characteristics of the patients with preformed DSA (immunizing events and DSA specificities) and evolution of
the DSA MFI at 5 years post-transplant.

Sex BT Preg KT ELISAI ELISAIl  HLAITMM  HLAIIMM  DSA specificity ~ MFlat DO MFI at last FU

DSA that disappeared (n = 22)

1 F 0 1 0 1 0 4 1 B8 1370 250
Al 900 0
2 M 0 1 1 0 3 1 A1 1260 0
3 F 1 1 0 0 0 3 2 DR51 1750 500
DR53 1110 150
4 M 1 1 1 1 2 1 B7 3330 400
B35 1420 20
5 M 1 0 0 0 3 1 B18 800 0
6 M 1 1 0 0 1 1 DQ6 1000 0
7 M 0 1 0 0 2 2 B51 620 160
8 M 0 0 0 1 0 0 C*02 900 0
9 F 1 1 0 1 1 3 1 C*01 2390 140
10 F 1 1 0 0 0 4 2 DR15 1140 0
11 M 0 1 1 1 0 0 C*16 1000 160
12 M 0 1 1 0 4 1 DQA1*05:05 5460 0
13 M 1 0 0 0 4 1 Al 800 0
14 F 1 1 1 1 0 1 2 Cc*07 4700 0
15 M 1 1 1 0 B 1 B62 1140 0
16 M 1 1 1 1 3 0 B62 1510 300
17 M 0 1 0 1 2 2 DQ7 1580 60
18 F 1 1 0 1 0 4 0 B62 3470 420
19 M 1 1 1 1 2 2 B51 730 0
20* F 1 1 0 0 0 3 2 B52 1000 0
21* M 1 0 0 0 3 2 C*17 1250 0
22* M 0 0 0 0 3 1 B44 1470 0
DSA that persisted (n = 12)
23 F 1 0 1 1 0 2 1 B52 3870 770
24 F 1 1 1 1 1 3 1 DP5 5650 490
A26 1240 1920
25 F 0 1 0 1 1 3 1 DQ8 5100 13 140
B7 1280 260
DQ4 1210 2480
DR4 5100 470
DR53 560 1410
26 M 0 1 1 1 2 0 C*03:03 1380 170
B18 710 700
B62 860 640
27 M 1 1 1 0 B 1 DQ5 11 410 8770
A*02*01 1430 1130
Cw7 8700 4260
28 M 1 1 1 1 1 0 A26 2210 660
29 F 1 1 1 1 1 1 0 C*02 16 530 990
A31 800 0
30 M 1 1 0 1 3 2 DR53 10 500 1250
31 M 1 1 0 0 2 2 DQ6 11110 660
DQ8 7690 810
32 F 0 0 1 1 1 4 1 DPB1*04:01 4780 690
B38 2510 1570
A26 2570 500
33* F 0 1 1 1 1 0 0 Cc*07 7520 7400
C*16 5710 1720
34* M 0 1 1 1 3 1 DRB1*14:54 6840 2380

BT, blood transfusions; preg, pregnancy; KT, previous kidney transplantation; MM, mismatch; MFI, mean fluorescence intensity;
FU, follow-up.

*In patients 20, 21, 22, 33, and 34, de novo DSA developed after transplantation.
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Multivariate analysis revealed that having an ECD
donor (HR = 1.86, 95% CI = 1.05-3.43, P = 0.048) and
the persistence of preformed DSA (HR = 5.71, 95%
CI = 3.27-9.97, P < 0.001) were independently associ-
ated with an increased risk of graft loss (Table 5).
During follow-up, 63 patients underwent an allograft
biopsy for clinical reasons. Among them, 32 recipients
developed isolated lesions of cellular rejection and 29
showed features of humoral rejection (18 with acute
and 11 with chronic lesions). In the latter group, 14
patients showed mixed rejection. The presence of previ-
ously undetected preformed DSA was associated with a

Table 3. Characteristics of patients with preformed DSA
that disappeared (n = 22) and preformed DSA that
persisted (n = 12). Data are given as n (%) or mean +
SD.

Preformed Preformed
DSA that DSA that
disappeared persisted
n=22 n=12
Male sex 15 (68.2%) 6 (50%)
Age at transplantation, 53+ 8 44 £+ 7
years
HLA mismatches
Class 1 26 +1.2 22 + 1.1
Class 2 1.2 £ 0.7 0.8 £ 0.7
Induction
ATG 20 (91%) 11 (92%)
Anti-IL2R 2 (9%) 1 (8%)
IS therapy
Tacrolimus 15 (68%) 10 (83%)
Cyclosporine 7 (32%) 2 (17%)
Pretransplant events
Blood transfusion 13 (59%) 7 (58%)
Pregnancies 7 (100%) 4 (67 %)
Transplantation 11 (50%) 11 (92%)
Graft removal 6 (27%) 4 (33%)
More than 1 11 (50%) 8 (67 %)
pretransplant
sensitizing event
DO anti-HLA Ab 13 (59%) 11 (92%)
detected by
ELISA (non-DSA)
DSA class
Class | 17 (77 %) 5 (42%)
Class Il 5 (23%) 3 (25%)
Class | and I 0 4 (33%)
iDSA MFI 1757 + 1317 7241 + 4407
sDSA MFI 1912 4+ 1442 10 605 + 6388
Nb of DSA specificities 1.1 +£0.3 214+ 1.2

iDSA, immunodominant DSA; sDSA, sum of MFI of all speci-
ficities of DSA; MFI, mean fluorescence intensity.

Transplant International 2017; 30: 29-40
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higher risk of antibody-mediated rejection (P < 0.001,
Fig. 4b). Moreover, antibody-mediated rejection (both
acute and chronic) occurred more frequently in patients
with long-lasting DSA (HR = 3.31; 95% CI = 0.88-12.5,
P =0.07).

There was no statistical difference between the groups
with respect to creatininemia and glomerular filtration
rate at 1 and 5 years post-transplantation; however,
patients with DO DSA tended to have lower GFR and
higher proteinuria at one and 5 years post-transplanta-
tion (Table 6).

Here, we have shown that certain DSA can be detected
a posteriori in the serum on the day of transplantation
using the Luminex assay in transplant patients with
negative B and T IgG and IgM CDCXM. Importantly,
our findings indicate that 66% of all preformed DSA
disappeared after transplantation without hampering
the graft. The better sensitivity and specificity of the
Luminex assay compared with ELISA or lymphocyto-
toxicity assay have been well-documented and correlate
with a better prediction of acute rejection and risk of
graft loss [8]. In our study, one-third of the patients
had a negative ELISA test for class I and II antibodies.
Lee and coworkers [10] performed a retrospective anal-
ysis of 48 samples and detected the presence of DSA in
eight patients by ELISA and 27 patients by the Luminex
assay. Nevertheless, the improved sensitivity of the
Luminex technique could lead to false-positive results
or the detection of DSA that are not deleterious for
graft survival, ultimately limiting the transplantation
access. Among the 239 patients included in our study,
37 (15.5%) had DSA in the serum on the day of trans-
plantation, but the clinicians were unaware of the infor-
mation. This prevalence was close to that described in
the Lefaucheur’s cohort in 2010 [6], in which 83 of 402
kidney recipients (20.6%) had preformed DSA detected
by the Luminex technique. This percentage was lower
than that in the Otten’s series, in which 35% of patients
had preformed DSA [11]. These higher rates could be
explained by the use of historical sera in the Lefau-
cheur’s and Otten’s series, whereas we only studied sera
on the day of transplantation. In our study, most of the
patients with preformed DSA were sensitized. Two
patients did not have any known sensitizing events. We
speculate that such patients were carrying natural anti-
bodies as previously described in nonalloimmunized
healthy males [12]. In our series, the majority of pre-
formed DSA were class I DSA; moreover, class I DSA
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Area under P Sensitivity Specificity | Specificity for | Specificity | Specificity for | Specificity
the curve for a MFl of | for a MFI of a MFI of for a MFI of a MFI of for a MFI of
1500 (%) 1500 (%) 3500 (%) 3500 (%) 5500 (%) 5500 (%)
iDSA 0.932 <0.001 92 60 83 91 58 100
sDSA 0.947 <0.001 100 68 83 86 75 100
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Figure 2 Receiver operating characteristic curves of the risk of persistence of the preformed DSA at 5 years according to the MFI of preformed
DSA (immunodominant DSA = iDSA MFI and sum of MFI of all DSA = sDSA). *Youden point.

had a lower MFI than class II DSA. The predominance
of preformed class I antibodies was previously described
by Ling, in which 251 patients of 1069 kidney transplant
patients had preformed DSA detected by Luminex, with
the majority of them being class I [13]. In the Lefau-
cheur’s cohort, 32% of the patients had class I pre-
formed DSA, 13% had class II preformed DSA, and
55% had class I and II preformed DSA [14]. In contrast
to our findings, the MFI of class I preformed DSA was
higher than the MFI of class II DSA in these two series,
whereas in the Crespo’s series, the maximum MFI was
higher for class II than for class I DSA [15].

In our study, we followed the evolution of preformed
DSA annually until a minimum of 5 years post-trans-
plantation. No patients received specific antibody reduc-
tion therapy at the time of transplantation, which
allowed us to describe the evolution of preformed DSA
under standard sequential quadruple immunosuppres-
sion. We showed that the majority of preformed DSA
disappeared, most of them during the first post-trans-
plant year (84%). In a recent study, Kimball et al. [16]
demonstrated that 65% of patients who were DSA and
FCXM positive on the day of transplantation had their
DSA cleared during the first post-transplant year. How-
ever, the monitoring of preformed DSA was stopped at
1 year, whereas in our present investigation, the sera
were analyzed for 5 years post-transplant. Moreover, the
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occurrence of de novo DSA was not taken into account
[16]. In our study, the variables associated with DSA
persistence were age <50 years, a history of previous
transplantation, and DSA characteristics (e.g., class II,
higher MFI, and DSA numbers). These findings indicate
that the robustness of sensitization is likely to influence
the persistence of preformed DSA. We were also able to
estimate a high predictive threshold for MFI persistence
of 3500. Specificity does not seem to have a major
impact on DSA evolution even though our sample size
is too small to draw firm conclusions. One hypothesis
that may explain the disappearance of DSA is a process
of accommodation, even though its mechanisms remain
unclear [17]. Thirty-seven patients (15%) developed de
novo DSA 5 years after transplantation in our cohort.
Based on the published literature, the rates of DSA
detection between 1- and 5-year post-transplant vary
from 5% to 35% (depending on the center and the
immunological risk) [18-25].

In this study, the presence of DSA on the day of
transplantation and their detection by the Luminex
assay was associated with an increased risk of graft loss
at 5 years only when they persisted after transplanta-
tion. Conversely, patients with pre-existing DSA that
disappeared after transplantation had nearly the same
prognosis as patients without DSA. This is in accor-
dance with the Kimball’s series [16]. Otten et al. [11]
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Figure 3 (a) Cause-specific cumulative incidence of DSA clearance according the history of previous transplantation. Group 1: patients without
previous transplantation (n = 12); group 2: patients with previous transplantation (n = 22); P = 0.039. (b) Cause-specific cumulative incidence
of DSA clearance according to the iDSA class. Group 1: patients with class | iDSA (n = 22); group 2: patients with class Il iDSA (n = 12);

P = 0.009. (c) Cause-specific cumulative incidence of DSA clearance according to the MFI of sDSA at DO. Group 1: patients with preformed
sDSA MFI < 3500 (n = 22); group 2: patients with preformed sDSA MFI > 3500 (n = 12); P < 0.001. (d) Cause-specific cumulative incidence of
DSA clearance according to the number of DSA per patient. Group 1: patients with one preformed DSA (n = 23); group 2: patients with more
than one preformed DSA (n = 11); P < 0.001.

Table 4. Multivariate analysis of variables associated with post-transplant DSA persistence.

P value HR 95% Cl
Female sex 0.911 0.945 0.347-2.5
Age at transplantation <50 years 0.645 1.286 0.44-3.75
Preformed iDSA MFI >3500 0.017 9.738 1.50-63.13
Preformed class Il iDSA 0.60 0.731 0.23-2.35
Presence of a pretransplant sensitizing event 0.919 1.074 0.27-4.23
Presence of more than one preformed DSA 0.025 4.90 1.23-19.6

HR, hazard ratio; 95% Cl, 95% confidence interval.

described a deleterious effect of preformed DSA only
when DSA were class I and II. Patients with class I DSA
showed a long-term graft survival comparable to that of
patients with non-DSA HLA antibodies. Lefaucheur
et al. [14] and Wu et al. [25] correlated the impact of
preformed DSA with MFI level before transplantation.
Lefaucheur reported that pre-existing DSA were associ-
ated with an increased risk of graft loss when MFI level
was higher than 3000 [14]. Nevertheless, the authors

Transplant International 2017; 30: 29-40
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did not analyze the evolution of the preformed DSA
after transplantation. In our cohort, patients with class I
DSA, one specificity, and a MFI < 3500 the day of
transplantation had a good prognosis, a result which
may be explained by the fact that DSA disappeared
rapidly after transplantation. In such a case, HLA-
incompatible kidneys could be accepted and the graft
could be performed without specific reduction in anti-
body therapy.
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Figure 4 (a) Death-censored graft survival according to the presence of preformed DSA at DO. Group 1: patients without DSA at the time of
transplantation (n = 202), group 2: patients with previously undetected preformed DSA (n = 37); P = 0.132. (b) Cumulative incidence of anti-
body-mediated rejection according to presence of previously undetected DSA at DO. Group 1: patients without previously undetected DSA

(n = 202); group 2: patients with previously undetected DSA (n = 37), P < 0.001.

P value HR 95% Cl Table 5. Multivariate analysis of
Female sex 0.88 0958 0.54-1 69 risk factors for graft loss according
Age at transplantation <50 years 0.98 0.99 0.57-1.75 to the evolution of DSA after
Eepldonor 0.048 1.86 1.05-3.43 transplantation and the transplant
Donor origin (living vs. deceased) 0.90 0.92 0.27-3.13  Characteristics.
History of a pretransplant sensitizing event 0.64 0.87 0.49-1.55
DSA persistence* <0.001 5.71 3.27-9.97

HR, adjusted hazard ratio; 95% Cl, 95% confidence interval; ECD, expanded criteria

donor; DSA, donor-specific antibody.
*As a time-dependent variable.

In our series, 29 patients who underwent biopsy
showed lesions suggestive of acute or chronic ABMR.
Huang and colleagues studied the impact of preformed
or de novo DSA on protocol biopsies at M3, M6, and
M12 [26]. In this series, 14% of 150 patients had pre-
formed DSA and 7.8% developed de novo DSA. The
incidence of biopsy-proven rejection was 34% at 1 year
in patients without DSA, 48% in those with preformed
DSA, and 70% in patients with de novo DSA [26]. In a
study by Loupy [8], protocol biopsies were performed
at M3 in 54 patients with preformed DSA. The pres-
ence of subclinical humoral lesions increased the risk of
chronic active humoral rejection and lower GFR at
1 year. Although we could have underestimated the fre-
quency of rejection due to the absence of protocol
biopsies, our long follow-up enabled the evaluation of
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the role of preformed DSA in the development of
chronic ABMR after the first post-transplant year.
Finally, no significant differences were found in graft
function at 1 and 5 years post-transplant between
patients with and without DSA. Nevertheless, we
identified a higher rate of proteinuria at 5 years in
patients with persistent DSA, indicating the existence
of glomerular lesions and suggesting less favorable
outcomes.

Some caveats of our study merit comment. First, it is
a retrospective and single-center study. We only ana-
lyzed sera on the day of transplantation and not histori-
cal sera. Although we used a low MFI cutoff to define
DSA positivity, this was in line with two published
studies [6,8] and gives us the opportunity to study the
impact of preformed DSA with low MFI. Moreover,
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Table 6. Creatininemia, GFR (iohexol clearance), 24-h proteinuria at 1 year and 5 years after transplantation in the four
groups (patients with functional graft were considered). Mean =+ SD.

Group 1 Group 2 Group 3 Group 4 Entire cohort

(n=170) (n=22) (n=12) (n=32) (n = 236) P
1-year creatininemia (umol/l), n = 233  142.2 + 69.4 153.8 +51.4 181.3 + 76.2 150 + 72.8 146.4 +£ 68.9 0.26
1-year GFR (ml/min) N = 204 56 + 18 50 + 17.5 45 + 19 56 + 21 55.3 + 182 0.15
1-year proteinuria (g/24 h), n = 220 043 +£0.77 070+094 092 +1.1 0312+034 047 +£0.77 0.06
5-year creatininemia (umol/l), n = 191 137.2 4+ 55.1 156 4+ 77 176 + 84 1494 £ 529 1425 + 588 0.17
5-year GFR (ml/min) N = 158 519+ 16.2 453 + 20 4254+ 208 51.4 + 22.1 50.8 + 17.6 0.36
5-year proteinuria (g/24 h), n = 173 0.49 + 0.8 0.82 + 1.1 1.32 +£ 0.9 0.51 4+ 0.51 0.56 + 0.85 0.06

Group 1 = nonsensitized patients plus patients with non-DSA antibodies (n = 170); Group 2 = patients with preformed DSA
that disappeared (n = 22); Group 3 = patients with preformed DSA that persisted (n = 12); Group 4 = patients with de novo

DSA only (n = 32).

there is no consensus on an ideal MFI threshold. In our
study, we pretreated sera with EDTA to avoid the pro-
zone effect; unfortunately, serial dilutions—that can sig-
nificantly improve accuracy of MFI titration [27]—were
not performed. Conversely, the use of serial dilutions
requires a greater number of Luminex tests and signifi-
cantly increases the analytical costs. Finally, kidney
biopsies were performed only when medically indicated;
therefore, we may have misdiagnosed subclinical kidney
rejections.

In conclusion, many preformed DSA detected only
by the Luminex assay in the serum on the day of trans-
plantation disappeared after kidney transplantation
without any antibody reduction therapy. Under these
circumstances, the prognosis of kidney recipients is
close to that of nonsensitized patients (at least in the
midterm).
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