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The number of patients returning to dialysis after graft failure increases.
Surprisingly, little is known about the clinical and immunological out-
comes of this cohort. We retrospectively analyzed 254 patients after kidney
allograft loss between 1997 and 2017 and report clinical outcomes such as
mortality, relisting, retransplantations, transplant nephrectomies, and
immunization status. Of the 254 patients, 49% had died 5 years after graft
loss, while 27% were relisted, 14% were on dialysis and not relisted, and
only 11% were retransplanted 5 years after graft loss. In the complete
observational period, 111/254 (43.7%) patients were relisted. Of these,
72.1% of patients were under 55 years of age at time of graft loss and only
13.5% of patients were >65 years. Age at graft loss was associated with
relisting in a logistic regression analysis. In the complete observational per-
iod, 42 patients (16.5%) were retransplanted. Only 4 of those (9.5%) were
>65 years at time of graft loss. Nephrectomy had no impact on survival,
relisting, or development of dnDSA. Patients after allograft loss have a high
overall mortality. Immunization contributes to long waiting times. Only a
very limited number of patients are retransplanted especially when
>65 years at time of graft loss.

Transplant International 2021; 34: 732-742

Key words
dnDSA, graft loss, immunization, PIRCHE score, relisting

Received: 4 July 2020; Revision requested: 1 September 2020; Accepted: 26 January 2021;
Published online: 19 February 2021

associated with kidney transplantation [2], but more
detailed data about timing and circumstances of death

The number of patients who are relisted for kidney
transplantation because of graft loss increases [1]. It has
been shown that previous transplant failure increases
mortality among waitlisted patients after relisting. This
is most likely due to a collection of cumulative risks
such as cardiovascular risk and the risk for cancer

after graft loss and rate of retransplantation are scarce.
What exactly happens to patients after graft is largely
unknown even though it has been recognized as an
important late outcome parameter in kidney transplan-
tation [3,4]. Factors that contribute to relisting of a
patient are largely not described although found
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intuitive that physically fit patients are relisted and unfit
are not. Data on how nephrectomy impacts on retrans-
plantation and relisting are inconsistent ranging from
high numbers of nephrectomies in European cohorts
with over 60% [5] and lower numbers around 30% in
US cohorts [6]. The relation of transplant nephrectomy
and short-term development of dnDSA is also inconsis-
tent [7-9]. A longer waiting time before retransplanta-
tion is associated with worse outcomes such as early
acute rejection, severe vascular and humoral rejection,
all-cause mortality, and death with a functioning graft
independent of HLA mismatches [10]. In this context,
the precise impact of presence of de novo donor-speci-
fic antibodies (dnDSA) has not yet been investigated.
Kidney transplant candidates with prior graft loss are
known to be highly sensitized and have more anti-HLA
antibodies, irrespective if they underwent allograft
nephrectomy or only withdrawal of immunosuppression
[11,12]. As a consequence, the fear comes that dnDSA
lead to a higher number of unacceptable antigens,
which might as a consequence lead to a longer waiting
time [13]. But whether this causality between dnDSA
and waiting time also considering Eurotransplant
Acceptable Mismatch (AM) program in the case of
retransplantation is true is not clear. The timing of
occurrence of HLA immunization and the consequence
of dnDSA for a potential relisting are also largely
unknown.

Within the last years, more insights have been gained
on human HLA biology and so-called epitopes, which
are the antibody accessible binding sites of HLA alleles
have been described [14]. Epitope-matching algorithms
such as the PIRCHE (Predicted Indirectly ReCognizable
HLA Epitopes) score likely allow a better matching then
broad antigen HLA matching and thereby might
improve matching algorithms, which might lead to bet-
ter allograft outcomes [15]. In already performed trans-
plants, it might be able to predict the occurrence of
dnDSA better than it can be explained by a considera-
tion of HLA antigens alone.

The aim of this study was to analyze clinical out-
comes such as mortality, relisting, retransplantations,
transplant nephrectomies, and immunization status in a
large contemporary cohort with complete follow-up.

Study subjects

In this single-center study, all kidney graft failures of
adults between 1997 and 2017 were retrospectively
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analyzed. The end of observation was December 31,
2017. The date of graft loss was the date when renal
replacement therapy was started or the patient was
retransplanted. If not otherwise indicated, only the first
allograft loss within the observation period was evalu-
ated. Patients with primary nonfunction were included
in all analysis. None of the included patients received a
combined transplantation. Our electronic patient data
base [16] and all other available medical records were
used for data collection. If needed, additional data were
obtained from dialysis centers and hospitals. Missing
cases for analysis are indicated in the results section.
The ethics committee of Charité—Universitidtsmedizin
Berlin approved the study, and conformity with the
Declaration of Helsinki was ensured.

Center policy

Our standard immunosuppressive protocol (except for
participation in clinical trials) consisted of induction
therapy (in most cases anti-IL2-R antibody), calcineurin
inhibitor, mycophenolate, and steroids, aiming at a ster-
oid-free regimen after the first year if no rejection epi-
sodes had occurred. As a center policy, we do not
accept repeated mismatches in retransplantations. The
listing within the Eurotransplant acceptable mismatch
(AM) program has always been performed according to
the current Eurotransplant rules. Since the beginning,
we aimed to include all potential candidates in the AM
program. Current eligibility criteria for inclusion are a
cumulative waiting time of >2 years and a CDC com-
plement-dependent cytotoxicity panel-reactive antibod-
ies (cPRA) of >85% in either historic or current serum
sample. After graft loss, we aim to reduce immunosup-
pression in a stepwise fashion. At time of graft loss,
immunosuppression is reduced from a triple therapy to
a double therapy and over the next 2-3 months further
reduced to monotherapy, in most cases steroids (e.g.,
4 mg methylprednisolone), which are then slowly
tapered down to zero over the next 6-12 months in
order to prevent hypocortisolism.

HLA antibody testing

HLA antibody testing has been performed routinely
once yearly, when rejection was clinically suspected as
well as in case of relisting for transplantation in regular
quarterly screening intervals [6,17]. Until 2007, enzyme-
linked immunosorbent assay (ELISA) Lambda Antigen
Tray (LAT; One Lambda, Canoga Park, CA, USA) has
been performed. In 2009, a complete conversion to
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Luminex®-based LABScreen® mixed and SAB assay
(One Lambda) has been done, from 2007 until 2009
both assays were used [18,19]. All tests were performed
according to the manufacturer’s instructions. For the
SAB assay, a normalized mean fluorescence intensity
value exceeding 1000 was defined as positive in the pre-
and post-transplant setting. The HLA loci A, B, C,
DRB, and DQB were considered for the definition of
dnDSA. Due to missing typing, DQA, DPA, and DPB
could not be considered for this analysis.

The cPRA was calculated as the percentage of positive
reaction against a panel of blood donor HLA antigens
based on combined HLA class I (A and B) plus II (DR)
specificities according to Eurotransplant HLA point cal-
culation requirements (https://www.etrl.org/vPRA.aspx).
Epitope matching was performed to predict develop-
ment of dnDSA using the PIRCHE algorithm (score 0-
300). PIRCHE numbers were calculated using a web-
based tool provided by PIRCHE AG (www.pirche.org)
as previously described [15]. PIRCHE I and II values
were computed for each patient, and the sum of
PIRCHE I and II was considered as PIRCHE score.

Statistical analysis

Patient cohort characteristics and parameters were sum-
marized as mean with standard deviation or, in case of
non-normal distribution of continuous variables, as
median with IQR. The time-to-event outcome data with
respect to dnDSA development and death-censored allo-
graft survival were assessed by Kaplan—Meier plots and
log-rank tests. Landmark analysis was used to avoid
immortal time bias. For the multivariate analyses, a cox
regression and a logistic regression were conducted.
Used variables are indicated in Tables S1 and S2. Analy-
ses were conducted using SPSS 25 (IBM Corp.,
Armonk, NY, USA).

Patient characteristics

A flowchart of the study population is shown in Fig. 1.
Overall, 254 patients with 267 allograft failures were
identified between 1997 and 2017. Follow-up data were
available for all patients until December 31, 2017. If
more than one allograft loss occurred in the observa-
tional period, only the first has been included in the
subsequent analysis to avoid a dependency of data. The
median follow-up of these patients after graft loss was
7.4 years (IQR: 3.9-11.4). Demographics of the
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population are shown in Table 1. Median age at graft
loss was 57 years (IQR: 42—69). At the time of allograft
failure, 39% of patients were older or equal than
65 years. In 211/254 patients, only one (first) allograft
loss occurred in the observational period, whereas 39/
254 patients had their second transplant failure, 3/254
patients had their third transplant failure, and one
patient had a fourth transplant failure within the obser-
vational period. Patients who had their second trans-
plant failure within the observational period were
significantly younger (Table 1). The main reasons for
graft loss are summarized in Table 2. Medical events
were defined as severe medical conditions such as car-
diovascular events or infections timely linked to a per-
sistent and relevant decrease in allograft function. The
most common reasons were rejections, medical, or mul-
tifactorial causes.

Patient outcomes

Mortality of patients after graft loss

In our cohort, 19.2% of patients died within 1 year
after graft loss, 35.2% within 3 years and 76.1%
10 years after graft loss. Figure 2 illustrates the percent-
age of patients with status dead, transplanted, waitlisted,
and on dialysis (but not waitlisted) up to 10 years after
graft loss. A 10 years follow-up after graft loss was
available for 62.6% of patients.

Overall survival depends on age (Fig. 3a). Further-
more, patients who were retransplanted had the best
overall survival whereas patients who were not relisted
had the highest mortality (P < 0.001; Fig. 3b). The
superior overall survival of patients who were relisted
was also confirmed in a landmark analysis only includ-
ing patients who were relisted 1 year after graft loss
(Fig. 3¢).

Relisting

Only 111/254 patients (43.7%) were relisted, which was
defined as registration at Eurotransplant. Relisting was
mainly dependent on age. Of the relisted patients, 80
(72.1%) were younger than 55 at graft loss and only 15
(13.5%) were over 65 years of age. The majority of
patients was listed within 1 year after allograft failure
(77/111 patients, 69.4%; Table 3). Patients with no
cPRA before relisting, low cPRA (>0, but not eligible
for AM program) before relisting, or patients listed in
the AM program did not differ in relisting rates
(Fig. S1). A logistic regression analysis for relisting was
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267 patients with kidney
transplantation and allograft
failure 218 y.o between 1997-

2017

I
l |

13 transplant failure
events in patients with
two or more graft failures
in the observational
period

254 patients with one
graft failure in the
observational period

—— 211 patients with first graft failure

—— 39 patients with second graft failure

— 3 patients with third graft failure

— 1 patient with fourth graft failure

Figure 1 Study population. 267 patients received and lost an allo-
graft in the observational period. Only the first graft loss in the
observational period was included in the current analysis.

done including the explanatory variables age at trans-
plant failure, sex, length of previous transplantation,
peak cPRA after graft loss (0 or >0), coded reason for

Table 1. Information about patients who lost their graft.

What happens after graft loss

Table 2. Main reasons for graft loss.

Main reasons for graft loss % (n)
Antibody-mediated rejection 22.8 (58)
Medical 20.5 (52)
Multifactorial causes 18.9 (48)
T-cell-mediated rejection 14.2 (36)
Perioperative 8.3 (21)
Recurrent disease 6.3 (16)
Polyoma nephropathy 3.6 (9)
Unknown 3.1 (8)
Other 2.4 (6)

graft loss with the categories perioperative, immuno-
logic and nonimmunologic, and the blood type was per-
formed, and the results are reported in Table S1. The
age at transplantation is associated with relisting (OR:
0.93, CI: 0.91-0.95). The younger a patient is, the more
likely he is relisted. Further, the reason for graft loss is
associated with relisting. Patients with a nonimmuno-
logic cause of graft loss were more likely to be relisted
compared to patients with an immunologic cause of
graft loss (OR: 10.63, CI: 2.59-43.52).

Retransplantation

During the observational period, only 42/254 patients
(16.5%) with graft failure received another transplant.
Of the 42 patients who received a retransplantation dur-
ing the observational period, 80.9% were <55 years of

Overall cohort

1st graft loss 2nd graft loss

n 254 211 39
1st transplant [% (n)] 83 (211)
2nd transplant [% (n)] 15.3 (39)
3rd transplant [% (n)] 1.2 (3)
4th transplant [% (n)] 0.4 (1)
Median time to graft loss (IQR) 43 (1.2-8.2) 43(1.1-8.2) 4.8 (1.9-7.7)
Median age at graft loss (IQR) 57 (42-69) 60 (46-70) 41 (32-51)
Age in years by category
18-54 (%) 48.0 (122) 41.2 (87) 82.0 (32)
55-64 (%) 13.8 (35) 15.2 (32) 5.1 (2)
>65 (%) 38 2 (97) 43 6 (92) 12.8 (5)
Male [% (n)] 9 (149) 7 (121) 67 (26)
Living donation [% (n)] 0 (51) 4 (50) 3 (1)
Median observation time after graft loss (IQR) 4 (3.9-11.4) 0 (3.8-9.9) 9.4 (6.6-13.2)
Nephrectomy [% (n)] 1(104) 1(87) 44 (17)
Relisting (%) 4 (111) 0 (84) 69 (27)
Retransplantation (%) 16 5 (42) 19 4 (41) 2.5(1)
Median age at retransplantation (IQR) 44 6 (35.6-56.7) 50.2 (40.6-56.5) 38 (32-49.6)
Median time on dialysis in years (IQR) 0 (2.4-6.8) 3.9 (2.2-6.4) 6.2 (3.0-7.7)

Transplant International 2021; 34: 732-742
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Figure 2 Percentage of patients with a particular status. Percentage of patients with status deceased, transplanted, waitlisted, and on dialysis
(but not waitlisted) 1, 3, 5, 8, and 10 years after graft loss. Numbers above indicate number of patients with follow-up up the respective time

point.

age at graft loss, 12% were between 55 and 64, and only
7.1% were >65 years at time of graft loss. Among the
patients who received a retransplantation, 11/42 patients
(26.1%) received a living donor kidney.

According to our centers policy, all 15 highly immu-
nized patients were listed within the Eurotransplant AM
program based on the respective Eurotransplant rules.
Patients with dnDSA not listed within the AM program
had to wait a significantly longer time after relisting than
patients without dnDSA from the failed graft
(P = 0.024). Waiting time in patients in the AM pro-
gram was comparable to patients without dnDSA
(P = 0.447; Fig. S2). A cox regression was conducted for
retransplantation for the subset of relisted patients. The
following explanatory variables were used in the model:
age at transplant failure (<65 vs. >65 years), sex, and
immunization status (positive or negative peak cPRA
after graft loss or listing within the AM program). The
results are reported in Table S2. The model includes 100
relisted patients, of which 33 had a retransplantation and
67 were censored. Patients with positive peak cPRA
before relisting had a lower chance for retransplantation
compared to patients with negative peak cPRA before
relisting (HR: 0.44, CIL: 0.19-0.996, P = 0.049).

Transplant nephrectomy

In our cohort, 90/254 (35.4%) patients had a transplant
nephrectomy within the observational period. Reasons
for transplant nephrectomy are summarized in Table 4.

736

Graft intolerance syndrome and rejections were the
most common reasons for graft nephrectomy. The med-
ian time of transplant nephrectomy after transplant fail-
ure was 3.1 months. One year after graft loss, 91.3% of
transplant nephrectomies had been performed followed
by a few additional nephrectomies up to 3 years after
graft loss. Relisted patients who underwent nephrectomy
had the same survival (Fig. 4a). Nephrectomy did not
affect retransplantation (Fig. 4b).

Immunization

Only 84/247 (34%) patients had dnDSA before graft
loss and in another 48 patients (19.4%) dnDSA were
detected after allograft loss (Table 5). In 108 patients
(43.7%), no dnDSA were detected in the observational
period and in 7 patients DSA status after transplant loss
was not available.

Of the 132 patients with positive dnDSA, 40.9% of
patients had dnDSA only to class II HLA antigens,
21.7% only to class I HLA antigens, and 37.4% to both
HLA classes (Table 5).

Immunization status by cPRA before transplantation
and after graft loss (peak cPRA) is shown in Table 6.
The number of patients with a baseline cPRA of 0
decreased from 69.7% of patients before the transplan-
tation in the observational period to 40.2% of patients
after graft loss in the observational period (Class II)
whereas the number of highly immunized patients
(cPRA > 90) increased from 2% to 9.1% of patients.

Transplant International 2021; 34: 732-742
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Figure 3 Death after graft loss. (a) According to age. Kaplan-Meier
plots illustrating the cumulative incidence of death in patients accord-
ing to age at graft loss. Patients with higher age at graft loss have a
higher mortality. (b) Relisting and retransplantation. Kaplan—Meier plots
illustrating the cumulative incidence of death in patients relisted and
transplanted, relisted and not transplanted, or not relisted for repeat
kidney transplantation showing the highest mortality among non-
relisted patients. (c) Relisting. Kaplan-Meier plots with landmark at one
year, illustrating the cumulative incidence of death in patients relisted
or not relisted for repeat kidney transplantation showing a higher mor-
tality among patients not relisted 1 year after transplantation.
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As DSA after graft loss are only relevant for relisted
patients, we next analyzed presence of dnDSA in relisted
patients, which has the advantage of a complete longitu-
dinal assessment of HLA antibodies due to regular
mandatory screening of waitlisted patients. In this
cohort, 38 of 111 patients (34.2%) had dnDSA already
at time of graft loss, 43 of 111 (38.7%) patients devel-
oped dnDSA after graft loss, and 30 of 111 (27.0%)
patients did not develop dnDSA during the observa-
tional period. Among relisted patients, the distribution
of HLA immunization to class I and Il was comparable
to all patients with graft loss.

Interestingly, patients with nephrectomy had a com-
parable occurrence of dnDSA compared to patients
without nephrectomy (Fig. 5). In 110 patients without
dnDSA 1 year after transplant failure, 42 patients (38%)
were without immunosuppression, 34% were on
monotherapy, and only five were maintained on triple
therapy (Table S3). As shown in this table, we could
not reveal a major impact of the number of immuno-
suppressants on the development of dnDSA after graft
loss.

PIRCHE-II score and occurrence of dnDSA

The median PIRCHE-II score in our cohort was 69.51
(IQR 37 103). For 16 patients, PIRCHE-II score could
not be calculated and they were excluded in this analy-
sis. For further analysis, rounded cohort median was
used as a cutoff for classification dividing the cohort in
118 patients with a PIRCHE-II score <70 and 119
patients with a score >70. The occurrence of dnDSA
was significantly higher in patients with a PIRCHE-II
score >70 (P = 0.001; Fig. 6). We did not find a corre-
lation of the PRICHE-II score and cPRA at the time
point of graft loss (Fig. S3).

The present study is to the best of our knowledge the
largest study that reports detailed clinical outcomes
including retransplantation rates, immunization status
with regard to dnDSA, epitope data, and data on trans-
plant nephrectomy in patients after allograft loss. In our
single-center analysis, 267 allograft failures in 254
patients were identified over a 20 years period with
complete follow-up of key parameters. For 159 patients,
even a complete 10-year follow-up was available.

In our cohort, more than one third of patients were
over 65 years old at time of graft loss. Patients with
their second transplant failure were significantly
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Table 3. Relisting according to age.

Proportion of Proportion of

relisted retransplanted
patients (%) patients (%)
Age (years) n=111 n=42
<55 721 80.9
55-64 14.4 12
>65 13.5 7.1

Table 4. Reasons for transplant nephrectomy.

Reasons for transplant nephrectomy % (n)
Rejection 24.1 (22)
Graft intolerance syndrome 20.8 (19)
Unknown 18.7 (16)
Vascular 14.2 (13)
Infection 13.1 (12)
Malignancy 4.4 (4)
Other 4.4 (4)

younger than patients with their first transplant failure.
This observation is in accordance with a recent publica-
tion of Assfalg et al. [20] who report a significantly
younger age for third and fourth kidney transplant
recipients and also with previous reports of UNOS/
OPTN data [21,22]. Patients after repeated allograft fail-
ure represent a group of recipients that get a first trans-
plant early in life and end up with transplant failure
earlier in life again. Not surprising, mortality after graft
loss mainly depends on age at graft loss. Further,
retransplanted patients, followed by relisted patients,
show a significantly lower mortality than patients who
were not relisted for transplantation. This was an
expected result that is still reassuring in terms of our
center’s transplant evaluation procedure. Patients with a
high cumulative risk of death because of high age, car-
diovascular risk, malignancies, or other medical condi-
tions [23] are effectively separated from the collective
with lower mortality likely experience advantage from
retransplantation.

An important finding was the low chance of being
relisted or retransplanted if patients lost their allograft
aged >65 years. Further, in a logistic regression analysis
higher age was associated with lower chances for relist-
ing. Patients who get a first kidney transplant in older
age very likely only get a kidney transplant once in their
life.

Accepting organs with poor organ quality and a short
organ survival might not be the right strategy in these
patients. In patients >65 years, however, a timely
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Figure 4 Allograft nephrectomy in relisted patients (n = 111). (a)
Kaplan-Meier plots illustrating the cumulative incidence of death in
the observational period depending on nephrectomy. Relisted
patients with and without nephrectomy had the same survival

(P =0.56). (b) Kaplan—-Meier plots illustrating the cumulative inci-
dence of retransplantation. Nephrectomy did not impact relisting
(data not shown) and retransplantation (P = 0.52).

transplant is essential, even for the price of lower organ
quality. But as shown by our data, by far most patients
will have only one chance of being transplanted. Only a
small proportion of elderly patients with graft failure
gets relisted and just 4% will receive another transplant.
The poor chances of retransplantation in combination
with high perioperative mortality after acceptance of
marginal donors favor the intense search for living
donors in those patients [24,25].

The waiting time for a retransplantation in our
cohort did depend on the presence of dnDSA before
relisting. Patients with dnDSA had a significantly longer
time after relisting than patients without, except for
patients, who have been listed within the Eurotransplant
AM program. Patients with the AM program had a

Transplant International 2021; 34: 732-742
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Table 5. Occurrence of de novo donor-specific antibodies (dnDSA) in the whole cohort (n = 247, for seven individuals
dnDSA follow-up was not available) and in relisted patients (n = 111).

Overall cohort Relisted patients

n 247 111

No dnDSA in the observational period (%) 108 (43.7) 30 (27.0)
dnDSA before graft failure (%) 4 (34.0) 38 (34.2)
dnDSA after graft failure (%) 8 (19.4) 43 (38.7)
dnDSA to class | (%) 4 (21.7) 23 (20.7)
dnDSA to class Il (%) 101 (40.9) 44 (39.6)
dnDSA to class | and Il (%) 37.4 (92) 44 (39.6)

waiting time comparable to those without DSA. Thus,
patients in the AM program have a double profit from
their listing. On the one hand, they have the same wait-
ing time as the unimmunized controls and it has been
shown that due to the excellent match, AM patients
have a better 10-year graft survival compared to highly
sensitized patients transplanted on the basis of avoid-
ance of unacceptable mismatches [7]. The current allo-
cation system leads to a discrimination of patients with
a certain but not massive immunization. This has
already been addressed by Ziemann et al. [13], who
found that the waiting time is extended by 1.3 weeks if
the PRA value is increased by 1% within the regular
allocation and prolonged by 5 weeks within ESP. The
cPRA did not impact relisting but did affect retrans-
plantation in our cox regression model.

Currently, it is a matter of ongoing debate whether
transplant nephrectomy has an impact on the develop-
ment of dnDSA. The so far conducted studies are retro-
spective cohort studies with relatively small numbers
[8,9]. Most studies report a relation between transplant
nephrectomy and short-term development of dnDSA
[26-28]. Nephrectomy in our cohort occurred in 35.4%
of cases. A recent analysis from a Swiss cohort [5]
reported a much higher rate of nephrectomies (49
nephrectomies in 77 patients with graft loss). In a large
US cohort, the number of nephrectomies was described
to be 31.5% 1.6 years after graft failure and was associ-
ated with a survival benefit of patients in the nephrec-
tomy group [6]. In the present study, nephrectomy had
no impact on the development of dnDSA. We focused
only on the long-term effects in relisted patients since
they have an assured HLA follow-up every 3 months.
Almost one third of relisted patients (27%) with com-
plete HLA antibody follow-up did not develop dnDSA at
any time within the observational period, while 34.2%
already had dnDSA before graft loss. As reported previ-
ously, patients without nephrectomy also may develop
dnDSA over time (e.g., when immunosuppression is

Transplant International 2021; 34: 732-742

stopped). As a consequence, our study did not find any
measurable and clinically meaningful effect of transplant
nephrectomy on waiting times.

Although it is frequently reported in the literature
that antibody-mediated rejection (ABMR) is a major
cause of graft loss [29,30], according to our data it can
maximally account for around one third of overall graft
losses since the presence of DSA is prerequisite for the
detection of ABMR [31]. When dnDSA are detected
and a protocol biopsy is performed, ABMR is also only
detected in 40% of cases [32]. As previously reported,
the development of dnDSA is a risk factor for the devel-
opment graft failure [15,33].

To estimate the risk for post-transplant dnDSA, sim-
ply counting the number of mismatches is an effective
method to predict the development of dnDSA. How-
ever, this method can be further refined by assessing the
immunogenic potential of individual HLA mismatches
[34] and by considering epitopes that are present in
mismatched HLA and which are involved in T-cell-me-
diated alloimmune responses [35]. It has been shown
that it is able to predict the occurrence of dnDSA in
kidney transplant recipients [15] and also after trans-
plant nephrectomy [36]. In our cohort, the median
PIRCHE score was 69.5 and patients with a PIRCHE
score above this score were more likely to develop
dnDSA confirming the predictive power of this tool.

The limitations of this study are its retrospective design
in a single center with a limited number of patients and
incomplete assessment of variables of potential interest
such as blood transfusions. The retrospective designs of
this study cannot show causation, but only associations.
This single-center experience may not extrapolate well to
other centers or other country populations.

In summary, we found within this single-center study
that patients after graft loss have a high mortality when
not relisted. The chance of retransplantation is very low
when graft loss occurs >65 years of age. The presence of
dnDSA does not negatively impact relisting but it does
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Table 6. Baseline (before transplantation in the observational period) and peak cPRA after graft loss in the

observational period.

cPRA Class | cPRA Class |l cPRA Class | cPRA Class |l
baseline [% (n)] baseline [% (n)] peak [% (n)] peak [% (n)]
cPRA O 63.4 (161) 69.7 (177) 42.1 (107) 40.2 (102)
cPRA 1-30 8.7 (22) 2.0 (5) 15.7 (40) 11.0 (28)
cPRA 30-60 3.1(8) 2.4 (6) 9.1 (23) 12.6 (32)
cPRA 60-90 43 (11) 5.5 (14) 14.6 (37) 16.9 (43)
cPRA >90 2.0 (5) 5.0 (5) 8.3 (21) 9.1 (23)
cPRA NA 18.5 (47) 18.5 (47) 10.2 (26) 10.2 (26)
100 .i*no nephrectomy 100 +*PIRCHE £ 70
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Figure 5 Transplant nephrectomy and de novo donor-specific anti-
bodies (dnDSA) of relisted patients without preformed dnDSA at time
of graft loss. Kaplan-Meier plots illustrating the cumulative incidence
of dnDSA depending on nephrectomy or no nephrectomy. Nephrec-
tomy and no nephrectomy group do not significantly differ in the
development of dnDSA (P = 0.3).

impact waiting time until retransplantation. Transplant
nephrectomy in our cohort did not impact the develop-
ment of dnDSA questioning previous retrospective stud-
ies. The Eurotransplant AM program currently favors
highly sensitized patients, which should lead to a close
examination whether patients are eligible to be listed
within AM, while generally measured by cPRA is associ-
ated with longer waiting times. In addition, in the current
study, epitope matching has shown to predict alloimmu-
nization. Therefore, this could be a strategy to improve
matching algorithms as a strategy to prevent alloimmu-
nization minimizing the group of moderately immunized
patients with long waiting times after graft loss.
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Figure 6 PIRCHE (Predicted Indirectly ReCognizable HLA Epitopes) -
score. Kaplan—Meier plots illustrating the cumulative incidence of de
novo donor-specific antibodies (dnDSA) stratified by a PIRCHE score
<70 and >70.
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