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Background. There is limited information on the value of short-term invasive and noninvasive monitoring in kidney trans-
plant recipients (KTR) undergoing therapy for chronic active antibody-mediated rejection (CAMR). Methods. We describe
response rates in patients with cAMR receiving pulse steroids/IVIG + rituximab 3-mo after index biopsy. Results. The
study included 82 consecutive KTR. Mean time from transplant to cAMR was 10 y. Mean peritubular capillaritis (ptc), glo-
merulitis (g), microvascular inflammation (MVI), C4d, and cg Banff scores were 1.1, 2.1, 3.2, 0.2, and 2, respectively. Mean
estimated glomerular filtration rate (€GFR) and urine protein creatinine (UPC) ratio were 38 mL/min and 1.6 g/g, respectively.
Thirty (37%) patients lost their allograft during the mean follow-up of 2.4 y. In patients treated with pulse steroids/IVIG (n =
41), response rates for eGFR, UPC, donor-specific antibodies (DSAs), and MVI were 27 %, 49%, 7%, and 19%, respectively.
In the pulse steroids/IVIG/rituximab group, response rates were 66%, 61%, 20%, and 69%, respectively. Univariate analysis
identified response in eGFR (HR = 0.03; P = 0.001; 95% ClI, 0.004-0.26), UPC (HR = 0.38; P = 0.01; 95% Cl, 0.18-0.82),
and DSA (HR = 0.11; P = 0.004; 95% Cl, 0.02-0.49) as predictors of graft survival. Multivariate analysis only retained eGFR
response (HR =0.12; P = 0.01; 95% Cl, 0.02-0.64). Conclusions. In cAMR, short-term response to treatment for kid-
ney function and DSA was associated with graft survival, but the role of early surveillance biopsies needs further evaluation.
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Kidney transplant recipients (KTR) with active antibody-
medicated rejection (AMR) are at increased risk of chronic
active AMR (cAMR) and poor long-term patient and
allograft outcomes.!” We have reported that KTR with
cAMR have a graft half-life of 12 mo if left untreated.*
Treatment with pulse steroids and IVIGs was associated
with enhanced graft half-life to 24 mo,*® whereas the addi-
tion of single dose of rituximab to pulse steroids/IVIG was
associated with further improvement in graft survival to
70% at 4 y.° Choi et al demonstrated that adding tocili-
zumab to the previous regimen was associated with 80%
graft survival at 6 y.” However, the optimal treatment
strategy for cAMR is not known, and most approaches are
based on expert opinion.®’ We recently reported on the risk
of infections associated with specific treatments of cAMR
and determined that the treatment of cAMR includes pulse
steroids, rituximab, IVIG, and increased baseline immuno-
suppression, but not rituximab alone, was associated with
sixfold increased risk of pneumonia.!’

Monitoring strategies play an important role in defining
the safety and efficacy of cAMR therapy.®!® Furthermore,
they can help define surrogate markers of treatment response
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and graft survival. We have noted that although short-term
donor-specific antibody (DSA) monitoring and surveillance
biopsies help to guide therapy, the graft survival advantage
only became apparent after 1 y.° In this study, we present our
experience with surveillance 3-mo biopsies, DSA, and kidney
function after the treatment of cAMR. We define short-term
immunopathological and functional response rates to treat-
ment modalities with pulse steroids/IVIG and pulse steroids/
IVIG/rituximab, in an attempt to determine predictive short-
term responses for long-term graft survival.

MATERIALS AND METHODS

Study Population

The study was approved by the Health Sciences
Institutional Review Board at the University of Wisconsin-
Madison. Total number of biopsies performed during the
study period (January 1, 2017, and August 31, 2020) was
1920; 1167 patients had no rejection, 467 had T-cell-medi-
ated rejection (TCMR), 208 had acute AMR, and 82 had
cAMR. There were 45 biopsies performed for delayed graft
function. We included all KTR who had a first episode of
biopsy-proven cAMR with at least one protocol follow-up
biopsy (Figure 1). No patient received rejection treatment
before their inclusion episode of biopsy-proven rejection.
Patients who had rejection on initial biopsy but had no
follow-up protocol biopsy were excluded from the study.
Patients with any histologic component of TCMR, includ-
ing t score >0 were also excluded. Patients with only active
AMR with cg score = 0 were excluded from the study.
Furthermore, patients with evidence of BK nephropathy or
glomerulonephritis were excluded from the study. Patients
with primary graft dysfunction (defined as needing chronic
dialysis within 3-mo posttransplant or graft nephrectomy)
were also excluded. Recipients of multi-organ transplants
such as simultaneous liver and kidney, simultaneous pan-
creas and kidney, and simultaneous heart and kidney, were
excluded. All biopsies were reevaluated to conform to Banff’s
2017 criteria."" Death-censored kidney allograft failure was
defined as patient return to dialysis or retransplant.

Excluded:
Biopsies with no rejection =
1167
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Data Collection

We analyzed data on age, gender, race, retransplant status, the
cause of end-stage kidney disease, type of transplant, induction
immunosuppression, maintenance immunosuppression, the rea-
son for the biopsy, donor-specific antibodies (DSA) at the time of
biopsy, histology of the first and follow-up protocol biopsy, base-
line creatinine, and estimated glomerular filtration rate (¢€GFR), cre-
atinine and eGFR at time of rejection, creatinine, and eGFR after
treatment, the treatment received, graft loss, and patient death.

Immunosuppression

Patients undergoing kidney transplants at our center receive
induction immunosuppression with either a T-celldepleting
agent (anti-thymocyte globulin or alemtuzumab) or a nonde-
pleting agent (basiliximab) based on immunological risk fac-
tors. Patients typically received a triple immunosuppressive
regimen for maintenance immunosuppression, including a cal-
cineurin inhibitor (usually tacrolimus), anti-proliferative agent
(mycophenolate mofetil or mycophenolic acid), and steroids.
Low-immunological-risk patients receiving T-cell-depleting
induction are eligible for early steroid withdrawal. The dose-
and drug-level targets were adjusted based on the patient’s
clinical characteristics, including immunological risk, infec-
tions, malignancies, and rejections as previously described.!?

Kidney Allograft Biopsies

Kidney allograft biopsies were performed for cause due
to an unexplained rise in serum creatinine or a significant
increase in urine protein to creatinine (UPC) ratio. In addi-
tion, protocol biopsies were performed at months 3 and 12
for all patients with pretransplant DSA and in patients who
develop de novo DSA or have a substantial rise in DSA.
Additionally, patients treated for rejection undergo fol-
low-up biopsy approximately 3 mo after initial biopsy, per
protocol. The biopsy was sometimes delayed for logistical
reasons and was sometimes performed earlier due to con-
cerns about poor response. For the purpose of this study,
acute kidney injury was defined as an absolute increase in
serum creatinine level of >0.3mg/dL within 48h or >50%
increase in serum creatinine level occurring over 1 to 7 d

Total number of kidney biopsies
between 01/01/2017 and
08/31/2020
N =1920

Biopsies with TCMR = 418
Biopsies with acute ABMR =
208
Biopsies for DGF = 45

Total number of patients
included in the study with
cABMR = 82

FIGURE 1. Flowsheet. AMR, antibody-mediated rejection; cAMR, chronic active AMR; DGF, delayed graft function; TCMR, T-cel-mediated

rejection.
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or the presence of oliguria for more than 6 h, per current kid-
ney disease improving global outcomes guideline recommen-
dation.!® The biopsy sample was declared adequate if there
were 210 glomeruli with at least 2 arteries, per Banff criteria.'*

Treatment of cAMR

At our center, patients with cAMR receive a treatment regi-
men that begins with dexamethasone 100 mg by intravenous
infusion on day 1, followed by 50mg on day 2 and then a
gradual taper of prednisone from 180 mg to 10 mg daily over
a month. The steroid pulse is augmented by IVIG 500 mg/kg
every other week for 3 doses. A single rituximab 375 mg/m?
dose is added in younger patients with high disease activity
(microvascular inflammation) (MVI score), and favorable his-
tory of infections/malignancies.® Typically, for patients with
cAMR, baseline immunosuppression was increased to a tar-
get tacrolimus trough level of 8-10ng/mL and full dose of
mycophenolate. To avoid selection bias, patients who received
steroids and IVIG were not compared with patients who
received steroids, IVIG, and rituximab. Rather, we simply
describe response rates to each treatment strategy.

Immunopathology and Kidney Function Response to
Treatment

Histologic response to treatment was assessed on 3-mo
follow-up biopsies. Patients were considered MVI (g + ptc)
responders if 3-mo MVI score was 0. Baseline eGFR was
determined by assessing the eGFR within the past 3 mo before
the rejection episode.

Our laboratory uses chronic kidney disease epidemiology
collaboration equation for eGFR calculation. eGFR at the
time of the first biopsy was used as the nadir eGFR. eGFR at
the time of second biopsy was used to determine kidney func-
tion response to treatment. Patients were considered respond-
ers if 3-mo eGFR returned to within 10% of baseline. Patients
were considered proteinuria responders if 3-mo UPC ratio
declined by 25% from the index biopsy. Patients were consid-
ered DSA responders if 3-mo DSA MFI declined by 50% or
greater from index biopsy.

Statistical Analysis

Data are reported as mean = SD or percentages. We did
not compare data between the two treatment groups to avoid
selection bias. However, we examined changes between index
biopsy and surveillance biopsy timepoints within each group.
Univariate and multivariate Cox regression analyses were
performed in the entire cohort to determine the risk factors
associated with death censored kidney allograft loss. Variables
were included in the multivariate analysis if the P value in
univariate analysis was less than 0.05. Kaplan—Meier survival
analyses were conducted to display graft survival. P values
<0.05 were considered statistically significant. All analy-
ses were performed using the MedCalc Statistical Software
version 16.4.3 (MedCalc Software bvba, Ostend, Belgium;
https://www.medcalc.org; 2016).

RESULTS

Baseline Characteristics

There were 82 patients with cAMR who met the study
inclusion criteria. Baseline characteristics of the cohort can be
found in Table 1. In the patients who received steroids/IVIG,
the mean age at the time of transplant was 42=14 vy, 58.5%
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Baseline characteristics

Steroids/IVIG/
Baseline Steroids/IVIG Rituximab
characteristics (N=41) (N=41)
Mean age at time of transplant + SD, y 4214 1+14
Male, n (%) 24 (58.5) 27 (66)
White, n (%) 32 (78) 34 (83)
Diabetic ESRD, n (%) 4(10) 8(19.5)
Living donor txp, n (%) 12 (29) 12 (29)
History of failed allograft, n (%) 11(27) 11(27)
Antithymocyte globulin induction, n (%) 19 (46) 21 (51)
Alemtuzumab induction, n (%) 6 (15) 3(7)
Basiliximab induction, n (%) 16 (39) 17 (41)
Mean time from transplant to biopsy + SD, y 10.5+6.6 95+8
Mean follow-up from transplant + SD, y 125+6.5 12+8

Mean follow-up from biopsy + SD, y 2+1 3+1
Time between two biopsies + SD, mo 5+4.6 4+2

ESRD, End-Stage Renal Disease; txp, transplantation.

were male, and the majority were non-Hispanic White
(78%). In this group, 46% of patients received anti-thymo-
cyte globulin, 39% received basiliximab, and 15% received
alemtuzumab as an induction agent. The mean time from the
transplant to the biopsy with the diagnosis of cAMR was
10.5+6.6 y. Mean follow-up from cAMR was 2+1 y. Mean
time between the first and follow-up biopsy was 5 +4.6 mo.

In patients who received steroids/IVIG/rituximab, the
mean age at transplant was 41+ 14 y, 66% were male, and the
majority were non-Hispanic White (83%). In this group, 51%
of patients received antithymocyte globulin, 41% received
basiliximab, and 7% received alemtuzumab as an induction
agent. Mean time from the transplant to the biopsy with
the diagnosis of cAMR was 9.5+8 y. Mean follow-up from
cAMR was 3+ 1 y. Mean time between the first and follow-up
biopsy was 4 =2 mo.

Changes in Histopathology

Pathology Banff scores on index and surveillance biopsies
are displayed in (Table 2). Transplant glomerulopathy (cg
score) was moderately severe in both groups (cg 2+1 and
1.8 0.8, respectively). Both g and MVI scores improved sig-
nificantly regardless of the treatment received. There was also
a decline in peritubular capillaritis (ptc) scores, although the
change did not reach statistical significance. Tubular atrophy
(ct scores) was significantly worse after receiving pulse ster-
0ids/IVIG/rituximab. There was no other significant change
between index and surveillance biopsies. A positive response
for MVI was noted in 7.3% and 19.5% of patients in the
pulse steroids/IVIG and pulse steroids/IVIG/rituximab groups,
respectively (Figure 2).

Changes in Kidney Function and DSA

Kidney function parameters (serum creatinine, eGFR, and
UPC) and circulating HLA DSA levels are displayed in Table 3.
For patients who received steroids/IVIG, overall changes in
serum creatinine, eGFR, and proteinuria were not statistically
significant. Similarly, changes in DSA did not reach statisti-
cal significance. According to our predefined criteria, eGFR,
UPC, and DSA response rates were at 27%, 49%, and 19%,
respectively (Figure 2). In the steroids/IVIG/rituximab group,
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UPC and DSA to class I HLA declined significantly. Positive
response for eGFR, UPC, and DSA occurred in 66%, 61%,
and 69%, respectively (Figure 2).

Graft Outcomes

Next, we examined whether short-term response rates in
kidney function, DSA, and pathology could predict long-term
graft survival. We first addressed this question with Kaplan-
Meier survival analyses and determined that a positive
response for eGFR, DSA, and UPC was associated with better
death-censored graft survival (P < 0.0001, P = 0.0005 and

Changes in histopathology

Pulse steroids/IVIG, Pulse steroids/IVIG/
mean = SD Rituximab, mean = SD

Banff Index Surveillance Index  Surveillance
score biopsy biopsy P biopsy biopsy P
i 01+04 0.05+03 05 0.05+02 005+03 1
t 0 0 N/A 0 0 N/A
v 0 0 N/A 0 0 N/A
ptc 1.1+1 08+0.7 041 1.2+1 1+£08 0.2
g 21+1 1.7+1 0.04 211 1.5+1  0.01
myi 32+13 25+x15 0.02 33«1 23+15 0.01
C4d 02+0.7 01+05 04 02+07 03+07 04
ah 14«12 12+13 04 12«13 13+x13 07
Ci 1.6+1 1.7+1 0.6 1+06 1.2+07 02
ct 1.5+1 1.7 +1 0.4 1+£0.5 1.3+£06 0.01
cv 1.1+1 1.2+1 06 07«07 09+08 02
cg 2+1 1.6+1 007 18+08 15+11 0.2
ci+ct+cv+cg 6.3+26 6.2+25 08 45+18 48+2 1

ah, arteriolar hyalinosis; cg, glomerular basement membrane double contours; ci, interstitial
fibrosis; ct, tubular atrophy; cv, vascular fibrous intimal thickening; g, glomerulitis; i, interstitial
inflammation; mvi, microvascular inflammation; N/A, not applicable; ptc, peritubular capillaritis;
t, tubulitis; v, intimal arteritis.

80.0%

70.0%

66%
61%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

GFR Proteinuria

W Steroids/IVIG
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P = 0.01, respectively, Figure 3). Interestingly, MVI response
was not associated with improved death-censored graft
survival (P = 0.5).

Next, we conducted univariable and multivariate Cox
regression analyses adjusted for baseline donor, recipient, and
transplant characteristics, to confirm whether these associa-
tions were independent predictors of outcomes (Table 4). In
univariable analyses, rituximab use (HR = 0.13; P = 0.0001;
95% CI, 0.05-0.34) and a response in eGFR (HR = 0.03;
P =0.001; 95% CI, 0.004-0.26), UPC (HR = 0.38; P = 0.01;
95% CI, 0.18-0.82), and DSA (HR = 0.11; P = 0.004; 95%
CI, 0.02-0.49) were associated with improved death-cen-
sored graft survival. However, on multivariate analysis, only
eGFR response was retained (HR = 0.12; P = 0.01; 95%
CL, 0.02-0.64). Interestingly, changes in MVI were not
associated with graft survival (HR = 0.86; P = 0.2; 95%
CI, 0.69-1.09).

DISCUSSION

Optimal monitoring strategies are needed to address
cAMR, a leading cause of late graft failure after kidney trans-
plantation. We examined the value of standard 3-mo invasive
and noninvasive monitoring protocols after the diagnosis of
cAMR. Our findings suggest that a return of eGFR within 10%
of baseline is the best predictor of graft survival. A decline in
DSA >50% and an improvement in proteinuria >25% were
also associated with improved graft survival, but multivari-
ate analyses only retained eGFR response as the independ-
ent predictor of outcomes. Interestingly, despite significantly
improved MVI scores on follow-up biopsies, MVI response
did not appear to predict graft survival, calling into question
the value of short-term protocol biopsies after cAMR.

Currently, there is no consensus on how patients with
cAMR should be monitored after treatment or if early
response to treatment is associated with favorable graft

69%

19.50%

MVI DSA

M Steroids/IVIG/Ritux

Treatment response was defined as 3-month eGFR within 10% of baseline, proteinuria (UPC)
decline > 25%, DSA decline by > 50%, and MVI (ptc + g) score =0

FIGURE 2. Three-month response rates to prescriptions in cAMR. cAMR, chronic active antibody-mediated rejection; DSA, donor-specific
antibody; eGFR, estimated glomerular filtration rate; MVI, microvascular inflammation; UPC, urine-protein creatinine ratio.
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Changes in kidney function and DSA

Pulse steroids/IVIG Pulse steroids/IVIG/Rituximab
Variables Baseline  Index biopsy Surveillance biopsy P? Baseline Index biopsy  Surveillance biopsy  P?
Kidney function
Creatinine (mg/dL) 1.6+0.5 2+0.7 2.2+1 0.2 1.4+04 1.6+05 1.8+0.4 0.08
€GFR (mL/min) 47+16 36+13 35+14 0.7 51.5+14 40+12.5 42+13 04
UPC (9/9) 0.6+0.6 1.8+1.4 1.7+1.6 0.8 05+04 1.3+1.4 0.7+0.8 0.02
HLA DSA
Class | DSA (MFI) N/A 2063 +6200 1215+ 3402 0.4 N/A 1577 +1911 739+1096 0.04
Class Il DSA (MFI) 4034 +6930 3173 +£7665 0.5 5386+ 7896 2895+7543 0.1
Class | + I DSA (MFI) 8237 +17373 4327 +8707 0.2 5953+12216 3518+14473 0.3

2Between index and surveillance biopsy.

DSA, donor-specific antibody; eGFR, estimated glomerular filtration rate; MFI, mean fluorescence intensity; N/A, not applicable; UPC, urine-protein creatinine ratio.

A eGFR response and graft survival
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FIGURE 3. Short-term response in kidney function and DSA associated with graft survival. DSA, donor-specific antibody; eGFR, estimated
glomerular filtration rate; MVI, microvascular inflammation; UPC, urine-protein creatinine ratio.

outcomes. In a study by Redfield et al, cAMR was associ-
ated with poor graft outcomes, especially if untreated.* The
authors called for earlier monitoring strategies and improved
treatment approaches. In that study, patients with DSA
MEFI >2500, chronicity score >8/12, serum creatinine >3 mg/
dL,and UPC >1 were at greater risk of graft failure.* However,
these measurements did not consider baseline values or short-
term response to therapy. In our study, we found that eGFR
response 3-mo after cAMR treatment to be the single most

important factor in predicting long-term graft survival. This
is consistent with previous reports demonstrating that in
patients with acute rejection, a return of serum creatinine or
eGFR to baseline is associated with better graft outcomes.!5!¢
Although improvements in proteinuria and DSA were also
associated with enhanced graft survival in Kaplan-Meier and
univariable Cox regression analyses, their independent role
was not confirmed in multivariable studies. Nevertheless, pre-
vious reports have suggested that a decline in DSA by 50%
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Variables associated with death-censored graft loss

Univariate analyses

Multivariate analyses

Variables HR P 95% CI HR P 95% Cl
Age >55 at txp 1.01 0.97 0.41-2.49

Male 1.17 0.68 0.53-2.60

White 0.67 0.36 0.28-1.58

History of failed transplant 0.85 0.73 0.34-2.12

DM as cause of ESRD 0.51 0.27 0.15-1.71

Living donor transplant 1.76 0.13 0.83-3.74

Depleting Induction 1.38 0.39 0.65-2.94

DSA present at biopsy 1.18 0.66 0.55-2.55

Chronicity score >8 11.91 0.0001 5.38-26.33 1.54 0.48 0.45-5.25
eGFR response, yes/no 0.03 0.001 0.004-0.26 0.12 0.013 0.02-0.64
DSA response, yes/no 0.11 0.004 0.026-0.49 1.28 0.78 0.21-7.77
UPC response, yes/no 0.38 0.01 0.18-0.82 1.02 0.96 0.32-3.20
MVI response, yes/no 0.65 0.55 0.15-2.75

C4d response, yes/no 1.61 0.45 0.42-6.08

Change in MVI between two biopsies 0.86 0.2 0.69-1.09

Rituximab use 0.13 0.0001 0.05-0.34 0.27 0.10 0.05-1.29

Cl, confidence interval; DM, diabetes mellitus; DSA, donor-specific antibody; eGFR, estimated glomerular filtration rate; ESRD, End-Stage Renal Disease; HR, hazard ratio; MVI, microvascular

inflammation; txp, transplantation; UPC, urine-protein creatinine ratio.

is associated with improved graft survival.'”” More studies
are needed to determine whether the resolution of proteinu-
ria after cAMR is independently associated with improved
outcomes. Attenuation of microcirculation inflammation in
response to treatment failed to predict long-term graft out-
comes. Consistent with this observation, we have recently
demonstrated that changes in disease activity may be delayed
in refractory AMR,'® suggesting that overall, the degree of
microcirculation inflammation on surveillance biopsies may
be a poor predictor of short- or long-term graft survival in
patients with cAMR. The ongoing Clazakizumab for the
Treatment of Chronic Active Antibody Mediated Rejection in
KTR (IMAGINE) trial (NCT03744910) may shed light on the
treatment strategies for cAMR.

Our report has the limitations of a single-center observa-
tional study with a small sample size. The lack of association
between MVI with graft survival may be due to confounding
parameters, biopsy sampling timing, and multiple operators
involved. Although 50% of the cohort received rituximab,
we did not compare treatment regimens. Rather, we sim-
ply described short-term immunopathological and func-
tional response rates to pulse steroids/IVIG = rituximab as
a reference point for further studies and clinical trials. More
importantly, our study indicates that in patients with cAMR,
noninvasive monitoring may be a safe and effective approach
to guide treatment and inform on long-term outcomes. Further
studies are needed to determine whether enhanced multimo-
dality utilizing noninvasive tests combining kidney function,
DSA, donor-derived cell-free DNA, and peripheral blood gene
expression profiling can aid in optimization of immunosup-
pression and graft survival in patients with cAMR.!"?
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