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Personalizing immunosuppression is a major objective in transplantation. Transplant
recipients are heterogeneous regarding their immunological memory and primary
alloimmune susceptibility. This biomarker-guided trial investigated whether in low
immunological-risk kidney transplants without pretransplant DSA and donor-specific
T cells assessed by a standardized IFN-y ELISPOT, low immunosuppression (LI)
with tacrolimus monotherapy would be non-inferior regarding 6-month BPAR than
tacrolimus-based standard of care (SOC). Due to low recruitment rates, the trial was
terminated when 167 patients were enrolled. ELISPOT negatives (E-) were rand-
omized to LI (n = 48) or SOC (n = 53), E+ received the same SOC. Six- and 12-month
BPAR rates were higher among LI than SOC/E- (4/35 [13%)] vs. 1/43 [2%], p = .15 and
12/48 [25%] vs. 6/53 [11.3%], p = .073, respectively). E+ patients showed similarly high
BPAR rates than LI at 6 and 12 months (12/55 [22%] and 13/66 [20%], respectively).
These differences were stronger in per-protocol analyses. Post-hoc analysis revealed
that poor class-1l eplet matching, especially DQ, discriminated E- patients, notably
E-/LI, developing BPAR (4/28 [14%] low risk vs. 8/20 [40%)] high risk, p = .043). Eplet
mismatch also predicted anti-class-I (p = .05) and anti-DQ (p < .001) de novo DSA.
Adverse events were similar, but E-/LI developed fewer viral infections, particularly
polyoma-virus-associated nephropathy (p = .021). Preformed T cell alloreactivity and

HLA eplet mismatch assessment may refine current baseline immune-risk stratifica-

KEYWORDS

1 | INTRODUCTION

Kidney transplantation is the best treatment for end-stage kid-
ney failure as it improves both quality of life and survival, and it is
cost-effective.! However, despite optimal short-term outcomes,
long-term graft and patient survival remain almost unchanged and
unsatisfactory, 2 mainly due to chronic immune-mediated graft in-
jury in addition to the adverse effects related to chronic immuno-
suppressive therapy.g’4

Transplant recipients are not a homogeneous population both
in terms of immunological experience and susceptibility for de novo
alloimmune activation against mismatched donor human leukocyte
antigens (HLAs).” Hence, the implementation of novel immune tools
identifying the distinct anti-donor immune risk is warranted to en-
able safe individualized immunosuppressive strategies while avoid-
ing unnecessary toxic treatments.®”

Current immunological risk assessment prior to transplanta-
tion is exclusively based on the detection of preformed circulat-
ing donor-specific alloantibodies (DSA), assuming that humoral
allosensitization relates to the allospecific T cell memory immune
compartment. However, cellular alloreactivity may occur without
humoral activation® and plays a major role in initiating and medi-

ating allograft rejection.”' Among different attempts to monitor

tion and guide immunosuppression decision-making in kidney transplantation.

biomarker, clinical decision-making, clinical research/practice, clinical trial, immunobiology,
immunosuppression/immune modulation, immunosuppressive regimens - minimization/
withdrawal, kidney transplantation/nephrology, rejection: acute

alloreactive T cell memory ex vivo, measuring the frequencies of
circulating donor-specific IFN-y-secreting memory T cells using
Enzyme-linked ImmunoSpot (ELISPOT) assays has been shown to be

feasible!?13

and capable of assessing the risk of T cell-mediated re-
jection (TCMR) both in non-human primates'* and kidney transplant
patients.*>"” Overall, these studies have shown the potential to
specifically rule out the rejection risk among transplant candidates
without detectable anti-donor T cell alloimmune responses. The
data suggest that the IFN-y ELISPOT assay is a valuable tool that can
be used to guide decision-making regarding the rejection risk and
the type and burden of immunosuppressive therapy.'® To date, most
of the studies reported are retrospective and based on small, single-
center cohorts and no prospective, randomized trials with treatment
interventions guided by the ELISPOT assay have been conducted.
Therefore, most biomarkers have no direct impact on guidance of
immunosuppression.

Within the European FP7 BIO-DrIM (BIOmarker-Driven personal-
ized IMmmunosuppression) consortium, the CELLIMIN trial (Prospective
donor-specific Cellular alloresponse assessment for Immunosuppression
Minimization in de novo renal transplantation) was designed to eval-
uate the usefulness of assessing pretransplant donor-reactive T cell
memory, using an IFN-y ELISPOT assay with a validated standardized
operational procedure in each center, to identify kidney transplant
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candidates that could safely benefit of receiving lower immunosup-
pressive burden with tacrolimus (TAC) monotherapy soon after trans-
plantation. The feasibility of implementing a new immune assay in
clinical transplantation, and a non-inferior hypothesis regarding the
incidence of biopsy-proven acute rejection (BPAR) as compared to
recipients with the same immune-risk profile receiving current stan-
dard of care (SOC) therapy based on TAC, mycophenolate mofetil and
prednisone, was tested. The main hypothesis of the trial was that by
excluding preformed anti-donor immune memory, both cellular and
humoral, TAC monotherapy would be effective enough to abrogate
primary anti-donor immune activation while reducing drug-related
toxicity within the first year after transplantation.

2 | METHODS

2.1 | Study design

The CELLIMIN trial was a prospective, multi-center, biomarker-
driven, randomized trial performed within the European BIO-DRIM
research consortium, sponsored by the European Union Seventh
Framework Program (FP7-HEALTH-2012-INNOVATION-1, grant
agreement n° 305147). Eight kidney transplant centers across
Europe participated in the trial, Bellvitge University Hospital
Charité

University Medical Centers (Amsterdam, the Netherlands),

(Barcelona, Spain), (Berlin, Germany), Amsterdam
Universitatsklinikum Hamburg-Eppendorf (Hamburg, Germany),
Institute for Clinical and Experimental Medicine (Prague, Czech
Republic), Centre Hospitalier Universitaire Nantes (Nantes,
France), University Hospital Regensburg (Regensburg, Germany),
and University Hospital Marqués de Valdecilla (Santander, Spain).
Each center participated under the approval of the Europe-wide
voluntary harmonization process (VHP). An external Data Safety
Monitoring Board (DSMB) was responsible for periodic safety
review and guided by predetermined protocol-defined stopping
criteria.

The study protocol is available online at https://clinicaltrials.gov/

ct2/show/NCT02540395.

2.2 | Participants
Low immunological risk subjects were eligible to participate
if >18 years of age and receiving a primary single kidney trans-
plant (inclusion and exclusion criteria are described in Data S1).
Enrolment was targeted to 673 patients, with 302 E- transplant
patients randomized to low or SOC immunosuppression. However,
due to slow patient enrolment, the trial was terminated when 167
were recruited. In all, 101 patients were randomized and followed
for 12 months.

All subjects freely gave written informed consent prior to partic-
ipation, including informed consent for the screening procedures to
establish subject eligibility.

AJT-L2

2.3 | Procedures

2.3.1 | Study treatments
Transplant patients were first allocated into two groups according to
their pretransplant donor-specific IFN-y ELISPOT result (flow chart
of the study in Figure 1).

Group |. ELISPOT negative (E-) candidates were randomized to

receive:

e Standard of care immunosuppression (SOC): Based on current
standard of care therapy consisting in TAC to achieve a 4-8 ng/
ml plasma trough levels, mycophenolate mofetil (MMF) initially
1gr bid and subsequently adjusted according to the subjects
tolerance, and 500 mg methylprednisolone perioperatively to
continue with oral prednisone (20 mg/day the first 2 weeks and
tapered not less than 5 mg/day at 4 weeks posttransplant).

e Low immunosuppression (LI): Based on TAC monotherapy to
achieve TAC 8-10 ng/ml plasma trough levels during the first
4 weeks and 6-8 ng/ml thereafter, MMF (1 g bid) during the first
week posttransplant and stopped thereafter, and 500 mg meth-
ylprednisolone perioperatively to continue with oral prednisone
20 mg/day the first 2 weeks and tapered to 5 mg/day from month
1 to month 2 when finally discontinued.

Group Il. ELISPOT positive (E+) transplant candidates received
the same current standard of care immunosuppressive regimen than
group E-/SOC.

All patients received two doses of basiliximab (20 mg) at days O
and 4 after transplantation.

Patients were followed up for a total of 12 months for secondary
outcome measures.

Types of BPAR rescue therapies were provided according to
the respective standard of care in each center: for TCMR: Banff
<lIA TCMR, 3 doses of 500 mg of 6-Methyl prednisolone; Banff
>|B TCMR, 3-5 doses of 1 mg/kg Thymoglobulin. For ABMR: plas-
mapheresis/immunoadsorption with IVIG or Rituximab. MMF and
prednisone were reintroduced in all patients developing rejection

under TAC monotherapy.

2.3.2 | Histology assessment

For cause biopsies were performed in case of either lack of graft func-
tion improvement or sudden graft dysfunction by means of serum
creatinine, estimated glomerular filtration rate (€GFR) or proteinu-
ria and rejection was defined as clinical BPAR. Surveillance biopsies
were planned at 3 and 12 months after transplantation and were de-
fined as graft biopsies performed in patients with serum creatinine
<300 pmol/L; proteinuria <1 g/24 h and stable renal function (vari-
ability of serum creatinine of <15% during 2 weeks before and after
biopsy) and rejection was defined as subclinical BPAR. All core biopsy
samples were analyzed by expert transplant pathologists from each
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FIGURE 1 Flow chart of the study

participating center and graded following the Banff 2017 classifica-
tion.'? In total, 113 (69%) patients underwent a surveillance biopsy at
3 and/or 12 months and 106 (63.5%) were evaluable for its diagnosis;
35 (66%), 38 (79%), and 33 (50%) in the E-/SOC, E-/LI, and E+ groups,
respectively.

2.3.3 | Laboratory studies

Donor-specific IFN-y Enzyme-Linked ImmunoSpot (ELISPOT) assays
Supplemental methods report recipient and donor peripheral blood
mononuclear cell and splenocytes standard operating procedures
(SOP) used as well as a detailed description of the donor-specific
IFN-y ELISPOT assays, which was extensively cross-validated be-
tween centers.!? A result of 225 IFN-y ELISpots/3x10° PBMC was
considered as a POSITIVE test, whereas <25 as NEGATIVE.

HLA typing and molecular mismatches

Donor and recipient HLA class-I (A, B, and C) and class-Il (DRB1,
DQB1, and DQAA1) high-resolution typing was performed with NGS
technology in 154/167 (92%) donor/recipient pairs on a MiSeq
platform (lllumina, San Diego, California). In the remaining pa-
tients, DNA-based low-resolution HLA typing was performed with
sequence-specific primers (SSP) and were extrapolated to high-
resolution using a previously validated computational method based
on haplotype frequency Tables.2%2! Donor/recipient HLA eplet mis-
matches (both non-verified and antibody-verified) were determined
by the last versions of the HLAMatchmaker software (HLA-ABC

Eplet Matching V3.1 and DRDQDP Eplet Matching Program V3.1).
Results were also compared with the previous HLA-Matchmaker
software version (HLA-ABC Eplet Matching Version 2 and DRDQDP
Eplet Matching Program V2.2).22

Anti-HLA antibody determination

A Single-Antigen Class-1 and Class-1l flow beads-assay kit was used
(Lifecodes, Immucor, Stanford, CA) to monitor serum anti-HLA anti-
bodies at baseline and at 12 months after transplantation. All beads
showing a normalized mean fluorescence intensity (MFI) >500 were
considered positive if (MFI/MFI lowest bead)>5.

2.4 | Outcomes
The primary study endpoint was to demonstrate in a per-
protocol analysis, non-inferiority rates of BPAR, excluding
borderline lesions, in for cause biopsies at 6 months after trans-
plantation, allowing a non-inferiority margin of 10% (full de-
scription in Data S1).

Secondary outcomes analyzed as a post-hoc analysis were as
follows: incidence of clinical and subclinical BPAR both per proto-
col and intention-to-treat, also taking into account the E+ group
of patients, differences in eGFR, dnDSA, graft and patient sur-
vival and impact of donor/recipient HLA molecular mismatches
on BPAR and dnDSA between groups at 12 months of follow-up.

Incidence of adverse events, serious adverse events, infections,

and malignancies was recorded in each center.
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Z:r:ol-glr-:a plhiclvclill: r::::;?slt?cnsdof the SEll = E+
patients of the study (00 (0oek) (00 pvalue
Recipient age (years) 53.51+12.81 54.68 + 14.11 53.88 +13.97 .907
Recipient sex
Female 12 (22.6) 16 (33.3) 19 (29.2) 481
Male 41(77.4) 32(66.7) 46 (70.8)
Recipient ethnicity
Caucasian 50 (94.3) 45 (93.75) 46(97.9) 574
No Caucasian 3(5.7) 3(6.25) 1(2.1)
Cause of end-stage renal
disease
Glomerulonephritis 10 (18.9) 15(31.9) 17 (26.2) .514
Vascular 3(5.7) 3(6.4) 8(12.3)
Diabetes Mellitus 12 (22.6) 4 (8.5) 7 (10.8)
Polycystic kidney disease 12 (22.6) 10(21.3) 13 (20)
Unknown 9(17) 10(21.3) 15(23.1)
Others 7(13.2) 5(10.4) 5(7.5)
Type of donor
Living 28(52.8) 26 (54.2) 35(53) .990
Living-related, yes 11 (20.8) 11 (22.9) 25(37.9) 384
Preemptive transplantation 13 (24.5) 36 (75) 40 (60.6) 133
Time on dialysis (months) 41.20+5044 3450+51.06 23.06+28.30 .088
CMV prophylaxis, yes 15 (28.8) 14 (31.1) 23(39) 492
Baseline Panel Reactive 0.45+2.43 0.0+0 0.23+1.14 469
Antibodies
Preformed DSA 0(0) 0(0) 0(0) 1.000
HLA allelic MM 5.58 +2.59 677 +1.77 724 +2.3 .001*
Class | 3.57 £ 1.69 4.33+1.19 4.24 +1.59 .03
Class Il 2.02+1.29 244 +1.09 3.00+1.07 <.001
Pretransplant donor-specific 7.75 + 6.82 7.67 +7.03 80.02 +84.13 <.001**
IFN-y ELISpots (per 3 x 10°
PBMC)
Delayed graft function 14 (26) 7 (15) 7 (11) 137
Kidney graft loss 3(5.8) 0(0) 1(1.6) 155
Patient death 2(3.8) 1(2.1) 1(1.5) .704

2.5

The study design and sample size calculation are depicted in de-
tail in Data S1. Since the primary study endpoint could not be
achieved, a number of clinically relevant outcomes were analyzed

Statistical analysis

Abbreviations: CMV, cytomegalovirus; E-/LI, donor-specific ELISPOT negative/
low immunosuppression; E-/SOC, donor-specific ELISPOT negative/standard of care
immunosuppression; E+, donor-specific ELISPOT positive; HLA, human leukocyte antigen;

MM, mismatches.
Data are mean £ SD or n (%).

*Total HLA allelic MM: E-/SOC vs. E-/LI p = .036; E-/SOC vs. E+ p = .001; E-/Ll vs. E+ p = .55.
Class | HLA allelic MM: E-/SOC vs. E-/LI p = .043; E-/SOC vs. E+ p = .058; E-/LI vs. E+ p = .95.
Class Il HLA allelic MM: E-/SOC vs. E-/LI p = .19; E-/SOC vs. E+ p < .001; E-/LI vs. E+ p =.038. ;
**Pretransplant donor-specific IFN-y ELISpots: E-/SOC vs. E-/LI p = 1.000; E-/SOC vs. E+ p < .001;

E-/Llvs. E+ p <.001.

as a post-hoc analysis. Comparisons of the primary and secondary

outcomes across ELISPOT subgroups were done using a chi-square

test for qualitative data and T-test or Wilcoxon signed-ranked test
for the comparison of continuous secondary outcomes. The time-
dependent association of the variables assessed with BPAR was
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studied using Kaplan-Meier plots and log-rank test. Receiver oper-
ating characteristic (ROC) curve analysis was used to evaluate most
sensitive and specific donor/recipient HLA molecular mismatch
cutoffs predicting BPAR. The statistical significance level was de-
fined as two-tailed p < .05. Statistical analyses were performed with
IBM SPSS Statistics, version 26 and GraphPad Prism version 6.0
(GraphPad Software).

3 | RESULTS

3.1 | Patients of the study and main clinical
outcomes

As described in Figure 1, a total of 186 patients were screened and
167 enrolled between December 8, 2015 and October 23, 2018; 66
(39%) were Elispot positive (E+), whereas 101 (60%) E- and were
subsequently randomized to receive either lower immunosuppres-
sion (LI) with TAC monotherapy (n = 48, 47.5%) or current SOC
(n = 53, 52.5%). Despite the high recruitment priority established
in each center, the stringent low immunological risk inclusion crite-
ria led to insufficient recruitment rates. Thus, in agreement with the
DSMB, the trial was terminated.

Main baseline clinical characteristics were not different between
groups (Table 1), but E+ showed higher HLA allelic mismatches and,
as per study design, higher donor-reactive IFN-y ELISpots. There
were four (2.3%) graft losses, three within the E-/SOC group (two
because of obstructive nephropathy and one for polyoma-virus-
associated nephropathy), and one in the E+ because of chronic
antibody-mediated rejection (cCABMR), and there were four (2.3%)
deaths (two E-/SOC patients because of a bacterial sepsis and lung
cancer, one in the E-/LI group due to multiple myeloma and one in
the E+ group because of sudden cardiac arrest). At 6 months, 133
(80%) patients remained on protocol and 131 (78%) at 12 months; 41
(77%) in the E-/SOC, 35 (73%) E-/LI, and 55 (87%) E+. Main causes
of dropout are described in Table S1.

As per study protocol, plasma TAC trough levels were signifi-
cantly higher among E-/LI than E-/SOC and E+ patients until month
2, whereas at 3, 6, and 12 months, all groups showed similar expo-
sure (Table S2).

3.1.1 | Incidence of BPAR in the trial

At 6 months, 21 (12.5%) patients developed clinical BPAR, 28 (17%)
when including Banff borderline lesions. At 12 months, three addi-
tional clinical BPAR occurred (Banff=IA); thus, a total of 31 (18.5%)
patients developed BPAR during the 12-month follow-up (Table S3).
While all BPAR within the E- groups were TCMR, there were six
ABMR among E+ patients. Of the total BPAR, six occurred in pa-
tients not on protocol (three E-/LI arm [1 BL and 2 BanffzlA] and
three among E-/SOC group, all BanffzIA). In total, 106 patients
underwent a 3/12 months protocol biopsy with evaluable material.

In all, 17 (16%) patients developed BanffzlA subclinical BPAR (sc-
BPAR) and 10 (9.4%) showed BL changes (Table S4). 6/17 (35.3%) pa-
tients with sc-BPAR and two out of 10 (20%) showing sc-BL changes
had previously developed clinical BPAR. TAC trough levels and intra-
patient variability (IPV) prior to clinical or subclinical BPAR was not
associated with higher rejection rates, both globally and within each
study group.

3.1.2 | Primary study endpoint

The analysis of the primary study endpoint evaluating the inci-
dence of BPAR at 6 months between E-/SOC and E-/LI groups,
excluding BL lesions, showed no statistically significant differences
between groups (1/43 [2%)] vs. 4/35 [13%], p = .16, respectively)
(Table 2). Six-month cumulative incidences of BPAR were not dif-
ferent between the two E- groups both in PP and ITT analyses
(Figure 2A-B).

3.2 | Post-hoc analysis of main clinical outcomes
between all study groups
3.2.1 | Incidence of clinical and subclinical BPAR
When E+ patients were also analyzed, at 6 months, E+ showed sig-
nificantly higher BPAR (both with and without BL lesions) than E-/
SOC patients (Table 2). Similarly, at 12 months, BPAR rates were sig-
nificantly higher within E+ and E-/LI patients as compared to E-/
SOC, especially in patients remaining on protocol. 12-month cumu-
lative BPAR between the three groups showed the same differences
both when assessed PP or ITT (Figure 2C-D).

Likewise clinical BPAR, both E+ and E-/LI groups developed sig-
nificantly higher incidence of sc-BPAR than E-/SOC (Table 2).

3.2.2 | Twelve-month de novo DSA (dnDSA)

At 12 months, 149 (89%) patients were tested for anti-HLA an-
tibodies; 47 (88%) among E-/SOC, 43 (89%) within E-/LI and
59(89%) among E+ patients (Table S4). In all, 17 dnDSA were de-
tected among 11 (7.4%) patients, 6 class | (3 anti-A and 3 anti-B),
and 11 class I (7 anti-DQ and 4 anti-DR). As shown in Table 2, while
no differences were observed regarding total dnDSA between the
three groups, E+ patients displayed higher class-l1l dnDSA than the
other groups.

3.2.3 | Kidney graft function progression

After month 2, E-/LI patients displayed lower eGFR than E-/SOC
and E+ recipients until month 12 after transplantation (Figure 3), al-
though these differences were not significant when only patients
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TABLE 2 Main study outcomes
between the different study groups SR Et vs. E+ vs.
E-/SOC  E-/LI E+ E-/SOC E-/LI E-/SOC
6-mo PP (n = 133) n=43 n=35 n=55 p values
BPAR 1(2) 4(13) 12(22)  .158° 0.394  0.006
(excluding BL)?
BPAR 3(7) 8(23) 12 (22) .056 0.908 0.051
12-mo PP (n = 131) n=41 n=35 n=55
BPAR 3(7) 9 (26) 13 (24) .055 0.823 0.051
BPARITT (n = 167) n=53 n=48 n=66 p values
6-mo BPAR 5(9.5) 11(23) 12 (18) .064 0.534 0.175
12-mo BPAR 6(11.3) 12 (25) 13(20) .073 0.499 0.213
Sc-BPAR 1(2.9) 10 (26.3) 6(18.2) .005 0.413 0.038
Sc-BL 4(11.4) 4(10.5) 2(6.1) .902 0.500 0.435
De novo DSA n=47 n=43 n=59 p values
Total dnDSA 1(2) 3(7) 7 (12) .345 0.513 0.074
Class-1 dnDSA 1(2) 3(7) 2(3.4) .345 0.648 1.000
Class-1l dnDSA 0 1(2) 7 (12) 478 0.134 0.017

Abbreviations: BL, Banff borderline lesions; BPAR, biopsy-proven acute rejection; dnDSA, de novo
donor-specific antibodies; E-/LI, donor-specific ELISPOT negative/low immunosuppression; E-/
SOC, donor-specific ELISPOT negative/standard of care immunosuppression; E+, donor-specific
ELISPOT positive; ITT, intention-to-treat; mo, months; PP, per protocol; Sc-BPAR, subclinical
biopsy-proven acute rejection.

All BPAR analyses include Banff borderline (BL) lesions but the primary study endpoint.
Data are mean £ SD or n (%).

@Patients having received rescue therapy due to borderline BPAR prior to 6 months (n = 4, in the
E-/Ll and n = 2 in the E-/SOC) were excluded of this per protocol analysis.

b Statistical comparison of the primary endpoint of the CELLIMIN trial.

on protocol were analyzed. 12-month eGFR was lower among E-/
LI patients developing BPAR as compared to those that did not.
These differences were not observed in the other two groups.
Subclinical BPAR did not impact on 12-month eGFR in any study
group (Figure S1).

3.3 | HLA eplet mismatching and de novo
alloimmune activation

We next assessed the impact of donor/recipient HLAMatchmaker
eplet mismatches on main immune-mediated events between
the distinct study groups. Similar to HLA allele mismatches,
E- patients showed lower eplet mismatches as compared to E+
(Table S5).

3.3.1 | HLA eplet mismatching and
incidence of BPAR

Mean class-1l eplet mismatches (MM) (DRB1+DQ), and particularly
at DQ locus, were significantly higher in patients developing BPAR
than in those that did not (Figure 4

). However, these differences were only observed among the two
E- study groups. A threshold of DQ (A1/B1) eplet mismatches 210

defined high eplet risk for BPAR with the highest accuracy within all E-
patients (AUC=0.733;95% Cl10.612-0.853) (Figure S2). Asillustratedin
Figure 5A, high-risk DQ eplet mismatching was associated with higher
BPAR rates only among E- patients, and particularly among E-/LI (6/28
[21%)] in E+, 1/28 [4%] in E-/SOC and 4/28 [13%] in E-/LI, p = .137 in
low-risk eplet patients, whereas 7/38 [18%] in E+, 5/25 [20%)] in E-/
SOC and 8/20 [40%] in E-/LI, p = .16 within the high-risk eplet group).
When we analyzed the association between eplet MM risk score and
global BPAR rates (clinical and/or subclinical), similarly higher rates of
BPAR and/or sc-BPAR were observed among E- patients, especially
within E-/LI patients, with high-risk eplet score (p = .07) (Figure 5b).

DQ eplet MM risk score at the single donor molecule identified
three risk groups (low risk: 0 DQ MM, intermediate: 1-5; high: 26 DQ
MM), although with lower predictive accuracy (AUC = 0.684; 95% ClI
0.59-0.78, p < .001). High-risk patients did also display significantly
higher BPAR rates than low and intermediate-risk groups within E-/
SOC and E-/LI patients (1/25 [4%] vs. 5/28 [18%], p = .19 in E-/SOC
and 1/14 [7%] vs. 11/34 [32%], p = .06 in E-/LI) but not in E+ (4/21
[19%] vs. 9/45 [20%], p = 1].

3.3.2 | HLA eplet mismatching and de novo DSA

Patients with anti-class-l1 and anti-DQ dnDSA displayed signifi-
cantly higher class | and DQB1 single molecule eplet mismatches
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FIGURE 2 BPAR rates between the study groups in all patients and in patients on protocol at 6 and 12 months. (A) Six-month Kaplan-
Meier BPAR-free (excluding BL lesions) survival curves in patients on protocol (primary endpoint) (n = 72) in the two E- groups (log

rank = 0.089). (B) Six-month Kaplan-Meier BPAR-free (excluding BL lesions) survival curves in all patients (intention to treat) (n = 101)

in the two E- groups (log rank = 0.213). (C) Twelve-month Kaplan-Meier BPAR-free (including BL lesions) survival curves in patients on
protocol (n = 131) according to the three different study groups (log rank = 0.058). Log rank (E-/SOC vs. E-/LI) =0.028; log rank (E-/SOC vs.
E+) =0.035; log rank (E-/LI vs. E+) =0.818. (D) Twelve-month Kaplan-Meier BPAR-free (including BL lesions) survival curves in all patients
(intention-to-treat) (n = 167) according to the three different study groups (log rank = 0.275). log rank (E-/SOC vs. E-/LI) =0.063; log rank

(E-/SOC vs. E+) =0.211; log rank (E-/LI vs. E+) =0.482

than patients that did not, respectively (14.74 + 7.04 vs.
19.00 £ 2.89, p = .050 for class | and 5.19 £ 5.16 vs. 13.33 £ 5.09,
p < .001for DQ) (Figure S3). Eplet mismatches at the DR locus
were not assessed because only four patients developed anti-DR
dnDSA.

A high correlation between the number of eplet MM detected
with the two most recent HLAMatchmaker algorithms versions
(V2 and V3.1) was observed (Spearman Rho >0.9 and p < .001 at
all loci). The same impact on main clinical outcomes both BPAR

and dnDSA was similarly observed with the two algorithms (data

not shown).

3.4 | Safety

The number of adverse and serious adverse events did not differ
between the three study groups (Table 3). While the incidence of
any kind of infection equally occurred across the three groups, a
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FIGURE 4 Mean donor/recipient HLA class Il and DQ eplet MM between patients with or without BPAR. (A) Mean donor/recipient
HLA class-1l eplet MM and BPAR in all patients: 21.61 + 10.88 in BPAR patients vs. 17.12 + 11.16 in patients not experiencing BPAR, p = .05.
(B) Mean donor/recipient HLA class-1l eplet MM and BPAR in E+ patients: 19.08 + 10.53 in BPAR patients vs. 20.91 + 11.10 in patients not
experiencing BPAR, p =.529. (C) Mean donor/recipient HLA class-1l eplet MM and BPAR in E-/SOC patients: 23.50 + 11.32 in BPAR patients vs.
14.25 + 11.57 in patients not experiencing BPAR, p = .089. (D) Mean donor/recipient HLA class-Il eplet MM and BPAR in E-/LI patients: 23 + 42
in BPAR patients vs. 15.31 + 9.22 in patients not experiencing BPAR, p = .026. (E) Mean donor/recipient HLA DQ eplet MM and BPAR in all
patients: 11.71 £ 6.66 in BPAR patients vs. 8.54 + 6.63 in patients not experiencing BPAR, p = .015. (F) Mean donor/recipient HLA DQ eplet
MM and BPAR in E+ patients: 10.53 + 6.38 in BPAR patients vs. 10.69 + 6.87 in patients not experiencing BPAR, p = .987. (G) Mean donor/
recipient HLADQ MM and BPAR in E-/SOC patients: 11.50 + 5.82 in BPAR patients vs. 6.96 + 6.72 in patients not experiencing BPAR, p = .07.
(H) Mean donor/recipient HLA DQ MM and BPAR in E-/LI patients: 13.08 + 7.59 in BPAR patients vs. 7.42 + 5.31in patients not experiencing
BPAR, p =.015

p = .02 for PVAN, in E-/SOC, E-/LI, and E+ patients, respectively).
No other differences were observed regarding main hematological,

significantly lower incidence of viral infections, particularly BK
viremia and polyoma-virus-associated nephropathy (PVAN) was
observed among E-/LI patients (16 [30.2%], 6 [12.5%], and 11
[16.9%], p = .06 for BK viremia and 5 [9.4%], 0 (0%), and 1 [1.5%],

cardiovascular or metabolic disorders, or in the incidence of malig-
nancies between study groups.
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FIGURE 5 Donor/recipient HLA DQ eplet MM risk score for clinical and subclinical BPAR between study groups. (A) Donor/recipient
HLA DQ eplet MM risk score for clinical BPAR between study groups. E+ patients: 6/28 (21%) low eplet risk vs. 7/38 (18%) high eplet
risk, p =.76. E-/SOC patients: 1/28 (4%) low eplet risk vs. 5/25 (20%)high eplet risk, p = .09. E-/LI patients: 4/28 (14%) low eplet risk vs.
8/20 (40%) high eplet risk, p = .043. (B) Donor/recipient HLA DQ eplet MM risk score for clinical+subclinical BPAR between study groups.
E+ patients: 6/28 (21%) low eplet risk vs. 12/38 (31%) high eplet risk, p = .36. E-/SOC patients: 1/28 (4%) low eplet risk vs. 5/25 (20%)
high eplet risk, p =.09. E-/LI patients: 7/28 (25%) low eplet risk vs. 10/20 (50%) high eplet risk, p = .07

4 | DISCUSSION

The CELLIMIN trial was designed to evaluate the hypothesis of
whether immune-monitoring preformed anti-donor T cell immune
memory, posttransplant immunosuppression minimization with
TAC monotherapy would be effective enough while reducing drug-
related toxicities. Although we were unable to reach the statistical
power required to evaluate our primary hypothesis, our findings re-
veal interesting novel information. First, we show that implement-
ing a novel cellular-based immune assay measuring donor-reactive
memory/effector IFN-y-producing T cells is safe and feasible in real
clinical practice. However, the higher BPAR rates observed among
the low immunologic risk group receiving TAC monotherapy (E-/LI)
as compared to low-risk patients receiving current standard of care
therapy (E-/SOC), especially when also taking into account Banff
BL lesions (25% vs. 11%), outweighs any potential benefit of main-
taining E- kidney transplant recipients on TAC monotherapy on the
solely basis of monitoring pretransplant anti-donor T cell memory
and serum DSA. Nonetheless, we found that among patients re-
ceiving the same SOC therapy, E- transplants outperformed sig-
nificantly the E+ group regarding BPAR rates, dnDSA formation and
eGFR, suggesting the value of the ELISPOT immune-risk stratifica-
tion. Moreover, and as hypothesized, patients on TAC monotherapy
did benefit of lower viral infection rates as compared to patients on
a triple drug-based regimen.

Since the exceeding BPAR rates among E-/LI patients as com-
pared to E-/SOC could not be explained by preformed anti-donor
T cell memory, we hypothesized whether they could rather be due
to poor donor/recipient HLA eplet matching in the context of low
immunosuppression. Unlike E+ transplants, E- patients with high-
risk DQ eplet mismatch score more frequently developed BPAR,
an effect that was even more evident within E- patients on TAC
monotherapy. Indeed, while only 4/28 (14%) and 7/28(25%) of E-/LI
patients with low-risk eplet score developed clinical and subclinical

BPAR, respectively, up to 8/20 (40%) and 10/20 (50%) of those
with a high-risk eplet score did. These findings are in agreement
with previous and recent studies showing the capacity of HLA mo-
lecular mismatching predicting primary alloimmune activation, and
especially in patients receiving low or insufficient immunosuppres-
sion.?%26 Moreover, and as previously reported,?”?® we found a
close association between a poor donor/recipient HLA eplet match-
ing at each respective locus and dnDSA formation. Altogether, these
data suggest that adding the analysis of HLA eplet mismatching
to preformed anti-donor T- and B-cell memory seems to have the
potential to identify a relevant proportion of transplant recipients
(25%) that could successfully receive lower immunosuppression with
TAC monotherapy until 1 year after transplantation.

The assessment of preformed anti-donor T cell memory dis-
criminated transplant patients receiving the same SOC immu-
nosuppression who were at higher risk of BPAR. These findings
corroborate previous retrospective studies*®?? and highlight the
importance of monitoring preformed T cell memory as these pa-
tients could not have been identified using current clinical and ep-
idemiologic factors indicative of low immunological risk, such as
first transplant recipients with low cPRA and no DSA.. Interestingly,
ABMR did only occur within E+ patients and relatively soon after
transplantation, a finding suggesting the concomitant presence of
anti-donor alloreactive memory B cells despite the absence of de-
tectable DSA in serum.3° Nevertheless, while the high BPAR rates
within E+ patients seem to be predominantly driven by preformed
anti-donor T cell memory, the poorer HLA matching of this group
of patients, raises concerns on whether these patients might also
be at high risk of subsequent primary alloimmune activation in
the long term. While we cannot exclude that higher donor/recip-
ient HLA mismatching among E+ patients may be coincidental,
our data also suggest that since the ELISPOT assay used in the
trial exclusively assessed donor-specific T cell responses, in the
presence of a higher HLA mismatch burden, there may be a higher
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TABLE 3 Adverse events (safety
population) between the three study
groups
Any AE

Any SAE
Infections
Any infection
Any viral infection
CMV infection
CMV disease
BKYV infection
PVAN

Other (EBV,
HSV, VZV)

Any bacterial
infection

Any fungal
infection

Hematological
disorders

Hemoglobin (g/dL)
Leukocytes (1/nL)

Thrombocytes
(1/nL)

Metabolic disorders
NODAT

Cholesterolemia
(mmol/L)

Triglyceridemia
(mmol/L)

Cardiovascular
disorders

Hypertension

Cardiovascular
events

Cancer of any grade
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E-/SOC E-/LI E+ p
(n=53) (n=48) (n = 66) value
53(100) 4(97.9) 59 (95.2) 242
14 (26.4) 7 (14.6) NA 143
33(62.3) 26 (54.2) 42 (67.7) .347
25 (47.2) 16 (33.3) 35 (56.5) 0542
12 (22.6) 12 (25) 25 (40.3) .079
4(7.5) 1(2.1) 4(6.7) 442
16 (30.2) 6(12.5) 11(16.9) .063°
5(9.4) 0(0) 1(1.5) .021°
5(9.4) 1(2.1) 6(11.8) 178
19 (35.8) 19 (39.6) 15 (29.4) .560
0(0) 1(2.1) 1(2) .580
12.40 + 4.04 11.50 + 4.30 13.55 + 1.86 196
7.62 £2.79 6.86 +2.09 7.28 +1.98 .355
229.02 + 57.78 214.31 + 59.47 204.11 + 41.60 236
8(15.1) 7 (14.6) 9 (17.6) 903
4.86+1.35 4.69 +0.98 4.45+1.02 450
1.86+1.78 1.69 +0.96 1.55 + 0.54 766
43 (84.3) 40(85.1) 39 (76.5) 463
3(5.7) 3(6.3) 5(13.5) .345
3(5.7) 4(8.5) 5(9.8) 726

Abbreviations: AE, adverse event; BKV, BK virus; CMV, cytomegalovirus; E-/LI, donor-specific
ELISPOT negative/low immunosuppression; E-/SOC, donor-specific ELISPOT negative/standard of
care immunosuppression; E+, donor-specific ELISPOT positive; EBV, Epstein-bar virus; HSV, Herpes
simplex virus; NODAT, New onset diabetes mellitus; PVAN, Polyomavirus virus nephropathy; SAE,
serious adverse event; VZV, varicella-zoster virus.

Data are mean £ SD or n (%).

@Any viral infection: E-/SOC vs. E-/LI p = .157; E-/SOC vs. E+ p = .321; E-/LI vs. E+ p = .016.
PBKYV infection: E-/SOC vs. E-/LI p = .031; E-/SOC vs. E+ p = .088; E-/Ll vs. E+ p = .516.
‘PVAN: E-/SOC vs. E-/LI p = .029; E-/SOC vs. E+ p = .052; E-/LI vs. E+ p = .388.

likelihood that patients with the same immunological alloreactive
background could display a positive test against a specific donor
than against others with better HLA matching.”%!

The CELLIMIN trial was safe, as patient and graft survival were
comparable across the three different groups. However, although
no differences were observed in patients remaining on protocol, E-/
LI displayed the lowest kidney graft function until month 12, which

could be influenced by the slightly higher TAC trough exposure and

higher BPAR rates. Remarkably, a significantly lower incidence of
viral infections, particularly BK viremia and PVAN, was detected
only among patients receiving TAC monotherapy. These data sug-
gest that early MMF and prednisone withdrawal leads to a lower
global immunosuppressive burden.

A main limitation of the CELLIMIN trial was its premature ter-
mination due to insufficient recruitment rates, which illustrates the
complexity of conducting large, prospective randomized trials using
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novel biomarkers. The stringent inclusion criteria used, reducing
the number of potential candidates with a more limited economical
support accounted for this main drawback. Nevertheless, we could
prospectively analyze an important number of patients allocated in
three study groups after the biomarker intervention, thus providing
unique biological and clinical information which will help designing
future clinical trials further expanding on this hypothesis. We did
not randomize E+ patients into LI or SOC therapy due to ethical con-
cerns, so while we cannot rule out the possibility that E+ with a low-
risk eplet mismatch score could safely receive TAC monotherapy, the
higher BPAR rates among E+ than E-/SOC patients, both receiving
the same immunosuppressive regimen, strongly discourages this op-
tion. Importantly, all ELISPOT assays were performed in each partic-
ipating center using the same validated SOP, thus demonstrating for
the first time the safety and feasibility of implementing this technol-
ogy in clinical practice. Last, typing DP and DRB3/4/5 HLA loci was
unfortunately not feasible, thus precluding the study of their impact
on clinical outcomes. However, the consistent differences observed
between groups using high-resolution HLA typing at all other class |
and Il locus counterbalance this constraint.

In conclusion, the results of the CELLIMIN trial strongly suggest
the value of refining current immune-risk stratification by monitor-
ing preformed T cell memory and primary alloimmune activation
using the IFN-y ELISPOT assay and HLA eplet mismatching. While
the benefits of de novo TAC monotherapy as compared to current
triple SOC therapy seem not to be supported even in low immu-
nological risk patients, the combined risk assessment of preformed
memory and de novo alloimmune activation seems to have the po-
tential to help decision-making regarding immunosuppression ther-
apy. Patients with low preformed donor-specific memory and low
HLA-eplet mismatch seem to benefit from immunosuppression min-
imization with TAC monotherapy, which is about a quarter of first
kidney transplant patients. This must be confirmed in prospective
multicenter trials. In addition, new immunosuppressive approaches
are warranted to increase the pool of low-risk patients, ultimately
allowing safe immunosuppression minimization.

ACKNOWLEDGMENTS

This work was funded by a European Union FP7 grant (FP7-
HEALTH-2012 INNOVATION-1, grant agreement n° 305147). OB
was also supported by an intensification grant from the Instituto
de Salud Carlos I (ISCIII) (ICI114/00242 and P116/01321) and the
SLT002/16/00183 grant, funded by the Department of Health of the
Generalitat de Catalunya by the call “Accié instrumental: Intensificacio
de professionals de la salut, modalitat de professionals sanitaris (in-
fermeria i fisioterapia).” We thank CERCA Programme/Generalitat de
Catalunya for institutional support. MM received a grant from the
European Society of Transplantation (ESOT). We thank all the patients
who participated in the study, without whom this work would not
have been possible. We thank all biobank units from each center for
sample processing. We would also like to thank Ms Rosemarie Preyer
from AID for their constant technical support in the ELISPOT assays.
Participating centers, investigators, and staff for the CELLIMIN trial:

Study coordinators: Hilke Schmidts, Carolina Polo, Eulalia Molina,
Dorien Standaar, Ester Remmerswaal, Grégoire Couvrat-Desvergnes,
and Khuzama El Nasser. Immunological ELISPOT assessment: Alba
Torija, Marta Jarque, Nelly van der Bom-Baylon, Simone Reichelt-
Wurm, Marcos Lopez-Hoyos, and David San Segundo. Patient care:
Anna Manonelles, Nuria Montero, Alexandre Fava, Joan Torras,
Josep M Cruzado, Montserrat Goma, Thomas Schachtner, Peter
Nickel, Astrid Wilke, Hanna Zobel, Silvia Fischer, Cordula Giesler,
Joris Roelofs, Emilio Rodrigo, Rosalia Valero, Julien Branchereau,
Diego Cantarovich, Anne Cesbron, Agnées Chapelet, Jacques Dantal,
Florent Delbos, Claire Garandeau, Maryvonne Hourmant, Régis Josien,
Georges Karam, Aurélie Meurette, Clément Deltombe, Lucile Figueres,
Caroline Gourraud-Vercel, Cécile Guillot-Gueguen, Christophe Masset,
Karine Renaudin, Simon Ville, Franz J Putz, Janka Slatinska, Mariana

Wohlfahrtova, Marie Kolarova, and Jana Maluskova.

DISCLOSURE
The authors of this manuscript have no conflicts of interest to dis-

close as described by the American Journal of Transplantation.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding authors upon reasonable request.

ORCID

Oriol Bestard "= https://orcid.org/0000-0001-9468-7920
Maria Meneghini "= https://orcid.org/0000-0001-7307-923X
Ondrej Viklicky = https://orcid.org/0000-0003-1049-2195
Magali Giral " https://orcid.org/0000-0001-7641-1592
Edoardo Melilli "= https://orcid.org/0000-0001-6965-3745
Sophie Brouard " https://orcid.org/0000-0002-6398-1315

Alberto Sanchez-Fueyo " https://orcid.org/0000-0002-8316-3504

REFERENCES

1. van de Luijtgaarden MWM, Noordzij M, Wanner C, et al. Renal re-
placement therapy in Europe-a summary of the 2009 ERA-EDTA
registry annual report. Clin Kidney J. 2012;5:109-119. https://doi.
org/10.1093/ndtplus/sfr182

2. Coemans M, Susal C, Dohler B, et al. Analyses of the short- and
long-term graft survival after kidney transplantation in Europe be-
tween 1986 and 2015. Kidney Int. 2018;94:964-973. https://doi.
org/10.1016/j.kint.2018.05.018

3. Kaplan B, Srinivas TR, Meier-Kriesche HU. Factors associated with
long-term renal allograft survival. Ther Drug Monit. 2002;24(1):36-
39. https://doi.org/10.1097/00007691-200202000-00007

4. Sellarés J, de Freitas DG, Mengel M, et al. Understanding the causes
of kidney transplant failure: the dominant role of antibody-mediated
rejection and nonadherence. Am J Transplant. 2012;12:388-399.
https://doi.org/10.1111/j.1600-6143.2011.03840.x

5. Copley HC, Elango M, Kosmoliaptsis V. Assessment of human
leukocyte antigen immunogenicity: current methods, challenges
and opportunities. Curr Opin Organ Transplant. 2018;23:477-485.
https://doi.org/10.1097/MOT.0000000000000544

6. Tambur AR, Campbell P, Chong AS, et al. Sensitization in transplan-
tation: assessment of risk (STAR) 2019 working group meeting re-
port [published online ahead of print, 2020 Apr 27]. Am J Transplant.
2020;20(10):2652-2668. https://doi.org/10.1111/ajt.15937


https://orcid.org/0000-0001-9468-7920
https://orcid.org/0000-0001-9468-7920
https://orcid.org/0000-0001-7307-923X
https://orcid.org/0000-0001-7307-923X
https://orcid.org/0000-0003-1049-2195
https://orcid.org/0000-0003-1049-2195
https://orcid.org/0000-0001-7641-1592
https://orcid.org/0000-0001-7641-1592
https://orcid.org/0000-0001-6965-3745
https://orcid.org/0000-0001-6965-3745
https://orcid.org/0000-0002-6398-1315
https://orcid.org/0000-0002-6398-1315
https://orcid.org/0000-0002-8316-3504
https://orcid.org/0000-0002-8316-3504
https://doi.org/10.1093/ndtplus/sfr182
https://doi.org/10.1093/ndtplus/sfr182
https://doi.org/10.1016/j.kint.2018.05.018
https://doi.org/10.1016/j.kint.2018.05.018
https://doi.org/10.1097/00007691-200202000-00007
https://doi.org/10.1111/j.1600-6143.2011.03840.x
https://doi.org/10.1097/MOT.0000000000000544
https://doi.org/10.1111/ajt.15937

BESTARD ET AL. AJT | 13
7. Naesens M, Anglicheau D. Precision transplant medicine: biomark- Americans. Tissue Antigens. 2003;62:296-307. https://doi.
ers to the rescue. J Am Soc Nephrol. 2018;29:24-34. https://doi. org/10.1034/j.1399-0039.2003.00103.x
org/10.1681/ASN.2017010004 22. Duquesnoy RJ. Clinical usefulness of HLAMatchmaker in HLA
8. Amir AL, D'Orsogna LJA, Roelen DL, et al. Allo-HLA reactivity of epitope matching for organ transplantation. Curr Opin Immunol.
virus-specific memory T cells is common. Blood. 2010;115:3146- 2008;20:594-601. https://doi.org/10.1016/j.c0i.2008.06.010
3157. https://doi.org/10.1182/blood-2009-07-234906 23. Wiebe C, Rush DN, Nevins TE, et al. Class Il eplet mismatch mod-
9. Heeger PS. T-cell allorecognition and transplant rejection: a sum- ulates tacrolimus trough levels required to prevent donor-specific
mary and update. Am J Transplant. 2003;3:525-533. https://doi. antibody development. J Am Soc Nephrol. 2017;28:3353-3362.
org/10.1034/j.1600-6143.2003.00123.x https://doi.org/10.1681/ASN.2017030287
10. Issa F, Schiopu A, Wood KJ. Role of T cells in graft rejection and 24. Hricik DE, Formica RN, Nickerson P, et al. Adverse outcomes of
transplantation tolerance. Expert Rev Clin Immunol. 2010;6(1):155- tacrolimus withdrawal in immune-quiescent kidney transplant
169. https://doi.org/10.1586/eci.09.64 recipients. J Am Soc Nephrol. 2015;26:3114-3122. https://doi.
11. Valujskikh A. Memory T cells in allograft rejection. Adv Exp Med Biol. org/10.1681/ASN.2014121234
2007;601:247-256. https://doi.org/10.1007/978-0-387-72005 25. Wiebe C, Rush DN, Gibson IW, et al. Evidence for the alloimmune
-0_26 basis and prognostic significance of BL T cell-mediated rejection.
12. Bestard O, Crespo E, Stein M, et al. Cross-validation of IFN-y Elispot Am J Transplant. 2020;20(9):2499-2508. https://doi.org/10.1111/
assay for measuring alloreactive memory/effector T cell responses ajt.15860
in renal transplant recipients. Am J Transplant. 2013;13:1880-1890. 26. Meneghini M, Crespo E, Niemann M, et al. Donor/recipient HLA
https://doi.org/10.1111/ajt.12285 molecular mismatch scores predict primary Humoral and Cellular
13. Ashoor |, Najafian N, Korin Y, et al. Standardization and cross valida- alloimmunity in Kidney transplantation. In press. Front Immunol.
tion of alloreactive IFNy ELISPOT assays within the clinical trials in 2021. https://doi.org/10.3389/fimmu.2020.623276
organ transplantation consortium. Am J Transplant. 2013;13:1871- 27. Wiebe C, Kosmoliaptsis V, Pochinco D, et al. A Comparison of HLA
1879. https://doi.org/10.1111/ajt. 12286 molecular mismatch methods to determine HLA immunogenicity.
14. Yamada Y, Boskovic S, Aoyama A, et al. Overcoming memory Transplantation. 2018;102:1338-1343. https://doi.org/10.1097/
T-cell responses for induction of delayed tolerance in nonhu- TP.0000000000002117
man primates. Am J Transplant. 2012;12:330-340. https://doi. 28. Wiebe C, Pochinco D, Blydt-Hansen TD, et al. Class Il HLA epi-
org/10.1111/j.1600-6143.2011.03795.x tope matching-A strategy to minimize de novo donor-specific
15. Heeger PS, Greenspan NS, Kuhlenschmidt S, et al. Pretransplant antibody development and improve outcomes. Am J Transplant.
frequency of donor-specific, IFN-gamma-producing lympho- 2013;13:3114-3122. https://doi.org/10.1111/ajt.12478
cytes is a manifestation of immunologic memory and correlates 29. Crespo E, Lucia M, Cruzado JM, et al. Pre-transplant donor-specific
with the risk of posttransplant rejection episodes. J Immunol. T-cell alloreactivity is strongly associated with early acute cellular
1999;163:2267-2275. rejection in kidney transplant recipients not receiving T-cell deplet-
16. Hricik DE, Augustine J, Nickerson P, et al. Interferon gamma ing induction therapy. PLoS One. 2015;10:e0117618. https://doi.
ELISPOT testing as a risk-stratifying biomarker for kidney trans- org/10.1371/journal.pone.0117618
plant injury: results from the CTOT-01 multicenter study. Am 30. Luacia M, Luque S, Crespo E, et al. Preformed circulating HLA-
J Transplant. 2015;15(12):3166-3173. https://doi.org/10.1111/ specific memory B cells predict high risk of humoral rejection in
ajt.13401 kidney transplantation. Kidney Int. 2015;88(4):874-887. https://doi.
17. Poggio ED, Clemente M, Hricik DE, Heeger PS. Panel of reactive T org/10.1038/ki.2015.205
cells as a measurement of primed cellular alloimmunity in kidney 31. Andree H, Nickel P, Nasiadko C, et al. Identification of dialy-
transplant candidates. J Am Soc Nephrol. 2006;17:564-572. https:// sis patients with panel-reactive memory T cells before kidney
doi.org/10.1681/ASN.2005030293 transplantation using an allogeneic cell bank. J Am Soc Nephrol.
18. Bestard O, Cruzado JM, Lucia M, et al. Prospective assessment of 2006;17:573-580. https://doi.org/10.1681/ASN.2005030299
antidonor cellular alloreactivity is a tool for guidance of immuno-
suppression in kidney transplantation. Kidney Int. 2013;84:1226-
1236. https://doi.org/10.1038/ki.2013.236 SUPPORTING INFORMATION
19. Haas M, Loupy A, Lefaucheur C, et al. The Banff 2017 Kidney Additional supporting information may be found online in the
Meeting Report: Revised diagnostic criteria for chronic active T . . .
. . i X L. Supporting Information section.
cell-mediated rejection, antibody-mediated rejection, and pros-
pects for integrative endpoints for next-generation clinical tri-
als. Am J Transplant. 2018;18:293-307. https://doi.org/10.1111/
ajt.14625 . . . o
20. Gragert L, Madbouly A, Freeman J, Maiers M. Six-locus high How to cite this article: Bestard O, Meneghini M, Crespo E,
resolution HLA haplotype frequencies derived from mixed- et al. Preformed T cell aIIoimmunity and HLA eplet mismatch
resolution DNA typing for the entire US donor registry. Hum to guide immunosuppression minimization with tacrolimus
Immunol. 2013;74:1313-1320. https://doi.org/10.1016/j. monotherapy in kidney transplantation: Results of the
humimm.2013.06.025 X .
21. Klitz W, Maiers M, Spellman S, et al. New HLA haplotype fre- CELLIMIN trial. Am J Transplant. 2021;00:1-13. https://doi.

quency reference standards: high-resolution and large sam-
ple typing of HLA DR-DQ haplotypes in a sample of European

org/10.1111/ajt.16563



https://doi.org/10.1681/ASN.2017010004
https://doi.org/10.1681/ASN.2017010004
https://doi.org/10.1182/blood-2009-07-234906
https://doi.org/10.1034/j.1600-6143.2003.00123.x
https://doi.org/10.1034/j.1600-6143.2003.00123.x
https://doi.org/10.1586/eci.09.64
https://doi.org/10.1007/978-0-387-72005-0_26
https://doi.org/10.1007/978-0-387-72005-0_26
https://doi.org/10.1111/ajt.12285
https://doi.org/10.1111/ajt.12286
https://doi.org/10.1111/j.1600-6143.2011.03795.x
https://doi.org/10.1111/j.1600-6143.2011.03795.x
https://doi.org/10.1111/ajt.13401
https://doi.org/10.1111/ajt.13401
https://doi.org/10.1681/ASN.2005030293
https://doi.org/10.1681/ASN.2005030293
https://doi.org/10.1038/ki.2013.236
https://doi.org/10.1111/ajt.14625
https://doi.org/10.1111/ajt.14625
https://doi.org/10.1016/j.humimm.2013.06.025
https://doi.org/10.1016/j.humimm.2013.06.025
https://doi.org/10.1034/j.1399-0039.2003.00103.x
https://doi.org/10.1034/j.1399-0039.2003.00103.x
https://doi.org/10.1016/j.coi.2008.06.010
https://doi.org/10.1681/ASN.2017030287
https://doi.org/10.1681/ASN.2014121234
https://doi.org/10.1681/ASN.2014121234
https://doi.org/10.1111/ajt.15860
https://doi.org/10.1111/ajt.15860
https://doi.org/10.3389/fimmu.2020.623276
https://doi.org/10.1097/TP.0000000000002117
https://doi.org/10.1097/TP.0000000000002117
https://doi.org/10.1111/ajt.12478
https://doi.org/10.1371/journal.pone.0117618
https://doi.org/10.1371/journal.pone.0117618
https://doi.org/10.1038/ki.2015.205
https://doi.org/10.1038/ki.2015.205
https://doi.org/10.1681/ASN.2005030299
https://doi.org/10.1111/ajt.16563
https://doi.org/10.1111/ajt.16563

