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INTRODUCTION

A
ctive and chronic active antibody-mediated rejec-
tion (ABMR) are major causes of allograft loss

after kidney transplantation.1 There is no standard
treatment approach for ABMR, but intravenous
immunoglobulin (IVIG), steroids, and targeted B-cell
therapies have been found to have relative success
in reducing allograft injury and preserving
function.2–4,S1 In contrast, outcomes for patients with
refractory or resistant, chronic active ABMR (cABMR)
are generally poor with limited success reported with
the addition of bortezomib, eculizumab, or IVIG and
rituximab to the standard of care.S2–S4 Patients with re-
fractory cABMR also require more intensive posttreat-
ment monitoring. Renal biopsies remain the gold
standard for diagnosis and therapeutic guidance, but
longitudinal histologic data are limited in the studies
of cABMR.5,6 Therefore, examining patients receiving
prolonged treatment with comprehensive histologic
assessment may yield valuable information for manag-
ing refractory rejection. In this study, we followed pa-
tients with refractory cABMR who required multiple
follow-up biopsies and courses of treatment in the first
year of diagnosis. We describe the clinical course of
International Reports (2021) 6, 1397–1401
circulating donor-specific antibody (DSA), allograft pa-
thology, and kidney function in patients with refrac-
tory cABMR.
RESULTS

Patient Characteristics

Participants (n ¼ 8) were 40 � 14.5 years old with a
mean transplant-to-index biopsy interval of 4.4 � 3.7
years. A total of 3 participants (38%) had a history of
rejection. Additional patient characteristics can be
found in the Supplementary Materials (Tables S1 and
S2). Kidney function was evaluated using serum
creatinine, blood urea nitrogen, estimated glomerular
filtration rate (eGFR), and urine protein creatinine ratio
(Figure S1). There were no significant changes in kid-
ney function during the 1-year study. The average
change in eGFR in 1 year was –4.3 � 12.8. The most
recent values for serum creatinine and eGFR were also
evaluated for patients with a viable graft. No signifi-
cant differences were noted between serum creatinine
and eGFR at index biopsy and the most recent values
(interval from index biopsy 1.8–4.3 years). One patient
lost their graft approximately 9 months after index
biopsy. Another patient developed a polyomavirus BK
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Figure 1. Changes in DSA across the first year after cABMR diagnosis. The MFI of (a) class II DSA, (b) class I DSA, and (c) total DSA was
evaluated by Luminex at the time of index, 3-month, 6-month, and 12-month biopsies. There was a decrease in class II DSA (P ¼ 0.02) and total
DSA (P ¼ 0.03) in the course of the follow-up period at 3-month, 6-month, and 12-month biopsies compared with the index biopsy. Class I DSA
resolved by 3 months posttreatment, but it was not statistically significant owing to the small sample size. MFI values for patient 2 are missing at
6 and 12 months (designated by X) owing to the decline in graft function, but the patient remained positive for class II DSA until the graft was
lost. Data were evaluated for normality using the D’Agostino and Pearson tests and then analyzed using the ANOVA mixed effects test with
significance designated as #P # 0.05. Follow-up with Student’s t test is found with significance designated as *P < 0.05 (compared with index
biopsy). Data are expressed as the mean � SD. ANOVA, analysis of variance; cABMR, chronic active antibody-mediated rejection; DSA, donor-
specific antibody; MFI, mean fluorescence intensity; SD, standard deviation.
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virus infection, which resolved, and no other infectious
complications were noted. Beyond the 1-year follow-up
period, 1 additional patient lost their allograft owing to
rejection approximately 17 months after index biopsy.
Treatment of Refractory cABMR

After confirmation of cABMR, patients were treated
with IVIG, corticosteroids, and rituximab.S5 Persistent
rejection after each biopsy was treated primarily with
IVIG and corticosteroids (Table S3).
1398
Early Reduction in Total and Class II DSA

There was a reduction in circulating class II DSA
(P ¼ 0.02) (Figure 1). Specifically, there was a
decrease in class II DSA between index and follow-up
biopsies at 3 (5845 � 5366 vs. 2731 � 4172, P ¼ 0.03),
6 (5845 � 5366 vs. 1415 � 2457, P ¼ 0.03), and 12
months (5845 � 5366 vs. 1394 � 2956, P ¼ 0.04)
(Figure 1a). In all but 3 patients, class II DSA resolved
completely after the first round of treatment. This
was reflected in a reduction in total circulating DSA
(P ¼ 0.02) (Figure 1c). Compared with index biopsy,
Kidney International Reports (2021) 6, 1397–1401



Figure 2. Changes in acute histopathology within 1 year of diagnosis. Graft pathology was evaluated using the Banff 2017 criteria at index, 3-
month, 6-month, and 12-month posttreatment biopsies. There was a significant change in the (c) mvi (P ¼ 0.03) and (d) C4d (P ¼ 0.03) scores
over the follow-up period by ANOVA. Independent t test revealed a significant reduction in the mvi score (P ¼ 0.05) at 12 months when
compared with index biopsy. There were no significant differences in the mvi score at 3 months (P ¼ 0.8) or 6 months (P ¼ 0.4) after index
biopsy. No differences were also detected between the (a) g (P ¼ 0.2), (b) ptc (P ¼ 0.07), (e) i (P ¼ 0.4), or (f) t scores (P ¼ 0.8). C4d scores
between index biopsy and subsequent follow-up biopsies. Missing values for patient 2 are due to graft loss and are designated with an X. Data
were evaluated for normality using the D’Agostino and Pearson tests and then analyzed using the ANOVA mixed effects test or Friedman test
with significance designated as #P # 0.05. Follow-up with Student’s t or Wilcoxon test is found with significance designated as *P # 0.05. Data
are expressed as the mean � SD. ANOVA, analysis of variance; SD, standard deviation.
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total DSA was reduced at 3 (6093 � 5424 vs. 2731 �
4172, P ¼ 0.04), 6 (6093 � 5424 vs. 1415 � 2457, P ¼
0.03), and 12 months (6093 � 5424 vs. 1394 � 2956,
P ¼ 0.04) (Figure 1c). Class I DSA resolved between
index and the 3-month follow-up, but this was not
statistically significant (Figure 1b).

Delayed Improvement in Acute Histopathology

Acute allograft pathology (glomerulitis [g], peritubular
capillaritis [ptc], sum microvascular inflammation [mvi],
C4d, interstitial inflammation [i], tubulitis [t]) was
evaluated at each biopsy (Figure 2). We observed sig-
nificant reductions in mvi (P ¼ 0.03) and C4d (P ¼
0.03) scores by analysis of variance. There were no
statistically significant differences between the mvi
score at index and at 3 (3.8 � 1.4 vs. 3.6 � 1.4, P ¼ 0.8)
or 6 months (3.8 � 1.4 vs. 3.1 � 1.6, P ¼ 0.4); however,
the improvement in mvi became significant at 12
months (3.8 � 1.4 vs. 2.3 � 1.1, P ¼ 0.05) (Figure 2c).
No other significant differences in acute pathology
were observed. No significant correlations between
Kidney International Reports (2021) 6, 1397–1401
changes in DSA, acute histopathology, and renal
function were observed.

Chronic lesions (interstitial fibrosis [ci], tubular at-
rophy [ct], vascular fibrosis intimal thickening [cv],
glomerular basement membrane double contours [cg],
arteriolar hyalinosis [ah], and mesangial matrix
expansion [mm]) were also evaluated. Chronic lesions
neither progressed nor improved with treatment in the
course of 12 months (Figure S2).
DISCUSSION

In this case series of 8 patients undergoing treatment
and sequential biopsies for refractory cABMR, we
observed significant reductions in circulating DSA and
C4d before improvements in microvascular inflamma-
tion. Chronicity scores and kidney function remained
stable in patients with viable grafts. One patient lost
their graft owing to ongoing rejection during the 1-
year follow-up period. Our data suggest that modest
improvements in histopathology may be delayed
1399
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relative to declining DSA after prolonged treatment;
however, this approach may not be sufficient to ach-
ieve resolution of refractory cABMR.

There are no approved therapeutics for refractory
cABMR, and many studies exploring treatment mo-
dalities consist of a limited number of biopsies; so the
histologic response is not well documented.S1–S4 In this
cohort, we observed improvements in C4d staining at 3
months, which coincided with a reduction in circu-
lating levels of class II and total DSA. The role of DSA
in the management of ABMR is complex, but a
reduction in circulating levels is generally indicative of
a reduction in antibody-mediated injury.S6,S7 Studies
with similar therapeutic approaches have also reported
reductions in class II DSA paired with improvement in
renal function or graft survival, but follow-up sur-
veillance biopsies were not performed in these
studies.3,7 We did not observe changes in overall kid-
ney function in the first year of diagnosis or in the most
recent laboratory values from this cohort; however, the
patient with the lowest eGFR at index biopsy (26 ml/
min per 1.73 m2) was also the only patient to lose their
allograft during the 1-year follow-up period. Since
then, 1 additional patient, who demonstrated the
greatest decline in eGFR, has also required a retrans-
plant. Although we were unable to establish a clear
correlation between changes in eGFR, DSA, and histo-
pathology, these observations potentially support the
use of eGFR in future studies of refractory ABMR.

We observed improvements in microvascular
inflammation 1 year after diagnosis. Microcirculation
inflammation is an important predictor of outcomes in
renal transplant recipients.8,9 Patients in this study
demonstrated persistent allograft inflammation and
required additional treatment but eventually had
modest histologic improvement. The delay between
improvements in DSA and C4d-staining and microcir-
culation inflammation suggests that high-intensity im-
mune responses in refractory ABMR may require more
time and therapy to resolve. We also evaluated chronic
allograft injury and observed no significant changes in
chronicity scores over the course of the study.S8 Mul-
ley et al.S4 also reported that patients with cABMR and
persistent peritubular capillaritis had improved allo-
graft survival when given high-dose IVIG (1 g/kg per)
and a single dose of rituximab (500 mg).S4 It is difficult
to interpret the impact of our treatment approach on
allograft survival given the short follow-up time.
Finally, we observed only a single infectious compli-
cation in our study, which resolved. These preliminary
observations suggest that the risk of infections in
similar patients may be low as long as appropriate
prophylaxis is provided. Though limited by its small,
observational nature and short duration, this study
1400
provides the critical information that in patients with
refractory cABMR, declining DSA precedes improve-
ments in histopathologic evidence of disease activity;
however, resolution of cABMR was not observed,
suggesting that new methods for addressing refractory
immune processes are needed.
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