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SUMMARY

The optimum approach towards immunosuppression withdrawal following
kidney transplant failure is unclear. Prolonged weaning may be associated
with reduced sensitization, less graft nephrectomy and greater likelihood of
retransplantation, but conversely increased risk of infection, malignancy
and death. We conducted a single-centre retrospective analysis of patients
experiencing graft failure between 2007 and 2017, comparing rates of sensi-
tization, retransplantation, nephrectomy, infection, malignancy and death
between patients who had immunosuppression weaned over <90 vs. 90–
180 vs. >180 days. Patient survival after immunosuppression withdrawal
over <90 vs. 90–180 vs. >180 days was 73.3%, 72.1% and 80.4%, respec-
tively (P = 0.35), with no differences in cPRA (80.06 vs. 81.21 vs. 85.42,
P = 0.66) or retransplantation rate [24/31 (77.4%) vs. 21/35 (60.0%) vs.
22/36 (61.1%), P = 0.13]. There was significantly less nephrectomy after
late immunosuppression cessation [10/42 (23.8%) vs. 7/42 (16.7%) vs. 3/
43 (7.0%), P = 0.01] but no differences in infections or malignancy. On
competing risk regression (death as competing risk) controlling for cofac-
tors including age, nephrectomy and rejection, prolonged immunosuppres-
sion did not predict likelihood of retransplantation (SHR 1.000, P = 0.88).
Prolonged immunosuppression withdrawal does not reduce sensitization or
improve retransplantation rates but is associated with less nephrectomy.
Immunosuppression withdrawal should be tailored to individual circum-
stances after graft failure.

Transplant International 2021; 34: 2353–2362

Key words
immunosuppression, kidney transplantation, sensitization

Received: 15 February 2021; Revision requested: 20 July 2021; Accepted: 23 July 2021; Published

online: 21 September 2021

Introduction

Kidney transplantation is the optimal treatment for

appropriately selected patients with end-stage kidney

disease (ESKD) and is associated with better survival

and quality of life compared with remaining on dialysis

[1]. Developments in immunosuppressive medications

have resulted in significant reductions in rates of acute

rejection [2]; however, long-term outcomes have not

improved commensurately. A substantial proportion of
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transplant recipients will eventually experience graft fail-

ure and therefore need to return to dialysis [3,4]. Man-

agement of immunosuppression in these patients

remains challenging with a paucity of evidence available

to guide clinicians.

Patients who re-commence dialysis after experiencing

graft failure are at significantly greater risk of death

compared with wait-listed dialysis patients who have yet

to be transplanted [5]. Retransplantation can signifi-

cantly abrogate this increase in mortality [6], but the

opportunity to be retransplanted is often limited by the

development of anti-human leukocyte antigen (HLA)

antibodies as a result of exposure to allo-antigen from

the previous transplant. Some studies have reported that

continuation of immunosuppression after allograft fail-

ure is associated with reduced rates of allo-

immunization and requirement for graft nephrectomy

[7,8]. Conversely, prolonged exposure to immunosup-

pression may be associated with adverse events such as

increased risks of infection [9], malignancy [10] and

death [11]. Despite limited evidence, it has become

common practice for immunosuppression to be with-

drawn after graft failure although there is a universal

lack of consensus on the optimal way to achieve this

[12]. Some centres have advocated rapid withdrawal of

immunosuppression [9], while others have suggested

more gradual tapering regimens [13]. Ideally, with-

drawal protocols should be designed to optimally bal-

ance the competing risks of sensitization against those

of infection and malignancy.

Few studies have examined the relative benefits and

risks associated with prolonged immunosuppression

after graft failure, with regard to sensitization and likeli-

hood of retransplantation. Overall, studies that have

been published suggest an association between pro-

longed immunosuppression withdrawal and reduced

risk of allo-immunization [7,8]. However, most of these

have been limited by heterogeneous methodology,

restrictive inclusion criteria, small sample sizes and reli-

ance upon older antibody detection techniques. Further

data are required to confirm these early findings.

We therefore conducted a single-centre retrospective

cohort study of unselected kidney transplant recipients

who experienced death-censored graft failure between

January 2007 and December 2017, comparing outcomes

between patients weaned from immunosuppression over

different periods of time. We aimed to determine

whether prolonged immunosuppression withdrawal

after graft failure conferred a sensitization and retrans-

plantation advantage, with sensitization being measured

by modern solid-phase assay techniques used in organ

allocation protocols. We also sought to evaluate the

risks associated with such prolonged withdrawal.

Materials and Methods

Approval for this retrospective cohort study was

obtained from the Royal Melbourne Hospital Human

Research Ethics Committee (QA2019125). The study

was conducted using data from the Nephrology depart-

mental database, institution electronic medical record

and institution admission coding record. Study partici-

pants consisted of kidney transplant recipients aged

≥18 years, who experienced death-censored graft failure

between 1 January 2007 and 31 December 2017. The

date of graft failure was defined as the date of com-

mencement of haemodialysis or peritoneal dialysis. The

duration of immunosuppression withdrawal was defined

as the time between the date of graft failure to the date

of the last prescription record of any noncorticosteroid

immunosuppressive medication, death, or retransplanta-

tion (whichever came first), confirmed by review of the

medical record. Subjects were analysed according to

their duration of immunosuppression withdrawal:

<90 days vs. 90–180 days vs. >180 days. Patients who

transferred their care to other institutions, who had

incomplete data or who had graft failure due to primary

nonfunction were excluded from analysis.

Outcomes

The primary outcomes of this study were as follows:

patient survival, sensitization postgraft failure [as

defined by calculated panel reactive antibody (cPRA)

results] and rate of retransplantation. Secondary out-

comes included the following: cancer diagnosis, graft

nephrectomy, hospital admission and infection episodes.

Infection episodes were further categorized as episodes

of sepsis, urinary tract infection, pneumonia, skin infec-

tion and dialysis catheter-related infection.

Baseline demographics, clinical outcomes and pathol-

ogy results were determined using data from the depart-

mental database, institution electronic medical record

and institution admission coding record. Infection epi-

sodes were identified from the hospital admissions data-

bases (ICD-10 AM codes: sepsis A40XX or A49XX,

septic shock R572, severe sepsis R651; infection with

bacterial, viral or other agents B950-B978 or candida

B374 and B477; urinary tract infections N390; pneumo-

nia J1XX, J8XX and J9XX; skin infections L03XX or

infection in setting of type 1 or type 2 diabetes E106; or

infection related to catheter used for dialysis T8XX
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assigned as principal or complicating discharge diag-

noses). Patients who were diagnosed with malignancies

and those who underwent graft nephrectomy were iden-

tified from medical records.

Antibody detection

Detection of anti-HLA antibodies and determination of

their specificity after graft failure was conducted using

One Lambda Luminex single-antigen bead assays (OLI-

SAG), with results expressed as mean fluorescence inten-

sity (MFI). Serum tested by OLISAG was pretreated

using hypotonic dialysis. cPRA was determined for each

subject based upon the cumulation of anti-HLA antibod-

ies with MFI >4000, as donor-specific antibodies (DSA)

above this are used for determination of unacceptable

antigen for use in virtual crossmatch. Luminex assays

were not used at our centre prior to 2007; therefore, pre-

transplant sensitization was determined by the peak panel

reactive antibody (PRA) as determined by complement-

dependent cytotoxicity (CDC) screening. Subjects who

were screened for anti-HLA antibodies after graft failure

were deemed to have been worked up for retransplanta-

tion. Screening was performed at the time of referral and

then annually thereafter.

Statistical analyses

For baseline characteristics, categorical variables are

reported as counts and proportions with differences

assessed by the chi-square test. Continuous data are

summarized as means with standard deviation (SD) or

median and interquartile range (IQR) where appropri-

ate and compared using the one-way ANOVA. Outcome

measures between cohorts were compared on a time-to-

event basis using the log-rank test. Associations between

outcomes and continuous variables were analysed using

Cox regression and the Pearson correlation coefficient.

Competing risk regression using a Fine and Gray model

was conducted to identify factors predictive of retrans-

plantation likelihood with death as the competing risk.

Statistical analyses were conducted using GRAPHPAD PRISM,

STATA and SPSS software, with two-sided P-values <0.05
considered to be significant.

Results

Patient population and baseline characteristics

A total of 168 patients experienced nondeath-related

kidney allograft failure at our centre between 1 January

2007 and 31 December 2017. Of these, 23 patients who

transferred their care to other centres, 10 patients with

incomplete follow-up data and 1 patient with primary

nonfunction were excluded, leaving 134 patients for

inclusion in this analysis (Fig. 1). The majority of sub-

jects were male (n = 85, 63.4%) and were recipients of

deceased donor kidney transplants (n = 74, 55.2%). The

most common reason for graft failure was chronic rejec-

tion (n = 107, 79.9%), while the median duration of

immunosuppression withdrawal was 130 days (IQR

76.75–218.8). The majority had experienced a single

allograft failure (n = 109, 81.3%), with 23 (17.2%) hav-

ing had failure of two grafts and 2 (1.5%) having had

failure of three or more grafts. Immunosuppression

after graft failure consisted of: tacrolimus (n = 74,

55.2%), cyclosporine (n = 22, 16.4%), mycophenolate

mofetil (n = 102, 76.1%), mycophenolate sodium

(n = 17, 12.7%), azathioprine (n = 10, 7.5%), everoli-

mus (n = 4, 3.0%) and sirolimus (n = 5, 3.7%). Pre-

transplant PRA was available in 127 (94.8%) of patients.

Within this cohort, 45 patients had immunosuppression

withdrawn in less than 90 days, 43 patients had

immunosuppression withdrawn at between 90 and

180 days, while the remaining 46 patients had immuno-

suppression weaned over more than 180 days. The base-

line characteristics between the three groups were

similar (Table 1).

Outcomes of immunosuppression withdrawal over
<90 days vs. 90–180 days vs. >180 days

To determine whether prolonged immunosuppression

withdrawal was associated with improvement in sensiti-

zation or retransplantation rate, we compared outcomes

between subjects who were weaned over <90 days with

those who were weaned over 90–180 days or >180 days.

Over a median follow-up period of 1286, 1327 and

1523 days, respectively (P = 0.87), no difference in

patient survival was observed between the cohorts with

immunosuppression withdrawal over <90 days and

those who had immunosuppression withdrawn over 90–
180 days or over >180 days [33/45 (73.3%) vs. 31/43

(72.1%) vs. 37/46 (80.4%), P = 0.35; Table 2]. In the

cohort with the most rapid immunosuppression with-

drawal, 31/45 (68.9%) were referred for retransplanta-

tion at a median of 567 days vs. 35/43 (81.4%) at a

median of 430 days in the intermediate group and 36/

46 (78.3%) at a median of 649 days of those in the

gradual withdrawal group (P = 0.73). Of those under-

going a Luminex screen, there was no significant differ-

ence in the mean cPRA between subjects weaned over
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<90 days versus those weaned over 90–180 days or

those weaned over >180 days [80.06 vs. 81.21 vs. 85.42,

(P = 0.66; Fig. 2)]. The likelihood of retransplantation

between patients referred for assessment in the three

groups was also similar with 24/31 (77.4%) of those

weaned over <90 days, 21/35 (60.0%) of those weaned

over 90–180 days and 22/36 (61.1%) of those weaned

over >180 days being retransplanted (P = 0.13). Among

patients who were retransplanted, the median time to

retransplantation was 687 days (IQR 289–1079) with

higher cPRA being significantly associated with longer

time to retransplantation (Pearson correlation coeffi-

cient R = 0.41, P = 0.001). Additional analysis showed

no association in immunosuppression wean duration as

a continuous variable and death, assessment for retrans-

plantation, sensitization or retransplantation (Table S1).

Five patients experienced graft failure within the first

year post-transplant (3 in the <90 day cohort, 1 in the

90–180 day cohort and 1 in the >180 day cohort).

Exclusion of these patients from analysis had no signifi-

cant effect on outcomes (Table S2).

Weaning of immunosuppression over longer periods

of time was associated with significantly less

nephrectomy than weaning over shorter periods. In

those weaned over <90 days, 13/45 (28.9%) underwent

nephrectomy compared with 8/43 (18.6%) in the 90–
180 day cohort and 6/46 (13.0%) of those weaned over

>180 days (P = 0.04; Table 3). Seven of these patients

underwent nephrectomy prior to the completion of

their immunosuppression wean. After excluding these

patients from analysis, postweaning nephrectomy

occurred in 10/42 (23.8%) patients weaned over

<90 days compared with 7/42 (16.7%) of those weaned

over 90–180 days and 3/43 (7.0%) of those weaned

over >180 days (P = 0.01). There were no differences in

the incidence of new cancer diagnoses in patients who

were weaned over <90 days compared with those

weaned over 90–180 days or those weaned over

>180 days [2/45 (4.4%) vs. 4/43 (9.3%) vs. 3/46

(6.5%), P = 0.35], nor were there any significant differ-

ences in the numbers of patients requiring hospital

admission [24/45 (53.3%) vs. 23/43 (53.5%) vs. 25/46

(54.3%), P = 0.77] or those experiencing infection [24/

45 (53.3%) vs. 24/43 (55.8%) vs. 26/46 (56.5%),

P = 0.86], sepsis [14/45 (31.1%) vs. 11/43 (22.6%) vs.

11/46 (23.9%), P = 0.65], urinary tract infections [4/45

Figure 1 Immunosuppression after death-censored graft failure at our institution 2007–2017: patient population.
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(8.9%) vs. 7/43 (16.3%) vs. 9/46 (19.6%), P = 0.19],

pneumonia [4/45 (8.9%) vs. 9/43 (20.9%) vs. 9/46

(19.6%), P = 0.25], skin infections [1/45 (2.2%) vs. 1/

43 (2.3%) vs. 1/46 (2.2%), P = 0.99] or dialysis catheter

infections [3/45 (6.7%) vs. 6/43 (14.0%) vs. 6/46

(13.0%), P = 0.12].

A competing risk regression using a Fine and Gray

model was employed to examine variables associated

Table 1. Baseline characteristics of renal allograft recipients.

<90 days (n = 45) 90–180 days (n = 43) >180 days (n = 46) P-value

Male (n, %) 27 (60.0%) 32 (74.4%) 26 (56.5%) 0.18
Age at transplantation (median, IQR) 37 (26.5, 47) 41 (34, 50) 37 (27, 50.3) 0.48
Age at graft failure (median, IQR) 46 (42, 57) 53 (43, 62) 47.5 (38.5, 59.3) 0.17
Year of transplantation
1980–1999 13 (28.9%) 13 (30.2%) 13 (28.3%)
2000–2009 21 (46.7%) 24 (55.8%) 23 (50.0%)
2010–2016 11 (24.4%) 6 (14.0%) 10 (21.7%)

Diabetes (n, %) 11 (24.4%) 11 (25.6%) 8 (17.4%) 0.60
Transplant type
Deceased donor (n, %) 25 (55.6%) 24 (55.8%) 25 (54.3%) 0.99
Living donor (n, %) 20 (44.4%) 19 (44.2%) 21 (45.7%)

Duration of functioning
transplant (mean days � SD)

3595 � 2869 4093 � 2670 3705 � 2601 0.67

Graft number (n, %)
1 36 (80.0%) 36 (83.7%) 37 (80.4%) 0.91
2 8 (17.8%) 7 (16.3%) 8 (17.4%)
≥3 1 (2.2%) 0 1 (2.2%)

Number of HLA mismatches (mean, SD)* 3.50 � 1.5 3.26 � 1.6 2.88 � 1.5 0.20
PRA pretransplant (mean, SD)† 4.58 � 12.5 5.55 � 16.5 9.43 � 23.7 0.86
Number of immunosuppressive medications
1 3 (6.7%) 1 (2.3%) 4 (8.7%)
2 17 (37.8%) 19 (44.2%) 13 (28.3%)
3 25 (55.6%) 23 (53.5%) 29 (63.0%)

Immunosuppressive medications (n, %)
Tacrolimus 26 (57.8%) 20 (46.5%) 28 (60.9%)
Cyclosporin 8 (17.8%) 9 (20.9%) 5 (10.9%)
Mycophenolate mofetil 35 (77.8%) 30 (69.8%) 37 (80.4%)
Mycophenolate sodium 6 (13.3%) 5 (11.6%) 6 (13.0%)
Azathioprine 0 7 (16.3%) 3 (6.5%)
Everolimus 0 1 (2.3%) 3 (6.5%)
Sirolimus 2 (4.4%) 3 (7.0%) 0
Prednisolone 35 (77.8%) 33 (76.7%) 35 (76.1)

Wean duration (days, median, IQR) 56 (23.5, 77.5) 129 (108, 152) 290.5 (215.3, 393.3) <0.0001
Reason for graft failure (n, %)
Subacute rejection 0 0 1 (2.2%)
Acute rejection 4 (8.9%) 2 (4.7%) 1 (2.2%)
Chronic rejection 36 (80%) 35 (81.4%) 36 (78.3%)
Glomerulonephritis 2 (4.4%) 1 (2.3%) 0
Noncompliance 1 (2.2%) 0 2 (4.3%)
Vascular 1 (2.2%) 0 1 (2.2%)
Drug toxicity 1 (2.2%) 0 0
Recurrent disease 0 3 (7.0%) 2 (4.3%)
Cholesterol emboli 0 1 (2.3%) 0
BK nephropathy 0 1 (2.3%) 0
Other 0 0 1 (2.2%)
Unknown 0 0 2 (4.3%)

*Data available in 38 patients in <90 days group, 35 patients in 90–180 days group and 40 patients in >180 days group.

†Data available in 43 patients in <90 days group, 40 patients in 90–180 days group and 44 patients in >180 days group.
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with the likelihood of retransplantation after graft failure

with death as the competing risk (Table 4). Cofactors

included in the analysis included: duration of immuno-

suppression wean postgraft failure, age at transplant fail-

ure, female gender, deceased donor transplant, rejection

as cause of graft failure and nephrectomy. Only age at

transplant failure predicted for likelihood of retransplan-

tation (SHR 0.999, 95% CI 0.998–0.999, P = 0.04). Dura-

tion of immunosuppression wean postgraft failure (SHR

1.000, 95% CI 0.999–1.001, P = 0.88), female gender

(SHR 1.271, 95% CI 0.766–2.108, P = 0.35), deceased

donor transplant (SHR 0.701, 95% CI 0.406–1.211,

P = 0.20), rejection (SHR 0.848, 95% CI 0.428–1.682,
P = 0.64) and nephrectomy (SHR 0.837, 95% CI 0.472–
1.485, P = 0.54) did not predict for likelihood of even-

tual retransplantation.

Discussion

There are currently little data to guide clinicians in the

management of immunosuppression following kidney

allograft failure. The clinical challenge when considering

immunosuppression withdrawal is to balance the risk of

allo-immunization and acute allograft rejection with the

risk of infection and malignancy associated with exces-

sive exposure to immunosuppression. Relatively few

studies and, to our knowledge, no prospective random-

ized control trials, have addressed this issue. As such,

no consensus exists about how best to manage

immunosuppression withdrawal, with some centres

advocating rapid withdrawal [9] while others suggesting

more gradual tapering [13].

In this study, we sought to determine whether delayed

immunosuppression withdrawal in unselected patients

with kidney allograft failure was associated with benefits in

terms of degree of sensitization and associated increase in

likelihood of retransplantation. We also sought to assess

the impact of extended immunosuppression exposure on

rates of adverse outcomes including infection, malignancy

and need for nephrectomy. Our findings suggest that

slower withdrawal of immunosuppression beyond >90 or

180 days postgraft failure is not associated with any signifi-

cant reduction in sensitization, nor is it associated with an

increase in the likelihood of retransplantation. Extended

immunosuppression withdrawal is, however, associated

with a significantly reduced risk of allograft nephrectomy.

Our results are in contrast with those of previous ret-

rospective studies examining the effect of immunosup-

pression withdrawal on sensitization after kidney

allograft failure. In a retrospective analysis of 119

Table 2. Clinical outcomes and sensitization postgraft failure with immunosuppression weaned <90 days vs. 90–
180 days vs. >180 days.

<90 days (n = 45) 90–180 days (n = 43) >180 days (n = 46) P-value

Follow-up time (days) (median, IQR) 1286 (572 - 2399) 1327 (730 – 2040) 1523 (953.8 – 2108) 0.87
Death (n, %) 12 (26.7%) 12 (27.9%) 9 (19.6%) 0.35
Assessed for retransplantation (n, %) 31 (68.9%) 35 (81.4%) 36 (78.3%) 0.73
Median time to screening for
retransplantation (days)

567 430 649

cPRA (mean, SD) 80.06 � 29.4 81.21 � 25.0 85.42 � 23.9 0.66
Retransplanted (n, % of patients
assessed for retransplantation)

24/31 (77.4%) 21/35 (60.0%) 22/36 (61.1%) 0.13

Figure 2 Sensitization after graft failure between patients weaned

over <90 days and those weaned over 90–180 days or >180 days.

cPRA was determined for each subject based upon anti-HLA antibod-

ies with MFI >4000 detected by OLISAG. Error bars indicate

mean � SD.
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patients with low pretransplant PRA (median 0%) who

experienced graft failure, Augustine et al. [7] reported

that only 8% of patients who continued immunosup-

pression became highly sensitized (defined as PRA

>80%) compared with 68% of those who were weaned

from immunosuppression. Multivariate analysis sug-

gested that immunosuppression withdrawal predicted

the development of sensitization independently of HLA

matching or graft nephrectomy. There were also non-

significant trends towards greater likelihood of retrans-

plantation and shorter time to retransplantation in the

group who continued immunosuppression. It is impor-

tant to note, however, that this earlier study was

designed to compare outcomes between patients who

continued immunosuppression indefinitely with those

who ceased immunosuppression at any time rather than

between patients who eventually ceased immunosup-

pression over defined periods of time. This difference in

study design may account for some of the differences in

the outcomes compared to our results. Importantly, the

study by Augustine et al. did not report the incidence

of immunosuppression related adverse outcomes such

as infection but did report two malignancy-related

deaths in the maintenance immunosuppression group

(melanoma and central nervous system lymphoma)

which may have been related to continuation of

immunosuppression.

In another retrospective study examining the poten-

tial effect of prolonged immunosuppression withdrawal

in preventing allo-immunization after allograft failure,

Casey et al. reported that of 49 patients who experi-

enced graft failure and who were subsequently referred

for retransplantation, there was a beneficial effect seen

in those whose immunosuppression was withdrawn over

a period >3 months [8]. Specifically, this study found

that 66% of patients who were weaned over more than

3 months remained unsensitized (PRA 0%) compared

with 30% of patients who were weaned over

<3 months. A secondary analysis of PRA results per-

formed in 38 patients found mean PRA levels to be sig-

nificantly lower in the prolonged withdrawal group

compared with the early withdrawal group (12.5% vs.

40.6%). No excess in mortality, infection or malignancy

was detected in the prolonged withdrawal group,

Table 3. Immunosuppression complications postgraft failure with immunosuppression weaned <90 days vs. 90–
180 days vs. >180 days.

<90 days (n = 45) 90–180 days (n = 43) >180 days (n = 46) P-value

Nephrectomy (n, %) 13 (28.9%) 8 (18.6%) 6 (13.0%) 0.04
Nephrectomy post wean (n, %) 10/42 (23.8%) 7/42 (16.7%) 3/43 (7.0%) 0.01
Cancer (n, %) 2 (4.4%) 4 (9.3%) 3 (6.5%) 0.35
Admitted to hospital (n, %) 24 (53.3%) 23 (53.5%) 25 (54.3%) 0.77
Median time to first admission (days) 1741 885 681
Infection (n, %)
Any 24 (53.3%) 24 (55.8%) 26 (56.5%) 0.86
Sepsis 14 (31.1%) 11 (22.6%) 11 (23.9%) 0.65
Urinary tract infections 4 (8.9%) 7 (16.3%) 9 (19.6%) 0.19
Pneumonia 4 (8.9%) 9 (20.9%) 9 (19.6%) 0.25
Skin infections 1 (2.2%) 1 (2.3%) 1 (2.2%) 0.99
Dialysis catheter infection 3 (6.7%) 6 (14.0%) 6 (13.0%) 0.12

Table 4. Multivariate analysis of factors associated with retransplantation—competing risk regression (Fine and Gray).

SHR 95% CI P-value

Duration of immunosuppression wean 1.000 0.999–1.001 0.88
Age at transplant failure 0.999 0.998–0.999 0.04
Female gender 1.271 0.766–2.108 0.35
Deceased donor transplant 0.701 0.406–1.211 0.20
Rejection history 0.848 0.428–1.682 0.64
Nephrectomy 0.837 0.472–1.485 0.54

Outcome: retransplantation. Competing risk: death.
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although event numbers were low. Of note, the median

duration of immunosuppression in the early withdrawal

groups in this previous study was lower than that in

our current study (24 days vs. 56 days), raising the pos-

sibility that overly rapid withdrawal may be disadvanta-

geous with regards to sensitization. This suggests that

there might be some benefit in continuing immunosup-

pression for a very short period after graft failure, but

that no additional benefit is derived from more

extended exposure.

Unlike previous reported studies where PRA mea-

surement was based on CDC or Flow-PRA, our results

are based entirely on solid-phase assays using single-

antigen beads and cPRA. Solid-phase assays are signifi-

cantly more sensitive than CDC and can detect anti-

HLA antibodies that may not otherwise be identified

[14]. Additionally, single-antigen bead assays such as

OLISAG may be more relevant than other solid-phase

assays (such as Flow-PRA) that incorporate panels of

representative HLA antigens and are actually used to

define unacceptable antigens in current organ allocation

protocols. These differences may account for the signifi-

cantly higher sensitization postgraft failure seen in our

study compared with previous cohorts. It may also par-

tially explain the discordance between our results and

that of previous reports with regard to the benefits of

prolonged immunosuppression on sensitization. Of

note, the average cPRA of patients on the waiting list

for a first transplant at our centre is 13.9%.

Despite the lack of improvement in postgraft failure

sensitization and retransplantation rates with prolonged

immunosuppression withdrawal seen in this study, we

did observe a significant reduction in requirement for

graft nephrectomy in patients whose immunosuppres-

sion was weaned more slowly. Withdrawal of immuno-

suppression may precipitate acute on chronic rejection

necessitating nephrectomy after graft failure. While

7.0% of patients weaned over >180 days still eventually

required nephrectomy, this was significantly lower than

the 16.7% and 23.8% of those weaned over 90–180 and

<90 days, respectively, who underwent the same proce-

dure. These findings are similar to those of Augustine

et al. [7] who also reported a lower graft nephrectomy

rate in the cohort continued on immunosuppression. In

addition to the potential reduction in morbidity and

mortality associated with graft nephrectomy, there is

evidence that rates of sensitization may increase follow-

ing this procedure. Several small studies have reported

higher PRA scores and an associated prolonged time to

retransplantation in those subjects undergoing graft

nephrectomy [15–17]. The increase in sensitization after

nephrectomy may be especially pronounced in patients

who were previously unsensitized and in those who

undergo nephrectomy within the first 6 months post-

transplant [18]. The mechanism of increased sensitiza-

tion after graft nephrectomy remains unclear, although

a possibility might be loss of antibody binding to the

allograft [15].

Notwithstanding this, the benefits of prolonged

immunosuppression in reducing nephrectomy risk must

be balanced against the potential adverse effects, particu-

larly with regard to infection and malignancy. Previous

studies have shown infection-related mortality after kid-

ney allograft failure and return to dialysis to be signifi-

cantly higher compared with transplant-na€ıve subjects

[19]. Infection-related complications are the second most

common cause of death in patients experiencing graft fail-

ure, with only cardiac disease being more prevalent

[9,11]. Earlier analyses have shown maintenance immuno-

suppression after kidney allograft failure to be significantly

associated with a greater incidence of infection compared

with cessation [20]; however, our study did not find any

significant differences in infection risk in the patients who

underwent slower withdrawal of immunosuppression

compared with those whose immunosuppression was

withdrawn in shorter periods of time.

Cancer is a commonly seen complication of kidney

transplant recipients and is a leading cause of death with

a functioning graft [21]. Cumulative exposure to

immunosuppression is a significant risk factor for the

development of malignancy. A registry analysis of 8173

kidney transplant recipients found the incidence of some

cancers to be higher during periods of immunosuppres-

sion exposure compared with the rate observed following

allograft failure and associated withdrawal of immuno-

suppression [10]. This was particularly the case for

malignancies associated with viral infections such as

Kaposi sarcoma (human herpes virus 8) and non-

Hodgkin lymphoma (Epstein-Barr virus), as well as lip

cancer and melanoma. The incidence of renal tract can-

cers, lung cancers and leukaemia was not affected. While

6.7% of patients in our cohort had a new cancer diagno-

sis, we did not find any associations between cancer inci-

dence and rate of immunosuppression withdrawal.

The strengths of this study include evaluation of data

from patients over a prolonged period with significant

follow-up time, as well as a uniform method of evaluat-

ing sensitization using modern solid-phase assay-based

techniques that are currently standard of care for organ

allocation in most jurisdictions. Conversely, our study is

limited by sample size and the inherent issues involved

with analysing retrospective data. In addition, only
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patients being considered for retransplantation had their

cPRA measured after allograft failure. Residual con-

founders such as hospital admissions, infections or

blood transfusions in the community or at other health-

care centres were not captured by our data.

In conclusion, this single-centre, retrospective analysis

of unselected patients with kidney allograft failure

demonstrated no beneficial effect of prolonged

immunosuppression withdrawal on likelihood of allo-

immunization or time to retransplantation. Prolonged

immunosuppression was associated with a significantly

lower risk of nephrectomy. Future prospective control

studies are required to definitively determine the bene-

fits and risks of prolonged immunosuppression wean-

ing. Until these studies are conducted, caution is

warranted before subjecting patients to extended

immunosuppression with the aim of increasing chances

of retransplantation. Clinicians should carefully individ-

ualize weaning protocols to account for comorbidities,

risk profile and patient preferences, aiming to minimize

the adverse effects of immunosuppression without

increasing sensitization and compromising prospects of

retransplantation.
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