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Management of immunosuppression in patients with a failing or failed kidney
transplant requires a complete assessment of their clinical condition. One of the
major considerations in determining immunosuppression is whether or not such
an individual is considered a candidate for re-transplantation. Withdrawal of
immunosuppression in a re-transplant candidate can result in allosensitization
and markedly reduce the chances of a repeat transplant. In this review, we
summarize the effects of immunosuppression reduction on HLA sensitization,
discuss the impacts of allosensitization in these patients, and explore reduction
protocols and future directions. Risks of chronic immunosuppression, medical
management of the failing allograft, and the effect of nephrectomy are covered
elsewhere in this issue.
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Introduction

Kidney transplantation is the optimal treatment for individuals with end-stage kidney
disease (ESKD). The recipients of kidney transplants experience significant increases in life
expectancy and quality of life, and there are reductions in the overall societal cost of ESKD
care (1-3). The success of transplant is the result of the development of effective
immunosuppression (4, 5).

Abbreviations: ABMR, antibody-mediated rejection; CNI, calcineurin inhibitor; ESKD, end-stage kidney
disease; DSA, donor-specific antibody; HLA, human leukocyte antigen; KAS, kidney allocation system; PRA,

panel-reactive antibodies; TCMR, T-cell-mediated rejection.
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However, long-term allograft survival has remained unchanged
over the past several decades, with 10-year graft survival around
40%-50% (5). Exposure to chronic immunosuppression may
partially be responsible for this phenomenon. It has been well
established that immunosuppressive medications used in
transplantations increase the risks of diabetes, malignancy, and
infection, and result in premature allograft loss (6, 7). Calcineurin
inhibitors (CNIs), which make up over 90% of immunosuppressive
regimens, have inherent renal toxicity (8-10). Furthermore, current
immunosuppressive medications appear to have little protection
against chronic rejection, a leading cause of graft failure (11). The
end result is a return to dialysis for many patients with a transplant.

It is estimated that approximately 4% of prevalent dialysis
patients in the United States are prior kidney transplant
recipients (12). Studies demonstrate that for transplant recipients
who return to dialysis, there are increased risks of cardiovascular
complications, infection, and death compared with incident dialysis
patients without a transplant (13-15). One plausible explanation for
these observations is the continued use of immunosuppressive
medications, which increase the risk of infections and lead to an
adverse cardiovascular profile (13). Prior kidney transplant
recipients who return to dialysis may also represent a sicker
population, returning to dialysis after medical complications.
Despite the increased mortality rates in patients who are on
dialysis re-transplantation remains a realistic option, as
approximately 15% of the deceased donor kidney waiting list in
the United States is composed of prior transplant recipients (16).
The ongoing use of immunosuppressive medications may alleviate
the consequences of chronic inflammation of the allograft, preserve
residual renal function, and reduce allosensitization to improve re-
transplant opportunities.

This review will focus on kidney transplant recipients with failing
allografts who remain potential re-transplant candidates, the effects of
immunosuppression changes on allosensitization and re-transplantation
in these candidates, current recommendations, and areas of future
exploration. The risks of continued immunosuppression, the role of
immunosuppression reduction, management of a failing kidney allograft
and initiation of renal replacement therapy, and nephrectomy are
covered elsewhere in this issue.

Immunosuppression in kidney
transplant recipients

The development of effective immunosuppressive medications
has resulted in a dramatic increase in allograft survival since the first
successful transplant in 1954. Exposure to these medications results
in an immunological state of acceptance, which requires the
ongoing use of immunosuppressive medications to prevent the
normal host reaction against the allograft (17). Discontinuation,
or significant disruptions in medication dosing leading to
subtherapeutic exposure, results in the restoration of normal host
immune responses and rejection of the allograft.

Rejection of a kidney transplant is broadly divided into two
categories, acute and chronic, which are further subdivided into T-
cell-mediated rejection (TCMR) and antibody-mediated rejection
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(ABMR). Although a review of rejection is beyond the scope of this
discussion, it is sufficient to highlight that rejection is a leading cause
of allograft impairment and allograft failure with a return to dialysis
(18). Rejection episodes may have profound impacts on kidney
transplant recipients, resulting in severe allograft impairment,
premature allograft loss, and/or significant allosensitization (19). A
recent publication from Australia and New Zealand demonstrated
that there are significant long-term complications associated with
even a single rejection episode, including increased long-term risks of
chronic allograft injury, cardiovascular disease, infection, and
cancer (20).

ABMR, in particular, carries a poor prognosis, with graft
survival substantially lower than that of TCMR (21). ABMR is a
B-cell phenomenon that results in the development of anti- human
leukocyte antigen (HLA) antibodies against the allograft (22). These
antibodies are specifically targeted against the allograft and result in
the activation of the complement system, immune cell activation
and maturation, cellular infiltration into the allograft, and
endothelial cell changes resulting in tissue injury. One of the
difficulties in managing ABMR is that the therapies do not
effectively eliminate B-cell clones, the cells primarily responsible
for antibody production, resulting in persistent anti-HLA
antibodies and injuries despite treatment (23). Donor-specific
anti-HLA antibodies (DSAs) are a barrier to re-transplantation as
exposure to these “repeat mismatches” results in a robust response
and reduced allograft survival (24). This process can be further
compounded by the development of additional anti-HLA
antibodies specific to antigens that are not displayed by the
allograft, resulting in a broad sensitization that can further limit
future transplant options for these individuals. Kidney transplant
candidates who are highly sensitized have historically had decreased
rates of deceased donor transplantation (25, 26).

Impact of immunosuppression
withdrawal in patients with a
failing allograft

As highlighted in the previous section, reductions in
immunosuppression can result in increased allosensitization in
patients with a functioning kidney allograft. It should stand
to reason that patients with a failed allograft undergoing
immunosuppression reduction should also carry these risks.
Several single-center retrospective studies have demonstrated a
marked increase in anti-HLA antibody formation in prior
transplant recipients who undergo immunosuppression reduction
and withdrawal (27-32).

In a single-center study, Del Bello and colleagues analyzed the
formation of DSAs in individuals with failed allografts who
underwent immunosuppression withdrawal, with and without
nephrectomy (29). Of the 21 patients who did not undergo
allograft nephrectomy, six had HLA-DSAs at the time of graft
failure. Following immunosuppression withdrawal, this number
increased to 11 patients (51%). The analysis demonstrated a
much larger impact on class IT DSA formation than on class I
(43% vs. 24%).
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DSA formation increases with the progressive weaning of
immunosuppression. Nimmo et al. analyzed 17 patients who
underwent immunosuppression withdrawal and underwent DSA
testing pre, during, and post immunosuppression withdrawal to
determine the temporal pattern of DSA formation (27). DSA
formation increased from 13% pre-immunosuppression weaning
to 40% during weaning and 62% following immunosuppression
withdrawal. It was estimated that this increase in sensitization
would result in a reduction in 5-year transplantation rates from
54% to 46%.

Anti-HLA antibody formation during immunosuppression
weaning is not just limited to DSAs. Immunosuppression
withdrawal in patients with allograft failure also leads to the
production of anti-HLA antibodies directed against a broad range
of HLA antigens, hence reducing the potential donor pool available
for the patient. Augustine et al. examined the outcomes of 300
consecutive patients with allograft failure (28). Twenty-one percent
of patients were highly sensitized, defined as a class I or II, or having
a panel-reactive antibody (PRA) of > 80% at the time of allograft
failure, which increased to 68% at a time point of 24 months
following graft failure. This effect was particularly profound in the
119 patients with a low PRA before transplant, with 56% becoming
highly sensitized during the study. Notably, the increase in
sensitization was seen only in the group of patients who
underwent weaning of immunosuppression, as those who were
maintained on CNI therapy did not develop DSAs.

Scornik et al. (30) also showed the benefit of continued
immunosuppression in reducing allosensitization. In this study of
104 patients with allograft failure, those who were maintained on
immunosuppression did not develop anti-HLA antibodies.
Individuals in this study who discontinued immunosuppression
went on to become sensitized, even in the absence of transfusion
or allograft nephrectomy, both of which are considered sensitizing
events. The overall frequency of sensitization in this group was 70%,
despite over 81% of transplant recipients not having anti-HLA
antibodies at the time of allograft loss, suggesting that continued
immunosuppression is essential for preventing anti-HLA antibody
formation following allograft failure and during potential sensitizing
events. These results indicate a clear benefit in reducing

10.3389/fneph.2023.1163581

allosensitization with the continuation of immunosuppression in
re-transplant candidates with a failed allograft. A summary of these
studies is shown in Table 1.

An additional complication of immunosuppression withdrawal
in patients with a failed allograft is graft intolerance syndrome. This
condition is characterized by inflammation of the allograft with
fever, gross hematuria, and/or graft tenderness, and is the leading
indication of transplant allograft nephrectomy following graft
failure (33). Transplant nephrectomy is associated with an
increase in allosensitization, with some studies estimating the de
novo DSA formation in up to 80% of individuals with a failed
transplant requiring allograft nephrectomy (27-29, 32). The exact
reasons for increased allosensitization remain unclear but may be
related to immunological events precipitating allograft intolerance,
reductions in immunosuppression, the allograft acting as a sink for
circulating anti-HLA antibodies, and an increase in the rate of blood
transfusions in this setting (34).

Immunosuppression reduction: who
to consider?

Following allograft failure and return to dialysis, the decision to
discontinue immunosuppression in a prior transplant recipient should
be taken with careful consideration of the individual’s clinical status
and potential for re-transplantation. Individuals for whom
transplantation is unlikely to occur or with life-threatening
complications of immunosuppression should undergo reductions in
immunosuppression regardless of the risks of rejection and
sensitization. Withdrawing immunosuppression on dialysis may
reduce the mortality of patients awaiting transplantation, suggesting
that continued immunosuppression to avoid sensitization must be
balanced against the risks to the patient. In a single-center study, Ryu
et al. demonstrated that the continuation of immunosuppression was
associated with a three-fold increase in mortality compared with
weaning immunosuppression in individuals experiencing allograft
failure (30). This reduction in mortality was driven by a reduction in
infectious and cardiovascular complications, two of the most common
causes of death on dialysis.

TABLE 1 Summary of major studies in immunosuppression withdrawal in failed kidney transplant recipients.

Study IS protocol
Del Bello Single-center patients with a failed kidney transplant who underwent
et al. (29) complete immunosuppression withdrawal

69 total patients (48 nephrectomy, 21 in situ)

Nimmo et al.

(27) IS withdrawal

41 total patients (24 nephrectomy, 17 in situ)
Augustine Single-center examination of 300 consecutive patients with failed kidney
et al. (28) allograft

119 patients with low PRA prior to transplant analyzed

Scornik et al.
(30)

Single-center evaluation of 104 patients
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Single-center study looking at DSA formation rates in patients undergoing

03

Measurements of allosensitization

Allograft nephrectomy group DSA: 12.5% at baseline, > 81% post
nephrectomy

Non-allograft nephrectomy group DSA: 14.2% at baseline, > 52.4%
Overall rate of class I HLA ab 23% non-nephrectomy, 77% nephrectomy
Overall rate of class I HLA Ab 42.8% non-nephrectomy, 62.5%
nephrectomy

Increase in DSAs from 13% pre weaning, to 40% post weaning, to 62%
post withdrawal

Percentage of patients who were highly sensitized (PRA > 80%) increased
from 20% at failure to 68% post weaning

19% developed DSA prior to graft loss with increase to 55% post
immunosuppression weaning
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In individuals without complications from immunosuppression
and who are expected to undergo re-transplantation soon after
experiencing graft failure, continuing immunosuppression,
especially CNIs, to avoid allosensitization is advised (35).
The increase in sensitization following immunosuppression
withdrawal may result in significant changes in a candidate’s
waitlist position and continued immunosuppression may result in
reduced allosensitization (36). Thus, the decision to continue,
reduce, or withdraw immunosuppression in a patient with a
failed kidney allograft must be individualized. It is currently
recommended that patients with an anticipated wait for re-
transplantation of over 1 year be considered for a reduction in
immunosuppression, as the risks of ongoing immunosuppression
are felt to outweigh the benefits of avoiding sensitization for a
transplant that is not to occur for some time.

How to reduce immunosuppression in
a patient with a failed allograft

Currently, there is sparse evidence on the degree and rate of
immunosuppression reduction for patients who are awaiting re-
transplantation. Surveys of transplant centers indicate that most
centers begin with the removal of the anti-metabolite, followed by
either CNI or prednisone reduction over an unspecified period of
time (37, 38). Over 20% of those surveyed reported no defined
protocol for withdrawal (37, 38). The single most important factor
in deciding on the continuation of immunosuppression was
whether or not a patient was re-listed for a kidney transplant
(37, 38).

Rapid immunosuppression withdrawal results in an increased
risk of allosensitization and loss of residual renal function rather
than a prolonged withdrawal. In a single-center study, Casey et al.
analyzed the effects of the rate of immunosuppression withdrawal in
49 patients experiencing graft failure (39). Approximately 60% of
patients who underwent a long taper remained unsensitized,
compared with 30% for the faster taper, resulting in an odds ratio
of 5.8 favoring prolonged immunosuppression withdrawal for
avoiding sensitization.

A variety of complex protocols exist depending on the timing of
graft failure post transplant, the presence of concurrent infection or
malignancy in the patient, re-transplant likelihood, and residual
renal function. Given the unique individual needs of each patient, a
one-size-fits-all protocol is unlikely to be developed. However, we
can take the lessons learned from transplant recipients with a
functioning graft and apply them to this population.

The most common maintenance immunosuppression regimen
post-kidney transplantation utilizes a combination of corticosteroids,
CNIs, and anti-metabolites. In clinical practice, the anti-metabolite is
the most commonly removed medication in settings of infection or
malignancy, with low associated rates of near-term allograft loss. In a
single-center study looking at the removal of mycophenolate mofetil
for clinical indications, Park et al. demonstrated that death-censored
1-year graft survival was only slightly lower than for those who
remained on the medication (40). There was an increased risk of
rejection in the MMF withdrawal group (27.4% vs. 8.9%), and a
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significant reduction in graft survival after 1 year for the
mycophenolate removal group, but this may have been confounded
for medication withdrawal as patient survival was significantly lower
in the MMF withdrawal group.

Late steroid withdrawal in stable kidney transplant recipients is
associated with a > 30% increased risk of acute rejection, compared
with steroid maintenance (41). In a meta-analysis by Ali et al., 1,907
patients were analyzed for the effect of late steroid withdrawal (41).
Late withdrawal was associated with a 34% increased risk of
rejection, but also a 35% and 5% reduction in overall graft failure
and all-cause mortality, respectively. Pediatric growth outcomes
and total cholesterol levels were also markedly improved with
steroid reduction. Therefore, although there may be an increased
risk of rejection with late steroid withdrawal, in a patient who
already has a failed allograft, there may be additional health
cardiovascular benefits to removing prednisone.

Calcineurin inhibitors have become the backbone of the
immunosuppression regimen in solid organ transplantation since
their introduction in the early 1980s. Despite the myriad of
downsides to their use, they provide the best options for
preventing rejection. The Clinical Trials in Organ Transplantation
(CTOT)-9, which studied the effects of tacrolimus withdrawal
in non-sensitized living donor kidney transplant recipients
randomized 21 patients to either continued maintenance
immunosuppression or tacrolimus withdrawal (42). Recipients
received rabbit anti-thymocyte globulin and were maintained on
tacrolimus, MMF, and prednisone, and at 6 months participants
without DSA, rejection, or inflammation on a protocol biopsy were
randomized to wean off or remain on tacrolimus. The study was
terminated prematurely because of unacceptable rates of acute
rejection and/or development of de novo DSA. The impact of
CNI discontinuation on allosensitization in a failed allograft was
demonstrated in the aforementioned Augustine study in which the
rate of becoming highly sensitized increased from 21% to 68%
during immunosuppression withdrawal for those not maintained
on CNI (28). Combined, these studies suggest that continued low-
dose CNI use may be superior for avoiding allosensitization in
kidney transplant recipients with allograft failure.

One emerging option is to switch from a CNI to belatacept.
Belatacept is a costimulatory inhibitor that, on average, increases
the estimated glomerular filtration rate (eGFR) by 10-12 mL/
minute/1.73 m”> compared with CNI therapy and has the added
benefit of a reduction in de novo DSA formation (43). In a
randomized study by Budde et al., conversion from a CNI to
belatacept-based maintenance immunosuppression resulted in an
increase in eGFR, from 48.5 mL/minute/1.73 m? to 55.5 mL/
minute/1.73 m? after 24 months, with similar rates of adverse
events and a marked reduction in DSA formation: 1% for the
belatacept group compared with 7% for the CNI group.
Interestingly, this study showed a greater improvement in eGFR
with a lower initial eGFR when converting from CNI to belatacept,
suggesting a role in the failing allograft. Conversion may permit
prolonged graft survival and increase the chances of a pre-emptive
transplant. However, belatacept use is associated with a higher risk
of cellular rejection and carries an increased risk of central nervous
system post-transplant lymphoproliferative disease, especially in
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individuals who are Epstein-Barr virus (EBV) seronegative, and
viremias (44). This option should be considered in suitable
individuals with a failing allograft not yet on dialysis to prolong
allograft survival and are EBV seropositive; however, once renal
replacement therapy has been initiated the benefit is unclear.
Given the available limited data, discontinuation of the anti-
metabolite is a reasonable first step in a kidney transplant recipient
with a failed allograft. Whether or not this should occur at the time of
renal replacement therapy is unclear. A slow weaning of steroids and/
or CNIs over > 3 months is recommended over a more rapid taper;
whether this should be done in sequence or in tandem is unknown.
Current guidelines recommend that CNIs are reduced by 50% every 3
months, with consideration to stop prednisone at any time or remain
on it indefinitely. This recommendation seems reasonable given the
importance of CNIs in preventing DSA formation and the effects of
prednisone on CV risk. More studies are needed to determine the
order and timing of immunosuppression withdrawal, optimal if any
immunosuppression, and the temporal effects on allosensitization.

Monitoring in patients with graft
failure while undergoing
immunosuppression reduction

Surveillance anti-HLA antibody monitoring during
immunosuppression weaning may enable the early detection of
allosensitization and provide a signal to maintain
immunosuppression in a clinically stable patient with allograft
failure. However, the logistics of testing remain challenging. Often
the patient with a failed allograft is no longer under the care of the
transplant center and the transplant team may be unaware of changes
in immunosuppression. Often these changes are performed under the
care of the local treating nephrologist. An additional challenge is that
once patients become broadly sensitized, treatments to desensitize
patients to improve transplant likelihood are ineffective (45).

It is required that anti-HLA antibody testing by solid-phase
methods, such as single-antigen bead testing, be obtained prior to
active re-listing for repeat kidney transplant, and screening is
recommended while awaiting transplantation. However, the ideal
frequency of testing is unknown. From the results of this testing,
unacceptable antigens can be entered into UNET, and data are
available for virtual and physical crossmatch interpretations.
Longitudinal assessment is critical for determining if a
patient’s antibody strengths and specificities are ‘stable’ after
immunosuppression is removed. In 2014, the kidney allocation
system (KAS) was changed to increase the priority for sensitized
patients. The implementation of the KAS resulted in a system that
prioritizes higher levels of sensitization. The effects of this resulted in
a period of a marked increase in the transplantation rate in waitlist
candidates with a PRA > 80%, significantly shortening their waiting
times (45-47). Patients with high calculated panel-reactive antibodies
(cPRAs) may receive donor offers quickly if they have a large number
of allocation points and the benefit of common haplotypes. If a recent
expansion of anti-HLA antibodies is identified during the virtual
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crossmatch and risk assessment, then there may be a need to draw a
new sample urgently for solid-phase testing or a crossmatch to make
decisions on organ acceptance. Additional solid-phase testing with
serum dilution or with the C1q modification of the test (48, 49) may
be necessary to identify antibodies that are “pro-zoned” or in excess,
and, therefore, appear inaccurately weak (50, 51).

It is clear that improved monitoring before anti-HLA antibody
formation occurs is necessary to determine the effects of
immunosuppression weaning in patients with a failed allograft.
Future studies are necessary to determine the optimal frequency of
anti-HLA antibody testing, the kinetics of anti-HLA antibody
formation in patients with a failed allograft undergoing
immunosuppression withdrawal, and if testing will improve
transplant outcomes.

Donor-derived cell-free DNA assays have been shown to reliably
detect the presence of antibody-mediated rejection in kidney
transplant recipients with an elevated creatinine level, especially if
concurrent DSA is present. More recently, the ADMIRAL study
demonstrated the potential efficacy of surveillance Donor-derived
cell-free DNA (dd-cfDNA) testing (52). In this study, the presence of
persistent elevations in cf-ddDNA was associated with an increased
risk of allograft loss and preceded the development of DSA by 30
days. Further studies are needed to validate the use of dd-cfDNA as a
surveillance tool for immune quiescence and its role in patients
awaiting kidney transplantation with a failed allograft. However, its
potential use in the surveillance of a failed allograft undergoing
immunosuppression withdrawal may provide vital information on
immune reactivity and allow for the personalization of
immunosuppression withdrawal in clinically stable patients to
minimize the risks of allosensitization.

Conclusion

The withdrawal of immunosuppression in patients with a failed
kidney transplant results in an increased risk of allosensitization.
Current guidelines recommend tapering immunosuppression if
patients are not re-transplant candidates, and for re-transplant
candidates who have an expected waiting time of > 1 year to re-
transplant due to an increased risk of complications associated with
ongoing chronic immunosuppression. Longitudinal anti-HLA
antibody testing with solid-phase methods is required for re-listing
for repeat organ transplantation and periodic testing is recommended
while awaiting transplantation. Current practices vary significantly,
and clinical trials are needed to determine how best to reduce
immunosuppression and provide immunosurveillance in patients
who are awaiting re-transplantation.
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