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 Background: Antibody-mediated rejection (AMR) presents with diverse clinical manifestations and can have a potential neg-
ative impact on graft function and survival. If not treated successfully, AMR can lead to 20-30% graft loss af-
ter 1 year. Little is known about the efficacy of AMR treatment, and the most appropriate therapeutic strate-
gy has not yet been determined. This study evaluated the effects of AMR treatment with plasmapheresis (PP) 
and intravenous immunoglobulin (IVIG) on renal function, intensity of anti-HLA antibodies, and graft biopsy 
morphology.

 Material/Methods: This single-center retrospective cohort study included renal transplant recipients with biopsy-proven AMR who 
were treated with PP and/or IVIG. Clinical findings, mean fluorescence intensity of donor-specific anti-HLA an-
tibodies (DSA), and graft histology findings, classified according to Banff score at the time of AMR and 6 and 
12 months later, were evaluated.

 Results: Of the 42 patients who met the inclusion criteria, 38 (90.5%) received IVIG and 26 (61.9%) underwent PP. At 
AMR diagnosis, 36 (85.7%) patients had proteinuria, with their estimated glomerular filtration rate remain-
ing stable during follow-up. During the first year, 8 (19.0%) patients experienced graft failure, but none died 
with a functioning graft. Reductions in the class I panel of reactive antibodies were observed 6 and 12 months 
after AMR treatment, with significant reductions in DSA-A and -B fluorescence intensity, but no changes in 
DSA-DQ. Graft biopsy showed reductions in inflammation and C4d scores, without improvements in microvas-
cular inflammation.

 Conclusions: AMR treatment reduced biopsy-associated and serological markers of AMR, but did not affect DSA-DQ.
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Background

About 6.7% of kidney transplant recipients experience anti-
body-mediated rejection (AMR) [1]. If not successfully treated, 
an estimated 20-30% of patients with AMR experience allograft 
loss within 1 year [2]. The main antigenic targets of AMR are 
the human leukocyte antigens (HLAs), molecules expressed at 
the surface of nucleated cells with allorecognition function [2]. 
Previous exposure to foreign HLAs, such as during pregnancy, 
blood transfusion, or transplantation, can elicit the production 
of anti-HLA antibodies, increasing the risk of AMR following 
kidney transplantation [1,2]. In addition to preformed donor-
specific anti-HLA antibodies (DSA), de novo DSA can emerge at 
any time after transplantation, often as a result of insufficient 
immunosuppression or non-adherence to immunosuppressive 
therapy [3]. Besides the HLA, autoantigens expressed by en-
dothelial cells, such as major histocompatibility complex class 
I polypeptide-related chain A (MICA), and agonistic angioten-
sin II type 1 receptor antibodies, can also elicit antibody pro-
duction, which can result in later rejection and graft loss [1,3].

The presence of DSA is a crucial component for the diagnosis 
of AMR in kidney transplant recipients [3]. DSA can be detect-
ed by 2 methods: cell-based tests, including complement-de-
pendent lymphocytotoxicity and flow cytometric crossmatch 
assays; and solid-phase tests, including enzyme-linked immu-
nosorbent assays and multianalyte single-bead tests by flow 
cytometry or Luminex assays [2]. Furthermore, the diagnosis 
of AMR requires biopsy evidence of current or recent antibody-
vascular endothelium interaction, with identification of tissue 
deposits of C4d, a digestion product of the complement com-
ponent C4, and evidence of microvascular inflammation (MVI) 
and/or macrovascular lesions [3]. C4d deposits can be detect-
ed by immunoperoxidase and immunofluorescence assays [3], 
whereas graft MVI can be detected histologically by capillary 
dilatation, endothelial cell cytoplasmic swelling or enlarge-
ment, and vacuolization. Macrovascular lesions present with 
severe intimal arteritis and monocytic and lymphocytic inflam-
mation of the intima, with or without transmural necrosis [3].

AMR is a disease process with a continuum of severity, vary-
ing from subclinical indolent microvascular abnormalities to 
chronic damage, dysfunction, and graft loss [3]. The aims of 
AMR treatment are the removal of harmful alloantibodies from 
the circulation, with plasmapheresis (PP) or immunoadsorp-
tion; and the modulation of components of acquired and in-
nate immunity, by treatment with intravenous immunoglobu-
lin (IVIG), the anti-CD20 antibody rituximab, the proteasome 
inhibitor bortezomib, the anti-C5 antibody eculizumab, or sple-
nectomy [1,4]. PP promptly removes formed antibodies and is 
associated with an 80–90% reversal of AMR and 80% graft sur-
vival at 18 months [2], whereas IVIG is potentially useful due to 
its immunomodulatory effects [1]. The monoclonal anti-CD20 

antibody rituximab binds to the surface of precursor and ma-
ture B cells, resulting in transient B cell depletion [1]. PP and 
IVIG, with or without rituximab, are considered standard treat-
ments of acute AMR [5,6], with The Transplantation Society 
(TTS) recommending that AMR be treated with PP, IVIG, and 
steroids, followed, if necessary, by adjuvant therapy with ritux-
imab [6,7]. The addition of rituximab to PP plus IVIG has been 
associated with a more significant reduction in DSA and im-
proved graft survival [5,7,8]. In contrast, a systematic review 
[9] and another multicenter prospective trial [10] showed that 
the addition of rituximab had no benefit in patients with AMR. 
Therefore, despite its widespread use, rituximab-associated B 
cell depletion has not shown proven benefit in the treatment 
of AMR [6]. Moreover, targeting of antibody-producing plas-
ma cells with the proteasome inhibitor bortezomib did not 
improve histology, molecular signatures, or DSA levels in pa-
tients with AMR, but had significant toxicity [6]. In contrast, 
the addition of an alternative irreversible proteasome inhibi-
tor, carfilzomib, to IVIG and PP was found to reduce DSA lev-
els with a favorable toxicity profile [11]. Small studies showed 
that complement inhibitors had limited efficacy in AMR treat-
ment, with no or only minor clinical effects [11]. Other emerg-
ing therapeutic strategies are currently under investigation, 
such as the anti-interleukin 6 monoclonal antibody tocilizum-
ab, but little progress has been made in the development of 
effective AMR therapies [6].

High quality data on interventions and drugs for the treatment 
of AMR are lacking [6,12], and the most appropriate therapeu-
tic strategy remains undetermined. This retrospective study 
analyzed the effects of treatment with PP and/or IVIG on clin-
ical outcomes, the intensity of anti-HLA antibodies, and the 
morphological characteristics of biopsy specimens in patients 
with AMR during the first year after treatment.

Material and Methods

This single-center retrospective study included renal transplant 
recipients aged >18 years at the time of transplantation who 
were treated for biopsy-proven AMR. AMR was diagnosed by 
the presence of microvascular injury in the graft biopsy and 
the presence of DSA in peripheral blood. Patients were exclud-
ed if they were aged <18 years, lacked DSA, or lacked histo-
logical confirmation of AMR. The endpoints of the study were 
renal function, the mean fluorescence intensity of DSA, and 
graft biopsy morphology at AMR and after treatment. The study 
protocol was approved by the University of Campinas Ethics 
Committee (CAAE: 51485415.6.0000.5404), which waived the 
requirement for informed consent due to the retrospective 
design of this study and the non-identification of the partici-
pants. The choice of AMR treatment was based on clinical in-
dication and available therapy.
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All transplant recipients were HLA-typed and screened for an-
ti-HLA antibodies with solid-phase tests, as previously de-
scribed [13,14]. HLA was typed by polymerase chain reaction 
(PCR) amplification of genomic deoxyribonucleic acid (DNA) 
samples, and anti-HLA antibodies were screened with solid-
phase tests (LABScreen™ Single Antigen HLA Class I LS1A04 
and LABScreen™ Single Antigen HLA Class II LS2A01). All in-
cluded kidney transplant recipients were negative for both T- 
and B cell complement-dependent cytotoxicity crossmatch at 
the time of transplant. The study included recipients who re-
ceived grafts from standard and expanded criteria donors, ac-
cording to the criteria of the United Network for Organ Sharing 
(UNOS) [15].

Immunosuppression was induced in recipients from standard 
kidney donors and those with low immunological risk, defined 
as <30% panel-reactive antibodies (PRA) and the absence of 
DSA, by administration of the monoclonal anti-IL-2 receptor 
antibody basiliximab (20 mg IV) on the day of transplantation 
and on the fourth-day post-transplantation, or anti-thymocyte 
globulin (3 mg/kg) on the day of transplantation. Induction 
therapy in recipients of kidneys from expanded criteria do-
nors, non-identical HLA living donors, and donors with high 
immunological risk (PRA >50% or presence of DSA) consisted 
of anti-thymocyte globulin (4.5 to 7 mg/kg IV), dose-adjusted 
by total lymphocyte count. Some recipients of organs from liv-
ing donors did not receive immunosuppressive induction ther-
apy due to national and regional laws. All recipients received 
pulse corticosteroid therapy with methylprednisolone 500 mg 
IV at the time of transplantation and were maintained on pred-
nisone £10 mg/day during follow-up. Maintenance immuno-
suppression consisted of tacrolimus 0.1 mg/kg bid, dose-ad-
justed according to blood levels, and sodium mycophenolate 
720 mg bid, adjusted according to body surface area, gastro-
intestinal tolerance, and peripheral blood white and red cell 
counts. None of the included patients received a desensitiza-
tion protocol before transplantation.

Rejection was suspected in patients who showed a >20% in-
crease in serum creatinine concentration from baseline or 
new-onset proteinuria, and was confirmed by allograft biop-
sy, according to the Banff 2013 classification [16]. Grafts were 
biopsied through percutaneous access under real-time ultra-
sound guidance. All samples were analyzed by light microsco-
py, immunofluorescence, and electron microscopy. Two expe-
rienced renal pathologists routinely screened C4d deposits in 
peritubular capillaries by peroxidase staining [17]. The diag-
nosis of AMR required the detection of compatible histological 
findings and the presence of DSA. The descriptions of graft bi-
opsies, according to Banff 2013 classifications, were available 
in patients’ medical records; the tissue samples were not re-
viewed for this study. The protocol for AMR treatment consist-
ed of 5–7 sessions of PP, with a 48-h interval between sessions 

when patients received IVIG 100 mg/kg/day. After the last PP 
session, the patients received IVIG over 3 to 4 days to a final 
total dose of 2 g/kg, with a tacrolimus trough blood level of 
6–8 ng/dL and a full dose of an antiproliferative drug during 
treatment and follow-up, according to each patient’s clinical 
conditions and tolerability. If allograft biopsy showed a mixed 
pattern, with associated cellular acute rejection, patients cat-
egorized as Banff 1A received an additional pulse of methyl-
prednisolone 500 mg IV for 3 days, whereas those categorized 
as Banff 1B or higher received 6 mg/kg anti-thymocyte globu-
lin. Treatment response in most patients was assessed by clin-
ical evaluation, histological findings on post-treatment control 
graft biopsies, and DSA screening 1 month after treatment 
and every 3 months subsequently. Patients with persistently 
elevated DSA MFI or worsening of histological findings were 
preferentially treated with IVIG 2 g/kg. The study included a 
period during which this standard of care had not been fully 
established; thus, some patients included in the analysis did 
not receive the described treatment. Of these, some received 
only IVIG 2 g/kg, and others were treated with thymoglobulin 
or by adjustment of maintenance immunosuppressive therapy.

Clinical and laboratory data were retrospectively collected from 
patients’ medical records and the Renal Transplant Program 
databases at the time of AMR and 6 and 12 months after 
treatment, using a Microsoft Excel worksheet. The prima-
ry outcomes were (a) allograft function, estimated using the 
study equation of the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) [18], and proteinuria, as determined by 
protein/creatinine ratio in urine samples; (b) the presence and 
mean fluorescence intensity of DSA, according to solid-phase 
assay detection and measurement; and (c) graft biopsy score 
according to the revised 2015 Banff criteria [19].

Statistical	analysis

Numerical data were expressed as the mean±standard devia-
tion, median and range, or number and percentage. Continuous 
variables were compared by unpaired t-tests and Mann-Whitney 
U-tests, whereas categorical variables were compared by 
Pearson c2 tests. All statistical analyses were performed using 
GraphPad Prism 7.0c™ for Mac (La Jolla CA, USA), with p<0.05 
considered statistically significant.

Results

Forty-two patients, 22 (52.4%) men and 20 (47.6%) women, 
of mean age 36.4±12.6 years, fulfilled the inclusion criteria, 
with 19 (45.2%) having chronic glomerulonephritis of unknown 
etiology. Analysis of the pre-transplant sensitizing risk fac-
tors showed that 22 (52.4%) patients had received a previous 
blood transfusion and 9 (45%) of the women had previously 
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been pregnant. Eight (19%) patients had preformed DSA, and 
16 (38.1%) had preformed non-DSA. Thirty-seven (88.1%) 
kidneys were from deceased donors, with a mean KDPI in-
dex of 43.1±28.8 and a mean 3.9±1.1 mismatches in HLA-A, 
-B, and -DR. Immunosuppressive induction therapy consist-
ed of monoclonal anti-IL-2 receptor antibodies in 22 (52.4%) 
patients and anti-thymocyte globulin (mean dose, 5.8±1.2 
mg/kg) in 16 (38.1%). AMR treatment consisted of IVIG in 38 
(90.5%) patients and PP in 26 (61.9%) (Table 1). Thirteen pa-
tients (31.0%) received only IVIG 2 g/kg, and 3 (7.1%) were 
treated with thymoglobulin or adjustment of maintenance im-
munosuppressive therapy.

AMR was diagnosed a median 27.2 months (range 0.3 to 213 
months) after transplantation. Proteinuria was observed in 36 
(85.7%) patients at AMR diagnosis, with mean concentrations 
of 2.1±3.1 g/g at diagnosis and 1.0±0.9 g/g at the end of follow-
up (Table 2). Estimated glomerular filtration rate did not change 

significantly during follow-up. Eight (19.0%) patients exhibit-
ed graft failure, occurring a mean 4.6±3.2 months after AMR 
treatment, including 5 (62.5%) within the first 6 months. All of 
these patients had been treated with IVIG and PP. Two present-
ed only with class I DSA (DSA-A 4024 to 13 356 MFI), 3 with only 
class II DSA (DSA-DQ 3400 to 22 327 MFI), 2 with both DSA-A 
(3084 to 5000 MFI) and DSA-DQ (7500 to 21 246 MFI) and 1 
with both DSA-B (1582 MFI) and DSA-DQ (12 575 MFI). There 
were no deaths with functioning grafts during the first year.

At AMR diagnosis, 18 (42.8%) patients presented with only class 
II DSA, 11 (26.2%) with only class I, and 13 (31.0%) with both 
classes I and II. The immunodominant DSA mean fluorescence 
intensity (MFI) ranged from 945 to 24 883, with a class I DSA 
sum of 4074±5257 MFI and a class II DSA sum of 16 248±15 
612 MFI (Table 2). Six months after treatment, 37 (88.1%) pa-
tients had functioning grafts, with a mean class I DSA sum of 
2453±3524 MFI and a mean class II DSA sum of 19 780±15 
260 MFI. Mean class I PRA decreased from 41.8±33.3% at di-
agnosis to 21.1±21.7% after 6 months of treatment (p=0.01), 
whereas class II PRA did not change significantly. The reduc-
tion of class I PRA continued throughout follow-up, reaching 
16.8±17.6% at the end of the first year (p<0.05). DSA remained 

Transplant recipientes

Total, n 42

Age (years)  36.4±12.6

Male, n (%)  22 (52.3)

Etiology of CKD (%)

 Chronic glomerulonephritis  19 (45.2)

 Unknown  12 (28.6)

 Systemic arterial hypertension  4 (9.5)

 Diabetes mellitus  1 (2.4)

 Others  6 (14.3)

Transfusions pre transplant, n (%)  22 (52.4)

Previous transplantation, n (%)  5 (11.9)

Women with pre transplant 
pregnancies, n (%)

 9 (45.0)

HLA ABDR Mismatches  3.9±1.1

Pre transplant Class I PRA (%)  14.6±25.2

Pre transplant Class II PRA (%)  11.1±25.2

Preformed DSA, n (%)  8 (19.0)

Preformed non-DSA, n (%)  16 (38.1)

Donors

Deceased donors, n (%)  37 (88.1)

Age (years)  34.9±14.9

Male, n (%)  21 (50.0)

Expanded criteria donors (%)  6 (14.3)

Serum creatinine (mg/dl)  1.3±1.1

KDPI index (%)  43.1±28.8

Table 1.  General characteristics of the kidney transplant recipients who underwent treatment for biopsy-proven antibody-mediated 
rejection (AMR).

Transplantation

Initial immunosuppressive therapy

 Antithymocyte (%)  16 (38.1)

 Antithymocyte dose (mg/kg)  5.8±1.2

 IL-2 receptor (%)  22 (52.4)

Cold ischemia (hours)  21.2±6.5

DGF, n (%)  10 (23.8)

Antibody-mediated rejection

Time post-transplant (months)  27.2 (0.3–213.0)

 AMR £24 months, n (%)  19 (45.2)

 AMR >24 months, n (%)  23 (54.8)

CNI at diagnosis, n (%)  32 (76.2)

IVIG, n (%)  38 (90.5)

PP, n (%)  26 (61.9)

Antithymocyte, n (%)  8 (19.0)

Steroid pulse therapy, n (%)  17 (40.5)

n – number; CKD – chronic kidney disease; HLA – human 
leukocyte antigen; PRA – panel reactive antibody; DSA – donor 
specific anti-HLA antibody; KDPI – kidney donor profile index; 
DGF – delayed graft function; AMR – antibody-mediated 
rejection; CNI – calcineurin inhibitor; IVIG – intravenous 
immunoglobulin; PP – plasmapheresis.
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detectable in 18 (51.4%) patients with functioning grafts at 
the end of follow-up; all were treated with IVIG and 11 (61.1%) 
with PP, and 15 (83.3%) presented with class II DSA (Table 2). 
DSA-A intensity decreased significantly, from 7198±4982 MFI 
at AMR diagnosis to 2988±4118 MFI at the end of follow-
up (p=0.03), as did DSA-B intensity, from 5254±2761 MFI to 

1401±1742 MFI (p=0.04). Only 3 patients were positive for de-
tectable DSA-DR at the diagnosis of AMR, with intensities low-
er than 3500 MFI, but DSA-DR became undetectable 6 months 
after treatment. DSA-DQ intensity, which was 23 520±13 597 
MFI at AMR diagnosis, was similar, at 21 2878±14 658 MFI, 
after 12 months (p=0.60).

At AMR
 6 months after 

treatment
p*

12 months after 
treatment

p**

Patients with functioning graft, 
n (%)

 42 (100.0)  37 (88.1)  35 (83.3)

Class I PRA (%)  41.8±33.3  21.1±21.7 <0.01#  16.8±17.6 <0.01#

Class II PRA (%)  54.7±34.7  58.7±28.3 0.63#  51.8±32.5 0.75#

DSA, n (%)  42 (100.0)  21 (56.7)  18 (51.4)

 Only class I DSA  11 (26.2)  2 (9.5) 0.28##  3 (16.7) 0.24##

 Only class II DSA  18 (42.8)  12 (57.1) 0.76##  9 (50.0) 0.35##

 Class I and II DSA  13 (31.0)  7 (33.4)  6 (33.3)

DSA SUM  20,427±16,329  23,558±15,170 0.46#  21,217±14,874 0.86#

 Class I DSA SUM  4,074±5,257  2,453±3,524 0.19#  2,009±2,249 0.13#

  DSA A SUM  7,198±4,982  4,537±3,621 0.12#  2,988±4,118 0.03#

  DSA B SUM  5,254±2,761  1,401±1,742 0.04#  1,124±1,590 0.07#

 Class II DSA SUM  16,248±15,612  19,780±15,260 0.39#  18,975±15,455 0.54#

  DSA DR SUM  2,778±947  0±0 <0.01#  0.0±0.0 <0.01#

  DSA DQ SUM  23,520±13,597  23,386±13,471 0.97#  21,2878±14,658 0.60#

Immunodominant DSA MAX 13,588 (945.0–24,883) 19,662 (1,400–24,647) 0.29@ 14,968 (1,400–22,859) 0.74@

Class I Non-DSA@@  7.4±8.4  3.6±4.2 0.04#  1.8±2.1 <0.01#

Class II Non-DSA@@  2.7±2.4  2.3±2.2 0.55#  2.0±1.9 0.27

SCr, mg/dL  3.1±1.9  2.8±1.3 0.90#  2.9±1.5 0.93#

eGFR (CKD-EPI), mL/min  30.3±17.8  32.8±18.3 0.59#  31.9±20.0 0.75#

UPC, g/g  2.1±3.1  1.4±1.9 0.35#  1.0±0.9 0.15#

UPC < 0.15 g/g  6 (14.3)  7 (18.9) 0.99##  7 (20.0) 0.99##

Urinalysis, n (%)

 Red cells  2 (4.8)  0 (0.0)  0 (0.0)

 Leukocytes  13 (30.9)  4 (9.5) 0.20##  4 (9.5) 0.20##

 Protein  23 (54.8)  18 (42.8) 0.88##  14 (33.3) 0.42##

Tacrolimus blood level (ng/mL)  5.3±3.1  5.7±1.8 0.49#  5.6±1.9 0.62#

Table 2. Immunopathology and kidney function at diagnosis of antibody-mediated rejection (AMR) and after treatment.

AMR – acute mediated rejection; PRA – panel reactive antibody; DSA – donor specific antibody; SCr – serum creatinine; 
eGFR – estimated glomerular filtration rate; CKD-EPI, UPC – urine protein-to-creatinine ratio. * Compared to that presented at AMR; 
** compared to that presented at AMR; # unpaired t-test; ## Chi-square test; @ Mann-Whitney test; @@ number of Non-DSA with mean 
fluorescence intensity higher than 1,500.
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AMR treatment resulted in a significant reduction in class I DSA 
(-A and -B) MFI during the first year after therapy (Figure 1). 
Because most (74.1%) of these patients were treated with both 
IVIG and PP, it was not possible to compare the effects of these 
2 treatments on DSA dynamics. DSA-DR was detectable in only 
3 patients with AMR, becoming undetectable after 6 months of 
follow-up in 2, 1 treated with IVIG and PP and 1 with an adjust-
ment of maintenance immunosuppression. Of the 30 patients 
who presented with DSA-DQ at AMR diagnosis, 20 (66.7%) re-
ceived IVIG and PF, 9 (30%) received IVIG alone, and 1 (3.3%) 
had no specific treatment. None of these patients showed sig-
nificant changes in DSA MFI throughout follow-up (Figure 1).

Post-treatment graft biopsies showed significant reductions 
in inflammation score, from 1.0±0.8 to 0.5±0.6 (p<0.05), and 
in C4d deposit score, from 2.2±1.0 to 1.4±1.2 (p<0.05), with-
out significant changes in other parameters (Table 3). Electron 
microscopy showed no changes in immune complex deposits, 
podocyte effacement, or glomerular basement membrane du-
plication when post-treatment biopsies were compared with 
biopsies at AMR diagnosis (Table 3). The 23 (54.8%) patients 
with biopsy-proven AMR more than 2 years after transplanta-
tion showed significantly higher scores for glomerular sclerosis, 

tubulitis (t), peritubular capillaritis (ptc), microvascular inflam-
mation (MVI), and C4d and interstitial fibrosis (ci) when com-
pared with patients with AMR £2 years after transplantation 
(p<0.05); there were no significant differences in other param-
eters tested. Following treatment, these patients showed re-
ductions in inflammation, tubulitis, and C4d scores (Table 3).

Discussion

The development of an effective treatment protocol for AMR 
is necessary to improve graft and patient survival, but limited 
information is available about the immunophenotypic changes 
that occur after current AMR treatments. PP and immunoad-
sorption directly remove IgG from serum, but subsequent re-
equilibration occurs between the blood and interstitium with-
in 48 h, after which other antibody removal processes may 
be effective [20]. This may explain the inefficiency of some 
treatment protocols in the removal of DSA. According to cur-
rent recommendations for AMR treatment, PP was performed 
in our patients with a 48-h interval between sessions to in-
crease the efficacy of the method, as the effect of additional 
therapy remains unclear [6,7].
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Figure 1.  Dynamics of mean fluorescence intensity (MFI) of donor-specific anti-HLA antibodies (DSA) after the treatment of antibody-
mediated rejection (AMR) with intravenous immunoglobulin (IVIG) and/or plasmapheresis (PP).
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Another option for AMR treatment is IVIG, possibly due to its 
ability to neutralize DSAs and inhibit the binding of DSA to 
target cells in about 80% of patients [1]. The IVIG molecules 
prevent complement binding or activation, leading to suppres-
sion of DSA production [21]. IVIG also inhibits mixed lympho-
cyte reactions and induces apoptosis, mainly in B cells, reduc-
ing the numbers of B cells and monocytes, as well as reducing 
CD19, CD20, and CD49 expression by B cells, thereby modu-
lating B cell signaling [1]. Multiple retrospective studies have 
reported the use of IVIG in kidney transplant recipients with 
AMR, with daily doses ranging from 100–500 mg/kg until re-
sponse, to a maximum of 2 g/kg, whether administered as a 
single dose or over several days [2]. Reactions to IVIG can oc-
cur within 30 min after the beginning of infusion, and mild 
reactions are often well managed by reducing the infusion 
rate [2]. Thrombosis, hemolytic anemia, renal failure, and septic 
meningitis are possible adverse events of IVIG [2]. In the pres-
ent study, 2 patients experienced self-limiting headaches dur-
ing IVIG infusion, with no severe adverse events at follow-up. 

Although agents directly inhibiting B cell immunity, including 
rituximab and IVIG, are frequently used to treat AMR, there 
is limited information on their effectiveness in reversing al-
lograft injury, in reducing DSA generation, and in predicting 
graft survival [22].

In this series, graft survival was >80% during the first year af-
ter AMR diagnosis. No patient with a functioning graft died 
during this period, and none had severe infection episodes 
requiring hospitalization after treatment. AMR treatment sig-
nificantly reduced the MFIs of class I DSAs, without changing 
DSA-DQ MFI. This finding showed that treatment was ineffec-
tive in reducing the MFI of antibodies in patients with AMR 
related to DSA-DQ, highlighting the need to develop more ef-
fective adjunctive therapies for these patients. Treatment also 
significantly reduced tissue inflammation and C4d scores. The 
clearance of C4d from the tissue often occurred after the end 
of antibody response. Moreover, C4d is frequently lost as ear-
ly as 8 days after treatment [1], similar to our findings. There 

General AMR £24 months post-Tx AMR >24 months post-Tx

At 
AMR

After 
treatment

p
At 

AMR
After 

treatment
p

At 
AMR

After 
treatment

p

Number of graft biopsies, n (%)  42 (100.0)  30 (71.4)  19 (100.0)  10 (52.6)  23 (100.0)  20 (66.7)

Time (months) 39.6±43.8* 2.4±3.0** 6.7±7.2 2.9±3.4 66.9±42.7 2.2±2.9

Glomerular sclerosis (%) 11.0±20.7 16.4±21.9 0.29# 2.8±4.8 1.8±5.5 0.60# 17.8±26.0 23.8±23.5 0.44#

Banff score

 i (0 to 3) 1.0±0.8 0.5±0.6 <0.01# 0.8±0.7 0.7±0.7 0.22# 1.3±0.9 0.6±0.6 <0.01#

 t (0 to 3) 1.0±0.9 0,7±0.9 0.15# 0.7±0.9 1.0±1.3 0.45# 1.3±0.9 0.5±0.6 <0.01#

 v (0 to 3) 0.1±0.4 0.0±0.0 0.16# 0.2±0.6 0.0±0.0 0.36# 0.1±0.3 0.0±0.0 0.32#

 g (0 to 3) 1.1±0.8 0.8±1.0 0.25# 0.8±0.8 0.4±0.5 0.16# 1.3±0.8 1.0±1.2 0.38#

 ptc (0 to 3) 1.6±1.0 1.3±0.9 0.15# 1.2±1.2 1.1±1.1 0.81# 1.9±0.7 1.3±0.9 0.02#

 MVI g + ptc (0 to 6) 2.6±1.7 2.0±1.8 0.18# 1.9±1.8 1.4±1.2 0.39# 3.2±1.4 2.4±1.9 0.13#

 C4d (0 to 3) 2.2±1.0 1.4±1.2 <0.01# 1.8±1.2 1.0±1.0 0.12# 2.5±0.8 1.5±1.3 <0.01#

 ci (0 to 3) 1.0±0.9 1.4±1.0 0.17# 0.6±0.7 1.2±0.9 0.07# 1.4±0.8 1.4±1.0 0.94#

 ct (0 to 3) 1.2±0.9 1.5±0.9 0.10# 0.8±0.8 1.5±0.7 0.03# 1.5±0.8 1.5±0.9 0.93#

Electron microscopy, n (%)

 IC deposits  7 (16.7)  2 (6.2) 0.76##3 (15.8)  1 (10.0) 0.99## 4 (17.4)  2 (10.0) 0.97##

 Podocyte effacement  10 (23.8)  3 (9.4) 0.62##4 (21.0)  2 (20.0) >0.99## 6 (26.1)  3 (15.0) 0.93##

 GBM duplication  7 (16.7)  3 (9.4) 0.93##2 (10.5)  1 (10.0) >0.99## 5 (21.7)  5 (25.0) 0.99##

Table 3. Histopathological findings at diagnosis of antibody-mediated rejection (AMR) and after treatment.

AMR – antibody-mediated rejection; i – inflammation; t – tubulitis; v – intimal arteritis; g – glomerulitis; ptc – peritubular capillaritis; 
MVI – microvascular inflammation; ci – interstitial fibrosis; ct – tubular atrophy; IC – immune complex; GBM – glomerular basement 
membrane. * Time post-transplant; ** time post-AMR treatment; # unpaired t-test; ## Chi-square test.
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was no significant change in MVI, measured as the sum of 
glomerulitis and peritubular capillaritis scores, possibly due 
to the small sample size and the short follow-up. MVI scores 
in most of our patients indicated mild to moderate involve-
ment, which may have influenced the response of these pa-
rameters to treatment.

AMR was generally more severe 2 years than 1 year after kid-
ney transplantation. The greater severity at 2 years may have 
been due to the protective effect of immunosuppression on 
graft inflammation at early diagnosis of AMR. Also, although 
we did not identify patients with poor adherence to treat-
ment, this possibility cannot be totally excluded, especially in 
patients later diagnosed with AMR. Treatment was effective 
in reducing inflammation, tubulitis, and C4d scores in patients 
with more severe AMR. Despite the absence of cg scores on 
light microscopy, only 16.7% of our patients with AMR pre-
sented with glomerular basement membrane (GBM) duplica-
tion on electron microscopy.

Limitations of this study included the lack of protocol biopsy 
to identify patients with subclinical AMR and the absence of a 
control biopsy in all treated patients. This study, however, pro-
vides important clinical, laboratory, and histological informa-
tion about the impact of AMR treatment. Another limitation 

of this study was the absence of additional treatment with 
rituximab, as this agent has been associated with better out-
comes in previous studies.

Conclusions

AMR treatment with IVIG and PP resulted in a significant re-
duction of class I DSA MFI, without significantly changing DSA-
DQ MFI, during the first year of follow-up. The graft biopsies 
performed after AMR treatment showed significant reductions 
in inflammation and C4d scores, without improving microvas-
cular inflammation. Treatment did not significantly impair es-
timated glomerular filtration rate or proteinuria.
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