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Abstract

Background—When kidney transplants fail, transplant medications are discontinued to reduce

immunosuppression-related risks. However, retransplant candidates are at risk for allosensitization

which prolonging immunosuppression may minimize. We hypothesized that for these patients, a

prolonged immunosuppression withdrawal after graft failure preserves nonsensitization status

(PRA 0%) better than early immunosuppression withdrawal.

Methods—We retrospectively examined subjects transplanted at a single center between

7/1/1999-12/1/2009 with a non-death related graft loss. Subjects were stratified by timing of

immunosuppression withdrawal after graft loss: early (≤3 months) or prolonged (>3 months).
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Retransplant candidates were eligible for the main study where the primary outcome was

nonsensitization at retransplant evaluation. Non-retransplant candidates were included in the

safety analysis only.

Results—We found 102 subjects with non-death related graft loss of which 49 were eligible for

the main study. Nonsensitization rates at retransplant evaluation were 30% and 66% for the early

and prolonged immunosuppression withdrawal groups respectively (p=0.01). After adjusting for

cofactors such as blood transfusion and allograft nephrectomy, prolonged immunosuppression

withdrawal remained significantly associated with nonsensitization (adjusted odds ratio=5.78,

95% C.I. [1.37-24.44]). No adverse safety signals were seen in the prolonged immunosuppression

withdrawal group compared to the early immunosuppression withdrawal group.

Conclusions—These results suggest that prolonged immunosuppression may be a safe strategy

to minimize sensitization in retransplant candidates and provide the basis for larger or prospective

studies for further verification.
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INTRODUCTION

Kidney transplantation is life-sparing for patients with end stage renal disease (ESRD) who

are on the waitlist (1-3). Projected patient lifetime almost doubles after deceased donor

kidney transplantation compared with remaining on the waitlist (4). However when a kidney

transplant fails, the survival benefit is lost (5,6). Additionally, more sepsis and infection-

related deaths have been reported after transplant failure compared to patients who retain

transplant function (5,7). Yet, patients who are retransplanted benefit from a reduction in

mortality when compared with their wait-listed counterparts with prior transplant failure (8).

A growing number of patients with a failed kidney transplant are relisted for a subsequent

transplant. United States registry data show that approximately 20% of all ESRD patients on

the kidney transplant waiting list have a prior failed transplant (9). However, retransplanting

these patients is challenging because prior transplantation is a risk factor for human

leukocyte antigen (HLA) sensitization which may limit compatible organs and prolong

waitlist times (10,11). Furthermore, kidney transplant failure itself carries a high risk of

sensitization which is probably related to several factors like transplant nephrectomy, blood

transfusion, and sudden immunosuppression cessation (12-15).

When kidney transplants fail, transplant medications are commonly stopped to reduce the

risks associated with immunosuppression, namely infection and premature death (16,17).

However, when to withdraw immunosuppression remains an unanswered question. Potential

benefits of prolonged immunosuppression withdrawal include a reduction in graft rejection

and preservation of residual renal function (18,19), but another more intriguing benefit may

be minimizing the risk of sensitization after transplant failure (15). By minimizing

sensitization risk, patients may have a greater opportunity to receive a subsequent life-

sparing kidney transplant. We hypothesized that in patients referred for retransplantation,
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prolonged immunosuppression withdrawal after kidney transplant failure reduces the risk of

sensitization and better preserves their nonsensitization status compared to early

immunosuppression withdrawal. In addition, we evaluated whether prolonged

immunosuppression withdrawal was associated with additional safety risks compared to

early withdrawal.

RESULTS

Out of 1448 subjects who received a kidney transplant between 7/1/1999-12/1/2009, 102

subjects were identified with a non-death related graft failure. Forty-nine subjects were

evaluated for kidney retransplantation (main study group). Of the main study participants,

20 and 29 subjects had their immunosuppression withdrawn at ≤3 months (early) and >3

months (prolonged) respectively (Figure 1). The main study group baseline characteristics

were similar in both withdrawal groups (Table 1). The median durations for

immunosuppression after graft failure were 24 days [25%,75% Quartiles: 16, 41 days] and

357 days [25%,75% Quartiles: 210, 595 days] for the early and prolonged withdrawal

groups respectively. Prolonged immunosuppression after graft failure was seen in 5 subjects

with a functioning non-renal solid organ transplant. Rates of antibody mediated rejection

were similar and no subject received a prolonged treatment lasting ≥7 days. To salvage graft

function, no differences were seen in the use of depleting antibody (4 v. 5 subjects), IVIG (2

v. 0 subjects), or plasmapheresis (1 v. 0 subjects) between the early and prolonged

withdrawal groups respectively. A third of grafts failed within a year of transplantation—

largely due to primary nonfunction, thrombosis, or acute rejection—which resulted in a low

median graft survival.

Prior to initial kidney transplantation, similar rates of nonsensitized subjects were observed

in the two immunosuppression withdrawal groups. However after transplant failure, a

notable reduction in nonsensitized subjects was seen in the early withdrawal group, while

only a mild reduction was seen in the prolonged withdrawal group. Consequently, a

significant separation in nonsensitization rates (30% v. 66%, p=0.01) developed after

transplant failure favoring the prolonged withdrawal group (Figure 2). In subjects who

converted from nonsensitized prior to primary graft placement to sensitized, 20% had testing

for HLA antibodies at the time of graft failure and none had detectable antibodies at that

time. After adjusting for covariates including nonsensitization prior to kidney

transplantation, the multivariate logistic regression model showed that the prolonged

withdrawal group demonstrated better preservation of nonsensitization status (aOR =5.78,

95% C.I. [1.37-24.44]) compared to the early withdrawal group (Figure 3). None of the

other model covariates were significantly associated with nonsensitization after transplant

failure.

A secondary analysis of PRA levels (0-100) was performed in 38 subjects of whom 16 and

22 came from the early and prolonged withdrawal groups respectively. Eleven subjects were

excluded due to discordant PRA assays over time. Prior to primary kidney transplant, mean

PRA levels were similar in both immunosuppression withdrawal groups. However at

retransplant evaluation, the mean PRA level was significantly higher, 40.6±9.6 versus

12.5±5.1 (p=0.016), in the early versus prolonged withdrawal group respectively (Figure 4).

Casey et al. Page 3

Transplantation. Author manuscript; available in PMC 2015 August 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Subjects relisted within 3 years of graft failure in the early and prolonged withdrawal groups

were 11 (55%) and 22 (76%) respectively (p=0.13). Among relisted subjects, 3 (27%) and

14 (64%) subjects were retransplanted within 3 years of graft failure in the early and

prolonged withdrawal groups respectively (p=0.049). All three subjects in the early

withdrawal group were not on immunosuppression at retransplantation. By contrast in the

prolonged withdrawal group, only one of 14 subjects was no longer on immunosuppression

at retransplantation. Retransplantation with a living donor kidney in the early and prolonged

withdrawal groups occurred in 1 (33%) and 4 (29%) subjects respectively.

In the 49 subject main study group, the 3-year mortality rate was 14% (7 subjects). Deaths in

the early and prolonged withdrawal groups were 5 and 2 respectively. In the early

withdrawal group, 3 subjects died from cardiovascular events, one from sepsis, and one

from chronic myelogenous leukemia. In the prolonged withdrawal group, one subject died

from an abdominal bleed and the other from untreated renal failure, but no deaths were

attributable to infection or malignancy. Due to the low number of death events, no statistical

conclusion was derived from the main study group.

A combined safety analysis was performed for all 102 subjects (main study group + safety

analysis only group). Baseline characteristics were generally well matched between the early

(52 subjects) and prolonged (50 subjects) withdrawal groups (Table 1). The 3-year mortality

showed that 44% and 22% of subjects died the early and prolonged withdrawal groups

respectively. Also, 3-year infection related mortality showed that 23% and 4% of subjects

died of an infection in the early and prolonged withdrawal groups respectively. In the early

withdrawal group, 48% (11/23) of deaths and 67% (8/12) of infection related deaths

occurred within 3 months of graft failure. Per study design, no deaths could occur within 3

months of graft failure in the prolonged withdrawal group. To control for this bias, time-

dependent multivariate Cox models were employed which showed that mortality and

infection related mortality were no worse in the prolonged withdrawal group compared to

the early withdrawal group (SDC, Table 1). Excluding non-melanoma skin cancers, four

subjects in the early withdrawal group developed cancers—chronic myelogenous leukemia,

renal cell carcinoma, melanoma, and pancreatic cancer—and one subject died from cancer.

No subjects developed cancer in the prolonged withdrawal group.

The study was not powered to show differences in maintenance immunosuppression

regimens but some general comparisons were feasible. At the time of graft failure, the most

common regimen was a calcineurin inhibitor (CNI) + mycophenolic acid (MPA) +

corticosteroid (73%), followed by a CNI + corticosteroid regimen (10%). Both regimens

were employed similarly across both withdrawal groups (SDC Table 2). Among CNI based

regimens, the most common CNI was tacrolimus (71%) which was similarly utilized in both

withdrawal groups. In subjects weaned off combination CNI + antimetabolite therapy, half

of the subjects had the CNI weaned first while the other half had the antimetabolite weaned

first. In the prolonged withdrawal group three months after graft failure, 62% of subjects

remained on CNI + MPA + corticosteroid and 21% were on CNI + corticosteroid (SDC

Table 2).
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DISCUSSION

Since nonsensitized patients are more likely to be transplanted (10,20), preserving

nonsensitization status is crucial for patients who hope to be retransplanted. We found that

prolonged immunosuppression withdrawal after transplant failure was associated with better

preservation of a subject's nonsensitized status and a lower mean PRA level. Our results are

consistent with recent single center studies that suggest that immunosuppression withdrawal

after transplant failure may be a risk factor for HLA sensitization (15,21). In a prior study of

transplant failure patients from our center, 11 patients continued immunosuppression and

remained nonsensitized despite 7 who underwent transplant nephrectomy or transfusion

(15). In single center study by Augustine and colleagues (21), 24 subjects who continued

immunosuppression after graft failure were compared with subjects who had

immunosuppression weaned. They observed that weaning immunosuppression was

associated with sensitization independent of transplant nephrectomy, but their study was

limited by the absence of blood transfusion data—a significant risk factor for sensitization

(21).

After transplant failure, infection is a common cause of death (22) and the risks of sepsis and

infection related death are higher compared to subjects with a functioning transplant (5,7).

Prior authors have suggested that immunosuppression should be tapered off as quickly as

feasible (16,23). Others have advocated a gradual withdrawal of immunosuppression after

noting few infection related complications (18). In other words, there is no consensus on the

optimal duration of immunosuppression withdrawal after graft failure (17,24).

An important component of this study was to monitor for safety outcomes associated with

prolonged immunosuppression withdrawal after transplant failure. In the main study group,

no definitive conclusions could be drawn due to few event numbers. However in all study

patients (main study group + safety analysis only group), a higher mortality rate was seen

with early withdrawal and almost half of these deaths occurred within 3 months of graft

failure. This suggests that immunosuppression may have been tapered more rapidly in

higher risk subjects. In contrast, no deaths occurred within 3 months of graft failure in the

prolonged withdrawal group since subjects had to survive at least 3 months to be categorized

as such. Therefore, a time bias favored the prolonged withdrawal group because survival

was guaranteed throughout the first 3 months after graft failure. To account for this time

bias, we used time-dependent Cox models for our survival analyses. The Cox models found

no associations between prolonged immunosuppression withdrawal and excessive mortality

or infection related death, but our study was not originally powered to show differences in

mortality.

Mortality rates in our study appear to be in-line with other publications. Mortality in the

main study group (14%) and all study patients (33%) were comparable to those seen in a

United States registry study of patients with failed kidney transplants (8). Also in subjects

not referred for retransplantation their three-year mortality rate (51%) was almost identical

to that seen in incident United States dialysis patients (25). Differences in mortality between

the main study and safety analysis only groups are important because potential retransplant
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candidates are probably healthier and may be better suited to handle the risks of prolonged

immunosuppression.

In the design of our study, there was no uniform immunosuppression withdrawal protocol.

But if there were no life-threatening complications, then our program considered prolonged

immunosuppression after graft failure in subjects with either an anticipated short waitlist

time or significant residual renal function. In retransplant candidates, therapeutic FK506

levels were maintained until a subsequent transplant was obtained barring no

immunosuppressive complications. If immunotherapy was not weaned immediately, then the

general strategy for the two most common drugs—tacrolimus and mycophenolate mofetil—

was to maintain FK506 trough levels between 3-6 ng/mL and reduce the dose of

mycophenolate mofetil to 250-500 mg twice a day. MPA levels were not routinely measured

after transplant failure.

Study Strengths

Our study has several strengths which also address some shortcomings from prior studies.

First, we believe our study has the largest cohort of patients to date on prolonged (>3

months) immunosuppression after transplant failure available for HLA antibody and safety

analysis. Second, unlike prior studies, we address the optimal timing for immunosuppression

withdrawal by comparing efficacy and safety outcomes across different durations of

immunosuppression withdrawal. Third, important potential confounders for HLA

sensitization such as acute rejection (26), induction medication (27), HLA matching (10,28),

graft nephrectomy (12,29), and importantly blood transfusions (30-34) are controlled for in

our multivariate models. Finally, we provide a more detailed safety analysis of prolonged

immunosuppression in comparison to prior studies.

Study Limitations

As in prior studies, our study's main limitation is sample size which may cause insufficient

power and an inconclusive death analysis. However, significant differences in

nonsensitization among both immunosuppression withdrawal groups were identified out of

the small cohort, which drives the results more conservative. Residual confounders may

exist from unrecorded events such as blood transfusions and infections that may have

occurred in the local community and may not have been captured by the study database.

Finally, our retrospective study design does not predict cause and effect, but rather reports

associations seen in the duration of immunosuppression withdrawal and the detection of

HLA antibodies. Validation will require prospective randomized control trials. However at

the time of our study's inception, we felt a prospective study of this nature would not have

been ethical because we knew that prolonged immunosuppression can be harmful and there

was scant evidence for benefit. Now, with these and other data, a prospective trial may be

more realistic in the future.

CONCLUSION

In this study, the strategy of prolonged immunosuppression withdrawal after kidney

transplant failure seemed well tolerated and appeared to preserve nonsensitization status in
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subjects referred for retransplantation. In addition, we observed no adverse safety signals in

the prolonged withdrawal group compared to the early withdrawal group, but this study was

not originally powered for safety outcomes so further investigation with a larger sample size

is required. Hopefully, these results will serve as a basis for future prospective studies. In

summary, prolonged immunosuppression withdrawal after kidney transplant failure may be

a safe strategy to minimize sensitization in retransplantation candidates especially those who

anticipate a short stay on the transplant waitlist.

MATERIALS AND METHODS

This retrospective cohort study utilized data from the transplant database and electronic

medical record system at the Shands Transplant Center at the University of Florida. The

study protocol was approved by the University of Florida Institutional Review Board. Study

participants consisted of adult kidney transplant recipients transplanted between

7/1/1999-12/1/2009 who experienced non-death related graft failure with follow-up through

8/31/2011. Subjects subsequently evaluated for kidney retransplantation were eligible for the

main study group and subjects not evaluated for subsequent retransplantation were included

in the safety analysis. Subjects were analyzed by duration of immunosuppression

withdrawal after transplant failure: ≤3 months (early) and >3 months (prolonged). The 3

months withdrawal cutoff was based on a prior examination of practices at our center and

was defined prior to this analysis. The duration of immunosuppression therapy after graft

failure was determined when one of the following occurred: withdrawal of all

noncorticosteroid immunosuppressant drugs, death, or retransplantation, whichever came

first. Death and retransplantation are natural immunosuppression withdrawal endpoints since

debate over immunosuppression ceases after these events. Since our program typically

continued 5 mg of prednisone in all subjects who retained a failed transplant, low-dose

corticosteroids were not analyzed as maintenance immunosuppression for the purposes of

this study.

Study Outcomes

The primary outcome of the main study group was the rate of nonsensitization among

subjects evaluated for retransplantation. Nonsensitization was defined as a panel reactive

antibody (PRA) level of 0%. We chose nonsensitization because it was a simple endpoint

that conferred the best retransplantation potential. Prior to the primary transplant, the peak

PRA was used to determine nonsensitization status. After graft failure, the PRA at the time

of retransplant evaluation was used. Secondary outcomes from the main study group were

PRA level at retransplant evaluation and 3-year relisting and retransplantation rate. All

subjects—whether evaluated or not for retransplantation—were studied for 3-year mortality,

infection related mortality, and malignancy (excluding non-melanoma skin cancer). The date

of graft failure served as the starting point for all 3-year outcomes. Main study subjects were

seen in clinic at least annually and queried about prior infections, blood transfusions, and

malignancies. All deaths were confirmed by death certificate and/or Centers for Medicare &

Medicaid Services (CMS) Death Notification (form CMS-2746).

Casey et al. Page 7

Transplantation. Author manuscript; available in PMC 2015 August 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Antibody Detection

Throughout the entire study, HLA antibodies were screened (antibody positive or negative)

by solid phase assay (ELISA or flow bead techniques) for the primary outcome in all 49

main study subjects. ELISA is slightly less sensitive but comparable to flow bead techniques

when detecting HLA antibodies (35,36) and both solid phase assays are considered adequate

to confirm nonsensitization status (37). In the secondary analysis, a quantitative PRA level

(0-100) was determined by cytotoxicity (years 1999-2006) or by calculated PRA using

single antigen beads (years 2006-present). However, consistent PRA levels across these two

different techniques have not been proven so any subject with PRA levels from discordant

techniques was excluded from this secondary analysis. All solid-phase assays used

commercial reagents for enzyme immunoassay and flow cytometry. The tests used to

measure HLA antibodies were enzyme immunoassay (GTI, Waukesha, WI), Luminex

screen, Flow PRA and single antigen beads (One Lambda, Canoga Park, CA). For the latter

test, raw median fluorescence intensity values > 1,000 were considered positive and values

of 1,000 to 3,000 were considered positive but acceptable for potential donors carrying the

target antigen.

Statistical Analysis

Continuous variables were compared using the Student's t-test and categorical variables

were analyzed using the chi-squared or Fisher's exact test. Multivariate logistic regression

was employed to identify risk factors for nonsensitization at retransplant evaluation. Since

immunosuppression exposure after transplant failure was categorized by time, subjects in

the prolonged withdrawal group were “immortal” for the first 3 months after transplant

failure since they had to survive at least 3 months to be categorized into the prolonged

withdrawal group (38). Therefore, a time-dependent, multivariate Cox model was utilized to

adjust for this time bias since it has been reported as an effective tool for similar survival

analyses (39,40). All statistical analyses were conducted with SAS 9.2 (Cary, NC).

Statistical significance level was defined as P<0.05.

Supplemental Digital Content

Refer to Web version on PubMed Central for supplementary material.
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ELISA Enzyme-linked Immunosorbent Assay

ESRD End Stage Renal Disease

HLA Human Leukocyte Antigen

IS Immunosuppression

LDA Lymphocyte Depleting Agent

MPA Mycophenolic Acid

PRA Panel Reactive Antibody

SD Standard Deviation
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Figure 1. Subject Selection
IS = immunosuppression.
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Figure 2. Nonsensitization Stratified by Immunosuppression Withdrawal Duration after Graft
Failure
IS = immunosuppression.
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Figure 3. Multivariate Analysis of Nonsensitization after Graft Failure, N=49
IS = immunosuppression. LDA = lymphocyte depleting antibody.
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Figure 4. Mean Panel Reactive Antibody Stratified by Immunosuppression Withdrawal
Duration after Graft Failure
Eleven subjects were excluded from this analysis due to discordant PRA detection

techniques prior to graft placement and after graft failure. IS = immunosuppression. PRA =

panel reactive antibody.
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