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Abstract

Background: Active antibody-mediated rejection (AMR) that occurs during the amnestic
response within the first month post-transplant is a rare but devastating cause of early allograft loss
after kidney transplant. Prior reports of eculizumab treatment for AMR have been in
heterogeneous patient groups needing salvage therapy or presenting at varied time points. We
investigated the role of Eculizumab as primary therapy for active AMR early post-transplant.
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Methods: We performed a retrospective observational study of a consecutive cohort of solitary
kidney transplant recipients who were transplanted between January 1, 2014 and January 31, 2018
and had AMR within the first 30 days post-transplant and treated with eculizumab +
plasmapheresis.

Results: Fifteen patients had early active AMR at a median [IQR] of 10 [7-11] days post-
transplant and were treated with eculizumab * plasmapheresis. Thirteen cases were biopsy proven
and 2 cases were presumed based on donor specific antibody trends and allograft function. Within
1 week of treatment the median estimated glomerular filtration rate (eGFR) increased from 21
mL/min to 34 mL/min (P=.001); and persistent active AMR was only found in 16.7% (2/12) of
biopsied patients within 4-6 months. No graft losses occurred and at last follow-up (median [IQR]
of 13 [12-19] months) the median IQR eGFR increased to 52 (46-60) mL/min.

Conclusions: Prompt eculizumab treatment as primary therapy is safe and effective for early
active AMR after kidney transplant or abrupt increases in donor-specific antibodies when biopsy
cannot be performed for diagnosis confirmation.

Introduction

Active antibody-mediated rejection (AMR) that occurs during the early memory response
within the first month post-transplant is uncommon but can be a devastating cause of early
allograft loss if not promptly recognized and treated. Incidence of this pure form of AMR
varies from less than 1% in Jow-risk, minimally sensitized patients with no evidence of
preexisting donor-specific antibody (DSA)L-2 to nearly 50% in high-risk patients with a high
level of preexisting DSA and a strongly positive crossmatch pretransplant.13-5 This
condition is thought to occur when memory B cells are activated immediately after
transplant, resulting in abrupt increase in preexisting DSAs targeting the allograft.®
Concomitant with the abrupt DSA increase, rapid allograft dysfunction typically occurs for
these patients.

The histologic diagnosis of AMR is based on the Banff 2017 classification system and
includes histologic evidence of active tissue injury, histologic evidence of antibody
interaction with vascular endothelium, and serologic evidence of DSAs.’” Treatment has
historically consisted of plasmapheresis or immune adsorption, or both, to reduce serum
immunoglobulin and intravenous immunoglobulin (IVIG) for its immunomodulatory effects.
8 Adjunctive therapies such as rituximab to target CD20-positive B cells, and bortezomib to
decrease plasma cells are used in some cases.910 As a last resort, splenectomy can also be
considered.11 Even when early AMR is treated successfully, it is associated with chronic
AMR and premature allograft loss.4812

Complement activation appears to be a major contributor to tissue damage in the setting of
DSA, and thus complement blockade may be an effective AMR treatment.13:14 Eculizumab
is a humanized monoclonal antibody that binds to the human C5 complement protein,
thereby acting as a terminal complement inhibitor. We have shown previously that
eculizumab used preemptively following positive B-cell flow cytometric crossmatch
transplant resulted in a reduced incidence of early AMR from 41.0% in historical controls to
7.7% in eculizumab-treated patients.1® Yet, the efficacy of eculizumab as the primary rescue
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therapy for early active AMR in kidney transplant continues to be unclear. The aim of this
study was to examine the outcomes (change in allograft function, allograft loss, and allograft
histologic factors) of a consecutive cohort of kidney transplant recipients with early active
AMR who were treated with eculizumab.

We performed a retrospective chart review of consecutive Kidney transplant recipients at
Mayo Clinic in Rochester, Minnesota, between January 1, 2014, and January 31, 2018, and
identified those who had an abrupt increase in DSA and confirmed histologic evidence of
AMR within the first 30 days post-transplant (N = 13). We identified 2 additional patients
with presumed AMR treated with eculizumab. These 2 (Patients 9, 13) were highly
sensitized and had an abrupt increase in DSA but did not undergo a biopsy because of need
for anticoagulation. The first patient (Patient 9) underwent a positive crossmatch transplant,
had early allograft dysfunction, and an abrupt increase in DSA with prozone detected.
Clopidogrel had been started for a recent cardiac stent. The second patient (patient 13) was
also highly sensitized with a cPRA of 100%. The crossmatch was negative, but historical
DSA was present. This patient was receiving dual anticoagulation for stroke and thrombosis
in the clinical setting of lupus anticoagulant. Eculizumab therapy was started at post-
operative day 19 when her DSA abruptly increased.

A chart review of electronic health records was performed to obtain basic demographic
information, allograft histologic results, allograft function, DSA information, and potential
complications from eculizumab treatment.® The primary outcomes of interest were graft
function, allograft survival, and allograft histologic evidence after treatment of early active
AMR with eculizumab with or without plasmapheresis and 1\VVIG. This study was approved
by the Mayo Clinic Institutional Review Board (18-000921).

Donor Specific Antibody and Flow Cytometric Crossmatch Testing

DSAs were assessed using a solid phase assay (LAB screen, One Lambda, Canoga Park,
CA, USA) and cPRA was calculated based on antigens with mean fluorescence index (MFI)
>2000 as per center practice. To detect prozone phenomenon, serum was diluted 1:4.
Alloantibodies demonstrating prozone were defined as those with a MFI on the diluted/
treated sample that was greater than, or equal to the MFI of the same bead on an undiluted
sample. All crossmatches were flow cytometric crossmatches.!

Allograft Histologic Analysis

Allograft biopsy tissue was processed for light microscopy and C4d by immunofluorescence
(Bio-Rad, Hercules, CA). C4d staining was assessed by indirect immunofluorescence and
scored from 0-3. Banff 2017 criteria was used for histologic diagnosis and included 1)
histologic evidence of active tissue injury, 2) evidence of antibody interaction with vascular
endothelium, and 3) serologic evidence of DSAs.” Patients in the cohort identified prior to
release of Banff 2017 criteria had their biopsy results reviewed to ensure compliance with
the latest classification. Biopsies were not performed for 2 patients because of their need for
anticoagulation, as described above.

Transplantation. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tan et al.

Page 4

Induction and Maintenance Immunosuppression

Per institution protocol, pre-sensitized patients (DSA with MFI >2000 or positive
crossmatch) received induction with anti-thymocyte globulin (1.5 mg/kg per day x 4 doses)
and maintenance immunosuppression with tacrolimus, mycophenolate mofetil, and
prednisone. Non-sensitized patients received induction with alemtuzumab (20 mg « 1 dose)
and maintenance immunosuppression with tacrolimus and mycophenolate mofetil.

Identification and Treatment of Early AMR

Results

At the time of DSA increase suggestive of AMR, an urgent allograft biopsy was performed
and eculizumab (1200 mg) was given within 24 hours. Patients with allograft dysfunction
(either decrease in estimated glomerular filtration rate [eGFR] or delayed graft function) also
started treatment with plasmapheresis or IVIG, or both. Plasmapheresis was initiated within
24 to 48 hours of diagnosis. Eculizumab treatment (600 mg intravenous) was repeated after
each plasmapheresis treatment. If plasmapheresis was discontinued and it was deemed by
the treating physician that eculizumab treatment should be continued, a 900-mg dose was
repeated weekly. Eculizumab treatment was stopped after the DSA MFI decreased to
500016:17 or the patient had received eculizumab for 30 days with stabilization of renal
function. All patients who received eculizumab were prescribed oral penicillin or
ciprofloxacin for infectious disease prophylaxis in addition to standard post-transplant
infectious disease prophylaxis. All patients were also advised to receive meningococcal
vaccine.

The number of plasmapheresis treatments varied on the basis of clinical context and our
experience with using eculizumab. At the beginning of our experience, patients received up
to 12 plasmapheresis treatments. After finding that most patients stabilized clinically after
the initial dose of eculizumab, we began to withhold plasmapheresis or decrease the number
of treatments per patient when the allograft function stabilized. Each patient received 100
mg/kg of IVIG after each plasmapheresis treatment and 1 g/kg of IVIG at the end of all
plasmapheresis treatments.

Statistical computation was performed on SPSS software version 20.0 (IBM Corp). Medians
and interquartile ranges (IQRs) were reported. Nonparametric continuous variables were
compared using the matched pairs analysis. P values less than .05 were considered
statistically significant.

Baseline Demographic Characteristics

The incidence of early active AMR from January 1, 2014, through January 31, 2018, was
1.8% (15/850). The median age of patients at the time of AMR was 51 years, and the
majority of patients were female and white (Table 1). Approximately one-half of the patients
received a transplant from a living donor. Twelve (80.0%) patients had evidence of
detectable DSA using single antigen bead testing (LABScreen, One Lambda Conoga Park,
CA), and six (40.0%) patients had a positive B flow cytometric crossmatch at baseline.
Among the patients with a positive B-cell flow cytometric crossmatch at baseline, the
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median mean channel shift was 149.5. The median (IQR) cPRA was 93% (0%-99%). Of the
10 female patients, 8 (80.0%) had a prior pregnancy, and 7 (46.7%) of the 15 patients had
prior history of kidney transplant. Of the 8 females with a prior pregnancy, 5 (62.5%)
received kidney transplants were from a living donor, and only 1 (12.5%) of them received a
kidney from a spouse that was a father of a child. Of the 7 patients with prior kidney
transplant(s), we only had details on 2 patients’ prior donor HLA typing, with the rest
having been transplanted elsewhere in the remote past. These 2 patients did not have HLA
mismatches to antigens common to both the prior and current donor.

Only 1 patient received preemptive rituximab treatment and plasmapheresis before an
intended positive crossmatch transplant. The majority [66.6%(10/15)] of patients had
detectable DSA prior to transplant and received induction with anti-thymocyte globulin, and
maintenance immunosuppression with tacrolimus, mycophenolate mofetil, and prednisone.
The other 5 patients (33.3%) received induction with alemtuzumab and received initial
maintenance immunosuppression with tacrolimus and mycophenolate mofetil. After the
AMR episode, all patients received maintenance immunosuppression that included
prednisone (5 mg). Median follow-up was 13 months.

AMR Diagnosis and Treatment Course

AMR was diagnosed a median (IQR) of 10 (7-11) days post-transplant, at which time the
median (IQR) eGFR was 21 (12-32) mL/min and median (IQR) creatinine was 2.4 (1.8-4.4)
mg/dL (Table 2). The median (IQR) of class | DSA MFI was 7196 (1165-9396) and the
median (IQR) of class Il DSA MFI was 4808 (0-9798) at the time of AMR diagnosis.
Serum dilutions revealed that 46.7% (7/15) of patients had prozone at the time of AMR
diagnosis (Figure 1). All the patients were treated with eculizumab within 24 hours of
presumptive diagnosis of AMR. Biopsies were performed at AMR onset in 86.7% (13/15) of
patients.

The median number of treatment doses of eculizumab was 5. Of the 15 patients, 12 (80.0%)
received at least 1 plasmapheresis treatment, and the median number of plasmapheresis
treatments was 7 (Table 2). Patients who had plasmapheresis had more doses of eculizumab
than those who did not have plasmapheresis (median, 8.5 doses [vs 2 doses]; 2= .048). One
patient was treated with splenectomy (performed on post-operative day 12) because of
oliguria, allograft dysfunction, and persistently high DSA.

All biopsies met Banff 2017 criteria for AMR. Specifically, all (13/13) showed diffuse C4d
positivity in the peritubular capillaries of >2; 30.8% (4/14) showed peritubular capillaritis
>2; 15.4% (2/13) showed glomerulitis >2; and 100.0% (13/13), acute tubular injury (Table
3). None of the biopsies showed evidence of thrombotic microangiopathy or cortical
necrosis. Of note, there were 5 (38.5%) patients (of the 13 biopsied) that had positive C4d
staining and acute tubular injury, without evidence of glomerulitis or peritubular capillaritis.
These patients had time zero biopsies that showed nil or minimal acute tubular injury.

Outcomes Following AMR Treatment

No graft losses occurred during follow-up [median (IQR) follow-up, 13(12-19) months].
Within 1 week of treatment, the median (IQR) eGFR increased from 21 mL/min to 34
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mL/min (IQR, 26—47 mL/min), P=.001. The median (IQR) eGFR had further increased to
41 (26-47) mL/min, P= .01 after 1 month of treatment, and at 3 to 6 months post-treatment
the eGFR was 45 (36—64) mL/min. Twelve patients reached the 12 months post-transplant
time point at which time the median (IQR) eGFR was 45 (41.5-59.0) mL/min. The median
(IQR) eGFR at the point of last follow-up [median(IQR) of 13(12-19) months] was 52 (46—
60) mL/min. (Figure 2).

Follow-up surveillance biopsies were performed in 80.0% (12/15) of patients at the 3 to 6
month time point. Again, the 2 patients who did not have index biopsies because of the need
for anticoagulation did not have follow-up protocol biopsies. Only 16.7% (2/12) of patients
had histologic evidence of active AMR based on Banff 2017 criteria, and both these patients
had a concomitant T-cell-mediated rejection. One patient had Banff 1A (i2, t2, vO) while the
other had borderline rejection (i1, t1, v0). Isolated T-cell-mediated rejection was identified
in 16.7% (2/12) of these patients — one patient had Banff 1A (i2, t2, v0) while the other had
Banff IB (i3, t3, v0). The remaining 66.6% (8/12) of patients had no evidence of rejection.
Both patients with evidence of active AMR had glomerulitis (g=2) and peritubular
capillaritis (ptc =2). Only 1 patient had ongoing C4d positivity. This patient also had
evidence of chronicity with a Banff cg score of 2. Ten patients (66.7%) had a surveillance
biopsy at 1 year after AMR treatment: 20.0% (2/10) patients had isolated active AMR;
10.0% (1/10) had chronic active AMR; and 10.0% (1/11) had an isolated borderline acute T-
cell-mediated rejection. Six patients (60.0%) had no histologic evidence of rejection (Table
3). Withholding plasmapheresis was not associated with AMR. The 2 patients who did not
receive plasmapheresis and had a follow-up kidney biopsy at 3 to 6 months did not have
evidence of persistent AMR. Both patients with active AMR on follow-up biopsy received
plasmapheresis (8 and 12 treatments, respectively).

One patient had Haemaophilus influenzae pneumonia at 2.5 months after discontinuation of
eculizumab treatment. No other complications associated with eculizumab were identified.
Specific details of each patient’s clinical course and biopsy results are shown in Table 4.

Discussion

We found that administering eculizumab alone or in combination with plasmapheresis and
IVIG was a safe, rapid, and effective means of therapy for early active AMR and abrupt
DSA increases that can occur during robust amnestic response early after transplant.
Allograft function improved significantly within 1 week of treatment with a median increase
in eGFR from 21 mL/min to 34 mL/min (P=.001). At last follow-up, the median eGFR had
increased to 52 mL/min and no patients had allograft loss. In addition, the majority patients
had complete resolution of histologic evidence of AMR within 3 to 6 months.

Previously, treatments with eculizumab or other complement inhibitors for AMR have been
reported for small and heterogeneous patient groups that presented at varied times post-
transplant, and success of treatment has been mixed.11:18-21 Two reports in kidney transplant
have shown that eculizumab combined with IVIG and plasmapheresis was ineffective for
treating active AMR.22:23 |n another case series, 80% (4/5) of positive crossmatch kidney
transplant recipients who had early clinical AMR and were treated with a combination of

Transplantation. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tan et al.

Page 7

eculizumab, plasmapheresis, and IVIG lost their grafts at a median of 95 days post-
transplant.11 The lack of success of eculizumab therapy for AMR in these small case reports
is unclear but is likely related to the timing of eculizumab administration, the severity and
chronicity of AMR at treatment initiation, and the baseline patient profile (ie, positive
crossmatch).

Our cohort was distinctive from others because of its size and its homogeneity because we
studied only patients with early active AMR within the first month after transplant, and
eculizumab was used early (within 24 hours of AMR diagnosis or identification of increased
DSA) rather than as salvage therapy. We also have follow-up biopsies on the majority of
patients at the 3 to 6 month time point.

The main limitations of our study were the lack of a comparator group, the non-standardized
and heterogenous treatment regimens, and the lack of histologic information on all of the
patients at all time studied time points. One problem is that randomized controlled trials to
answer such questions are difficult to perform. Early active AMR is rare (1.8% in a 4-year
period), and it would be difficult to obtain adequate enrollment within a reasonable time
frame with correct characterization of patient profiles in a multicenter study. This issue is
well illustrated in a previous randomized controlled trial comparing eculizumab to standard
of care for AMR (ClinicalTrials.gov Identifier: NCT01895127). That study was terminated
early for lack of efficacy, but only 11 patients were enrolled and the timing of AMR was not
specified. The use of a historical control group is also problematic because of the small
sample size and differences in clinical practice long term.

We also want to emphasize that the AMR in this patient cohort was detected very early and
may have been a milderform because 53.8% (7/13) of the patients studied had minimal
microvascular inflammation (g = 0, ptc = 0, or g + ptc = <2). Lastly, we note that among
those with a positive B-cell flow cytometric crossmatch, the median channel shift of 149.5
was less than the threshold of more than 359 identified by Burns et al.16 and thus should
have had a lower propensity for AMR.

Given that our case series was small and non-randomized, we cannot conclude that
eculizumab treatment is superior to standard-of-care therapies, including plasmapheresis,
IVIG, or rituximab, for AMR treatment. However, it is an effective therapeutic option for
AMR that has clear advantages compared with other therapies. Eculizumab is easy to
administer, is well tolerated with minimal adverse effects, and blocks terminal complement
immediately. It has rapid effectiveness that can prevent early graft loss, and invasive
therapies such as plasmapheresis that are associated with adverse effects (ie, infection,
electrolyte abnormalities, and hemorrhage from depletion of coagulation factors) can
sometimes be avoided.2425 Use of eculizumab is also easier for the patient because it can
usually be administered as an outpatient without a central venous catheter.

The addition of plasmapheresis is theoretically advantageous because it is particularly
effective at removing immunoglobulin M, which has been associated with AMR in the
clinical setting of terminal complement blockade.28 The drawback is that plasmapheresis
does not affect long-term alloantibody production, and some previous studies have suggested
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that alloantibody eventually decreases on its own after the early amnestic response anyway.
21 The other problem with plasmapheresis is that it removes eculizumab and therefore
eculizumab must be redosed, which increases the overall cost of therapy dramatically.

On the basis of our observations and prior experience,12:15.16.28 \we have developed a
treatment algorithm using eculizumab to manage early abrupt increases in DSA and
histologic evidence of AMR within 30 days after kidney transplant (Figure 3). We
recommend urgent kidney biopsy with C4d immunostaining whenever possible for patients
with 1) an early (<30 days post-transplant) increase in DSA with an MFI greater than 8000;
2) evidence of prozone effect detected with serum dilution; or 3) DSAs present at any level
with unexplained allograft dysfunction. For patients who meet histologic criteria for AMR
or cannot undergo a biopsy because of risks, we recommend initiation of eculizumab
therapy. In patients who have allograft dysfunction (either a severe decrease in eGFR or
delayed graft function), we recommend considering plasmapheresis and IVIG. We believe
that it is safe for patients with stable allograft function to receive eculizumab alone with
close monitoring. In both scenarios, we recommend discontinuing eculizumab therapy when
the DSA MFI is less than 5000 and prozone is no longer present or at 30 days following
treatment initiation regardless of DSA level. We recommend only a limited course of
eculizumab therapy because of our previous finding that long-term eculizumab treatment
does not prevent chronic AMR.12 The choice of discontinuing eculizumab at DSA MFI of
5000 is based on our groups prior published experience that DSA with an MFI of 5000 is
typically not associated with AMR.16

The main disadvantage for eculizumab use is its high cost and limited availability. We
believe that the financial cost can be justified when considering the full “cost” of a graft loss.
Patients with early active AMR, particularly those with significant allograft dysfunction and
histologic injury, are historically at high risk for graft loss if they are not treated promptly
and aggressively. Early allograft loss is devastating to the patient, leading to the resumption
of dialysis (which itself is costly). Performing a retransplant for these patients can become a
challenge because of subsequent sensitization.

Another understated cost is the impact of a graft loss to a transplant program. Thus, the cost
of eculizumab must be considered in the context of the other costs of AMR treatment,
including central line placement, plasmapheresis, IV1G, hospitalizations, and other
adjunctive therapies. All these therapies are expensive and have potential adverse effects.
The patient is also inconvenienced by having to stay close to an inpatient facility for the
AMR treatments, while eculizumab can be safely administered in a basic facility. The other
major consideration apart from cost is prompt availability of eculizumab. Delayed treatment
of an aggressive early AMR can lead to graft loss and allograft damage that are not easily
reversible. We believe that part of our success was related to the fact that eculizumab is
readily available at our center and can be given promptly.

Our experience lies in using eculizumab therapy, which inhibits terminal complement, but it
is possible that other complement inhibitors are also effective. Previous preliminary studies
have suggested that C1 esterase inhibitors can also be used to treat AMR, and randomized
controlled trials are underway using them for refractory active AMR and prevention of
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chronic AMR (ClinicalTrials.gov Identifier: NCT03221842 and ClinicalTrials.gov Identifier:
NCT02547220).

In summary, prompt use of eculizumab appears to be a safe and effective therapy for treating
early active AMR or abrupt increases in DSA when a biopsy cannot be performed safely in
kidney transplant recipients at less than 30 days post-transplant. Eculizumab appears to
prevent devastating early graft loss with minimal adverse effects, but it is unclear whether
this strategy decreases the long-term incidence of chronic AMR. Further study of therapy
duration, role of concomitant plasmapheresis, cost-effectiveness, and comparison with other
complement inhibitor therapies is needed, as well as treatment to modify alloimmune
responses.
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Figure 1.

DSA MFI Levels at Time of Antibody-Mediated Rejection (AMR) Diagnosis, and Follow-
up. Numbers indicate individual patients. Asterisk indicates that serial dilutions of patient’s
serum showed prozone effect at peak of AMR response. DSA indicates donor-specific
antibody; MFI, mean fluorescence intensity.
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Figure2.
Change in eGFR After AMR Diagnosis. Within 1 week of eculizumab treatment the median

estimated glomerular filtration rate (eGFR) increased from 21 mL/min to 34 mL/min (P=.
001) and up to 41 mL/min within 1 month of treatment (P=.01). AMR indicates antibody-
mediated rejection; eGFR, estimated glomerular filtration rate. Matched pairs analysis was
used to compare median eGFRs.
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Proposed Algorithm for Managing Early AMR and Increases in DSA Early After Kidney

Transplant. AMBR indicates antibody-mediated rejection; DSA, donor-specific antibody;
MFI, mean fluorescence intensity.
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Table 1.

Demographic Characteristics of the 15 Study Patients

Overall Cohort®

Age, median (IQR), y 51 (42-55)
Female gender 10 (66.7)
Ethnicity
White 11 (73.3)
African American 2(13.3)
Asian 2(13.3)
Primary cause of ESRD
Diabetes mellitus 1(6.7)
Cystic disease 5(33.3)
Glomerulonephritis 4(26.7)
Unknown 1(6.7)
Others 4(26.7)
Type of donor
Living 8(53.3)
Deceased 7 (46.7)
BMI, median (IQR), kg/m?2 29.4 (26.2-36.5)
Blood group
o 4(26.7)
A 9 (60.0)
B 1(6.7)
AB 1(6.7)
Baseline detectable DSA (any MFI) 12 (80.0)
Baseline positive B flow cytometric XM 6 (40.0)

Baseline channel shift among +XM, median (IQR) (n = 6)

B 149.5 (113.3-187.5)

T 89 (48.25-128.5)
Baseline sum MFI of DSA procedures among +XM, median (IQR) (n = 6)

Class | 1507 (0-2727)

Class Il 0 (0-2347.5)
Receiving dialysis at time of transplant 9 (60.0)
cPRA, median (IQR) 93 (0-99)
Prior pregnancy (n = 10) 8(80.0)
Retransplant 7 (46.7)
HLA mismatches, median (IQR)

A, B,DR 4 (3-5)

Class Il DR, DP 2 (1-4)
Preconditioning with rituximab and plasmapheresis 1(6.7)

Type of induction
Thymoglobulin 10 (66.7)
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Overall Cohort®

Alemtuzumab 5(33.3)
Initial maintenance immunosuppression

Tacrolimus, mycophenolate mofetil, prednisone 10 (66.7)

Tacrolimus, mycophenolate mofetil 5(33.3)
Delayed graft function 3(20.0)
Follow-up, median (IQR), months 13(12-19)

Abbreviations: BMI, body mass index; cPRA, calculated panel-reactive antibody; DSA, donor-specific antibody; ESRD, end-stage renal disease;
IQR, interquartile range; MFI, mean fluorescence intensity; XM, crossmatch; +XM, positive crossmatch.

a\/alues are presented as number and percentage of patients unless specified otherwise.
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Table 2.
AMR Details and Treatment (N=15)

AMR and Treatment Value
Post-transplant day, median (IQR) 10 (7-11)
Serum creatinine at onset of AMR, median (IQR), mg/dL 2.4 (1.8-4.4)
eGFR at onset of AMR, median (IQR), mL/min 21 (12-32)
Doses of eculizumab, median (IQR), No. 5 (2-10)
Plasmapheresis, No. (%) 12 (80.0)
Sessions of plasmapheresis, median (IQR), No. 7 (3-10)
Splenectomy, No. (%) 1(6.7)

Abbreviations: AMR, antibody-mediated rejection; eGFR, estimated glomerular filtration rate; IQR, interquartile range.
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Allograft Histologic Summary
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Table 3.

Diagnosis and Banff 2017 Scores

Biopsya

Follow-up  Follow-up
Index 3-6 months 12 months
(n=13) (n=12) (n=10)

Primary diagnosis

Isolated T-cell-mediated rejection

Isolated active AMR
Isolated chronic active AMR

Mixed active AMR and T-cell-mediated rejection

No rejection

Banff 2017 (score)
C4d positivity (=2)
Peritubular capillaritis (=2)
Glomerulitis (=2)

Chronic glomerulopathy (=1)

000 Sa67? 1007
13(1000)  0(0.0) 2 (20)
0 (0.0) 0(0.0) 1(10)
000  ,ue7° 000
000)  8(667) 6 (60)
13(1000)  1(83) 1(10)
4308  2(167) 2 (20)
2(154)  2(16.7) 2 (20)
0(0.0) 1(83) 1(2)

Abbreviation: AMR, antibody-mediated rejection.

a . . . . . . . .
Two patients did not undergo biopsy because of need for anticoagulation and 1 patient did not undergo biopsy at 1 year because bowel was
overlying allograft on ultrasound. The other biopsies not included were either not performed because of patient preference or patient has not

reached time point.
b

Grades 1A and 1B
cBorderIine and Grade 1A

dBorderIine
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