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ARTICLE INFO ABSTRACT

Keywords: The occurrence of acute antibody-mediated rejection (ABMR) is higher in flow cytometric crossmatch (FCXM)-
Living kidney transplantation positive patients despite desensitization. Accumulating evidence suggests a correlation between the comple-
Crossmatch ment-binding ability of donor-specific antibodies (DSAs) and the risk of ABMR. Here, we investigated the cor-
lc)ggor-speciﬁc antibody relation between complement C3d-fixing ability of preformed DSA and ABMR risk, the efficacy of a desensiti-

zation protocol for patients with C3d-fixing DSA, and the risk of ABMR in 21 DSA- and FCXM-positive patients.
We retrospectively analyzed the C3d-fixing ability and mean fluorescence intensity (MFI) of preformed DSA
before and after desensitization. Six patients had non-C3d-fixing DSA and 15 had C3d-fixing DSA. The presence
of C3d-fixing DSA before desensitization was correlated with the incidence of acute ABMR within 1 year after
transplantation (p = .04) and chronic ABMR (p = .03). Moreover, the MFI of preformed DSA differed between
responder and non-responder C3d-fixing DSA after desensitization (p < .0001). The C3d-fixing ability of pre-
formed DSA with low MFI disappeared after desensitization. These results indicate that measuring DSA C3d-

Antibody-mediated rejection

fixing ability may identify patients with a high risk of ABMR, especially before desensitization.
Clinical trial notation: UMIN Clinical Trials Registry (UMIN-CTR) number: UMIN000033449.

1. Introduction

Kidney transplantation is an important treatment for end-stage renal
disease and confers a significant survival advantage over dialysis
therapy. However, a serious shortage of organs from deceased donors
necessitates living kidney transplantation (LKT) from living donors.
Due to donor shortage, flow cytometric crossmatch (FCXM)-positive
kidneys from living donors are transplanted despite immunological
risks, which increases the survival of recipients compared to that of
patients who wait for transplants from deceased donors [1]. None-
theless, donor-specific antibody (DSA)-positive, FCXM-positive patients
have increased risk of antibody-mediated rejection (ABMR) and graft
loss following transplantation. Various desensitization protocols have
been developed to overcome this problem [2-7]; however, higher rates
of ABMR and graft loss are still observed in DSA-positive, FCXM-posi-
tive patients [8,9]. For unknown reasons, not all DSAs elicit ABMR
[10,11].

Studies have revealed a strong correlation between Clg-binding
DSA and risk of ABMR and renal allograft loss [12-16]. Clq is the first
molecule in the classic complement activation cascade and determines
the cytotoxic potential of antibodies; however, the clinical utility of C1q
assays for predicting the risk of ABMR and allograft loss is controversial
[17-19]. Another complement-binding antibody detection method
known as the C3d-detection assay has recently become commercially
available [17,18] and measures the physiological complement activa-
tion that occurs when Clq binding triggers the complement cascade.
C3d is a downstream effector of the complement pathway, whereas Clq
is the first component. Moreover, while Clq is only involved in the
classical complement pathway, C3d is generated in all three pathways
[20]. In fact, several studies have demonstrated that C3d-fixing de novo
(dn)DSAs better predict allograft rejection risk than C1q-binding dnDSA
and C4d immunolabeling [17,18]. While these reports describe the ef-
fects of complement-fixing antibodies in the context of dnDSA, there is
little information on the effect of preformed C3d-fixing antibody in pre-

Abbreviations: ABMR, antibody-mediated rejection; dnDSA, de novo donor-specific anti-human leukocyte antigen antibody; DSA, donor-specific anti-human leu-
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transplant serum [21,22].

We recently reported that in patients undergoing appropriate de-
sensitization prior to transplantation, intermediate-term outcomes of
graft survival of FCXM-positive and -negative recipients did not differ
statistically, and this was because we performed FCXM-positive LKT;
however, ABMR-free survival in FCXM-positive recipients was sig-
nificantly reduced within 90 days of kidney transplantation [23].

2. Objective

We speculated that C3d-fixing ability of preformed DSA in FCXM-
positive recipients is a significant predictor of ABMR. To test this hy-
pothesis, we investigated C3d-fixing ability of preformed DSA in FCXM-
positive patients with C3d-fixing DSA before and after desensitization
to assess the efficacy of this process in preventing acute ABMR. Our
results show for the first time that complement-fixing ability before
transplantation is an effective biomarker for acute ABMR in highly
sensitized patients.

3. Material and methods
3.1. Study population

This retrospective study included 420 consecutive patients who
received LKT between 2012 and 2016 at the Department of Urology,
Tokyo Women's Medical University Hospital. Of these subjects, 21 were
FCXM-positive with preformed DSA and were subjected to the same
desensitization protocol before transplantation. We analyzed the C3d-
fixing ability of DSA in pre-operative serum before and after desensi-
tization in these patients. C3d-positive cases (C3d+) were compared
with C3d-negative cases (C3d—) in terms of incidence of acute and
chronic ABMR following LKT. Among C3d + cases, those demon-
strating a loss of DSA C3d-fixing ability after desensitization were de-
fined as responders (R-C3d+), whereas those retaining this activity
were defined as non-responders (NR-C3d+). We also compared R-
C3d + and NR-C3d + patients with acute and chronic ABMR patients.
Moreover, we investigated MFI of preformed DSA before and after de-
sensitization and compared the results with the C3d-fixing ability. The
endpoint of follow-up was 1 year after transplantation. The study was
conducted in accordance with the 2008 Declaration of Istanbul and
2013 Declaration of Helsinki.

3.2. Immunosuppression

Standard immunosuppression for kidney transplantation involved a
calcineurin inhibitor (tacrolimus), mycophenolate mofetil, prednisone,
and basiliximab. Desensitization for FCXM-positive patients with pre-
formed DSA consisted of high-dose immunoglobulin (Ig) (2-4 g/kg),
rituximab (200-500 mg), and plasma exchange or double filtration
plasmapheresis before transplantation. A steroid bolus, high-dose in-
travenous Ig, plasma exchange, or a combination of rituximab and
bortezomib were administered when clinical or subclinical acute ABMR
was observed.

3.3. Immunological monitoring

All patients underwent FCXM evaluation and single-antigen
screening prior to transplantation. Briefly, FCXM was measured by flow
cytometry on a FACSCalibur instrument (Becton Dickinson, San Jose,
CA, USA). FCXM was routinely performed at the first visit and 1 day
before the surgery to verify the status and confirm the positive-to-ne-
gative conversion by FCXM irrespective of DSA intensity with the
Luminex (Austin, TX, USA) single-antigen beads assay. Analysis using
pronase was conducted after rituximab administration to avoid the
false-positive reaction of lymphocytes absorbed with rituximab. The
presence of DSA was determined by comparing human leukocyte
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antigen (HLA)-A, -B, -DR, and -DQ antibody specificity at the ser-
ological level with donor HLA type. Circulating preformed DSA was
detected with a single-antigen flow bead assay (Lifecodes Immucor,
Norcross, GA, USA), and mean fluorescence intensity (MFI) of pre-
formed DSA was measured with the LX200 for Luminex platform.
FCXM-positive and preformed DSA-positive patients were also analyzed
for C3d-fixing ability with the single-antigen bead assay according to
the manufacturer's protocol and using the manufacturer-specific soft-
ware. Beads were defined as positive when two or more of the three
adjusted values were above the cutoff level. We defined positive DSA as
an MFI > 1000 and positive FCXM as a shift greater than over 10 and/
or ratio over 2.0 compared to the median MFI of a negative control.

3.4. Diagnosis of rejection

ABMR was diagnosed from graft biopsies that were routinely per-
formed (at 3 and 12 months following transplantation) and from clin-
ical indications (graft function decline and/or proteinuria) whenever
rejection was suspected. ABMR was diagnosed based on any of the
following microvascular injuries: peritubular capillaritis (ptc > 0),
glomerulitis (g > 0), thrombosis, or transplant glomerulopathy
(cg > 0). Rejection types were defined according to the Banff classi-
fication (2009 and 2013). Rejection was diagnosed in a blinded manner
by the same two pathologists.

3.5. Statistical analysis

Data are presented as mean * standard deviation or as count and
percentage if categorical. p < .05 was considered statistically sig-
nificant. Event-free rates were estimated with the Kaplan-Meier method
and compared between groups with the log-rank test. The global score
chi-square statistic was used to measure the goodness of fit of models.
Patients who did not experience ABMR were censored at the end of
follow-up. All cases were observed for 1 year after transplantation and
were treated if rejection occurred.

4. Results

4.1. Characteristics and outcomes of the study population according to C3d
status

A total of 21 FCXM-positive and preformed DSA-positive patients
were enrolled. Baseline demographic and transplant characteristics
determined based on the presence of C3d-fixing DSA are summarized in
Table 1. Nine (42.9%) of the 21 patients received transplants from ABO-
incompatible donors and 10 (47.6%) underwent re-transplantation. The
maximum MFI was 7877. Eleven (52.3%) of the 21 patients had acute
ABMR and required treatment, and 11 (52.3%) were chronic cases. The
average estimated glomerular filtration rates after 3 months and 1 year
were 45.9 and 42.5ml/min/1.73 m?, respectively. Patient and graft
survival rates were 100% at 1 year after transplantation.

Table 1 shows baseline and immunological characteristics of the
study population according to C3d-fixing ability of DSA in the 21 renal
transplant recipients, which included six C3d — and 15 C3d + patients.
There was no difference in ABO incompatibility between the two
groups (C3d+, 46.7% vs. C3d—, 33.3%). No differences in estimated
glomerular filtration rate were noted at 3months and 1year post
transplantation. The presence of C3d-fixing DSA was significantly as-
sociated with re-transplantation (C3d+, 66.7% vs. C3d—, 0%;
p = .01). Further, the C3d-fixing ability of DSA was correlated with
higher MFI of DSA before desensitization (C3d—, 3869 vs. C3d+,
9480; p = .02) (Fig. 1A).

Fig. 3 shows acute ABMR-free survival vs. C3d-fixing ability of DSA
before desensitization. Patients with C3d-fixing DSA had a lower rate of
acute ABMR-free survival for 1year than those with non-C3d-fixing
DSA (C3d+, 68.8% vs. C3d—, 16.7%; p = .04). Moreover, at 1 year
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Table 1
Characteristics of the study population before desensitization®.

total(n =21) C3d + (n=15) C3d-(n=6) p

Recipients data

Sex (male), no 8(38.1%) 7(46.7%) 1(16.7%) 0.18

Age, yr 52.8 = 14.9 51.1 = 15.8 56.8 = 11.8 0.44

Re-transplant, no 10(47.6%) 10(66.7%) 0(0%) 0.002

Diabetes, no 4(19.0%) 2(13.3%) 2(33.3%) 0.31

HD duration, m 57.1 + 58.8 65.7 + 65.6 35.7 + 33.2 0.3

Donors data

Sex(male), no 16(76.2%) 12(80%) 4(66.7%) 0.52

Age, yr 58.3 = 85 58.2 = 8.6 58.5 = 8.3 0.94

Related (parents, 6(28.6%) 5(33.3%) 1(16.7%) 0.43
brothers), no

Immunological data

MFI shift of FCXM 51.9 = 44.3 63.4 + 47.6 23.4 = 10.8 0.04

ABO incompatibility, 9(42.9%) 7(46.7%) 2(33.3%) 0.57
no

HLA mismatch 41 = 1.3 3.8 = 1.2 48 =15 0.11
(A.B.DQ.DR), no

DSA number, no 1.6 = 1.0 1.5 £ 0.7 1.8 £ 1.5 0.53

Max DSA MFI before =~ 7877 *= 4567 9480 = 1179 3869 * 1864 0.02
desensitization

Class 1 DSA positive 8(38.1%) 6(40%) 2(33.3%) 0.79
(max MFI)

Acute ABMR, no 12(57.1%) 11(73.3%) 1(16.7%) 0.04

C4d + at biopsy 14(66.6%) 11(73.3%) 3(50%) 0.31

TMR, no 5(23.8%) 4(26.7%) 1(16.7%) 0.64

Chronic ABMR (I yr), 11(52.3%) 10(66.7%) 1(16.7%) 0.03
no

3m eGFR, mL/min/ 459 + 12.3 43.8 = 3.2 51.1 = 5.0 0.23
1.73m?

12m eGFR, mL/min/ 42.5 * 12.6 41.7 = 13.3 442 = 11.0 0.69
1.73m?

Baseline and immunological characteristics of the study population according
to C3d-fixing ability of DSA.

ABMR, antibody-mediated rejection; C3d+, positive for C3d-fixing ability;
C3d—, negative for C3d-fixing ability; DSA, donor-specific antibody, eGFR,
estimated glomerular filtration rate; FCXM, flow cytometric crossmatch; MFI,
mean fluorescence intensity; TMR, T cell-mediated rejection.

post transplantation, the incidence of chronic ABMR was higher in
patients with C3d + DSA than in those with C3d — DSA (C3d +, 66.7%
vs. C3d—, 16.7%; p = .03).

4.2. C3d-fixing ability of DSA after desensitization

Of the 15 C3d-fixing DSA cases, nine were responders and six were
non-responders. Table 2 shows the characteristics of these subjects in
terms of C3d-fixing ability of preformed DSA. Re-transplantation was
more frequent among non-responders (NR-C3d+, 100% vs. R-C3d +,
44.4%; p = .01). Donor age was lower for the latter group (NR-C3d +,
52.7 years vs. R-C3d+, 61.9years; p = .04). Although there was no
difference in MFI of preformed DSA before desensitization between the
two groups, a difference was observed after desensitization (R-C3d +,
2898 vs. NR-C3d+, 13,103; p < .0001). C3d + DSA with low MFI
after desensitization (especially < 5000) changed to R-C3d + and lost
C3d-fixing ability (Fig. 1B) (see Fig. 2).

Fig. 3 shows acute ABMR-free survival according to the persistence
of C3d-fixing ability after desensitization. No differences in survival
(83.3% vs. 66.7%; p = .92) or incidence of chronic ABMR 1 year after
transplantation (50% vs. 77.8%; p = .26) were observed between non-
responders and responders.

4.3. Immunological parameters according to acute ABMR
Table 3 shows the relationship between acute ABMR and im-

munological parameters. Acute ABMR was significantly likely to occur
in recipients with re-transplantation (ABMR+, 66.7% vs. ABMR-,
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22.5%; p = .04), high MFI shift of FCXM (ABMR+, 73.1 + 48.4 vs.
ABMR-, 23.7 = 10.5; p = .004), high MFI of DSA before desensitiza-
tion (ABMR +, 10,925 *= 4323 vs. ABMR-, 3812 = 2859; p = .0003),
and positive C3d-fixing ability (ABMR+, 91.7% vs. ABMR-, 44.4%;
p = .02). For FCXM positive preformed DSA positive cases, high MFI
shift of FCXM, high MFI of DSA, and C3d-fixing ability were remarkable
pre-transplant predictors of ABMR.

5. Discussion

We retrospectively analyzed C3d-fixing ability of preformed DSA
and the effect of desensitization in 21 FCXM-positive LKT patients. Our
findings showed that not only the MFI of performed DSA and the MFI
shift of FCXM, but also C3d-fixing ability of preformed DSA before
desensitization increased the risk of acute ABMR. Correlations were
observed before desensitization between C3d-fixing ability and the state
of re-transplantation, the MFI of preformed DSA, and the MFI shift of
FCXM; moreover, there was a significant correlation between C3d re-
sponse and the MFI of preformed DSA before and after desensitization.
These results suggest that preoperative measurement—especially be-
fore desensitization—of DSA C3d-fixing ability in FCXM-positive
transplant recipients may be useful for predicting ABMR, and there may
be strong relationship between desensitization and C3d-fixing ability.

FCXM-positive recipients with preformed DSA reportedly have a
higher risk for ABMR and early graft loss [24]. Our results demonstrate
that short-term outcomes in FCXM-positive LKT recipients can be pre-
dicted based on complement-fixing ability. Multiple desensitization
protocols are currently available; ours consists of plasmapheresis, high-
dose intravenous Ig, and rituximab for 1 month prior to transplantation.
We found no significant differences in patient and graft survival rates
and graft function between FCXM-positive and -negative groups at the
intermediate-term follow-up after desensitization, although ABMR-free
survival rate differed significantly between the groups [23].

Regarding patient characteristics, re-transplantation is a significant
risk factor for complement-fixing ability and is known to be a high-risk
factor for FCXM positivity, and our results reinforced this. Previous
transplantation strongly sensitized recipients, leading to the production
of complement-fixing DSAs upon subsequent transplantation.
Moreover, nine ABO-incompatible recipients were included in this
study. ABO-incompatible LKT is an acceptable treatment for end-stage
renal disease, and 3-month biopsies suggest comparable graft pathology
between ABO-compatible and -incompatible patients after desensitiza-
tion with rituximab and by plasmapheresis [25,26]. As all 21 patients
received rituximab, plasmapheresis, and intravenous Ig in our study,
ABO incompatibility had no effect on ABMR risk. However, ABO in-
compatibility affected C4d staining at biopsy, explaining why C3d
staining was better than C4d staining in predicting ABMR.

Complement-fixing DSAs are reportedly associated with ABMR and
graft loss [12]. The development of solid-phase Clqg-binding assays
offered a new approach for assessing HLA antibody risk by distin-
guishing potentially harmful complement-fixing antibodies from those
that do not fix complement and are thus less likely to induce ABMR
[14,17,27]. Clq-binding assay reportedly detects differences in DSA
function, possibly due to the composition of complement-binding IgG
isotypes [28,29]. Conversely, the C3d assay allows for direct detection
of C3 fragments generated by the complement activation process. Clq
measures the potential of antibodies to initiate the classic pathway,
whereas the downstream C3d is an indicator of complete complement
activation [17,18] and may better reflect physiological complement
activation and complement-mediated injury in allografts [30].

The presence of complement-fixing dn DSA at the time of ABMR has
been investigated in some studies [17,18]. However, to date, there are
no reports of C3d-fixing ability of preformed DSA in FCXM-positive
patients and its effects following desensitization. FCXM is used to de-
termine whether the preformed recipient serum will attack donor
lymphocytes by measuring antibody-antigen binding activity.
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Preformed serum contains both antibodies and complement; detection
of additional complement fixing by DSA is critical for predicting ABMR.
We found that FCXM and C3d assays before transplantation were useful
in preventing and predicting ABMR, respectively. In addition to MFI of
preformed DSA, C3d-fixing ability was also one of the effective ex-
aminations.
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Fig. 1. MFI of DSA according to C3d status. (A) MFI
of DSA in the Luminex assay according to C3d-fixing

[ 1 status before desensitization. The plot on the left

depicts non-C3d-fixing (C3d—; n=6) and C3d-
. fixing (C3d+; n = 15) DSA groups, respectively
(p = .02); the plot on the right shows non-responders
(NR-C3d+) vs. responders (C3d+) (p = .24). (B)
MFI of DSA after desensitization. The right plot
shows that MFI of DSA was higher for NR-
C3d + than for R-C3d + (p < .0001).

3d status

p<0.0001

c3
C
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“

e =
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Desensitization is thought to influence the MFI of DSA by lowering
antibody titer [7]. Here, not only DSA titer but also C3d-fixing ability
decreased after desensitization. However, we did not observe a trend
towards an improved ABMR-free rate in the response to C3d fixing by
DSA after desensitization. As DSA production is a central event leading
to graft damage and acute ABMR, a strategy for removing or

Table 2
Characteristics of the study population after desensitization”.
C3d + (n =15) NR-C3d + (n = 6) R-C3d + (n=9) P

Recipients data
Sex (male), no 7(46.7%) 3(50%) 4(44.4%) 0.83
Age, yr 51.1 + 16.1 47.8 = 15.3 53.3 = 16.7 0.53
Re-transplant, no 10(66.7%) 6(100%) 4(44.4%) 0.01
Diabetes, no 2(13.3%) 2(33.3%) 0(0%) 0.13
HD duration, m 65.7 = 68.1 64.3 = 284 66.6 = 83.8 0.95
Donors data
Sex (male), no 12(80%) 5(83.3%) 7(77.8%) 0.79
Age, yr 58.2 + 7.4 52.7 £ 7.2 619 = 7.6 0.04
Related (parents, brothers), no 5(33.3%) 3(50%) 2(22.2%) 0.26
Immunological data
MEFT shift of FCXM 63.4 = 47.6 57.2 * 29.0 67.5 = 58.2 0.35
ABO incompatibility, no 7(46.7%) 3(50%) 4(44.4%) 0.83
HLA mismatch(A.B.DQ.DR), no 3.8 £ 1.2 33 1.4 41 + 1.1 0.23
DSA number, no 1.5 = 0.8 1.5 =03 1.6 = 0.3 0.89
Max DSA MFI before desensitization 9480 =+ 4983 11,424 + 4795 8183 + 5097 0.24
Max DSA MFI after desensitization 6980 * 5878 13,103 =+ 2490 2898 + 3119 < 0.0001
Class 1 DSA positive (max MFI) 6(40%) 2(33.3%) 4(44.4%) 0.69
Acute ABMR, no 11(73.3%) 5(83.3%) 6(66.7%) 0.92
C4d + at biopsy
TMR, no 4(26.7%) 1(16.7%) 3(33.3%) 0.51
Chronic ABMR (I yr), no 10(66.7%) 3(50%) 7(77.8%) 0.26
3m eGFR, mL/min/1.73m? 43.8 = 13.4 41.1 = 55 45.5 = 4.5 0.55
12m eGFR, mL/min/1.73m? 41.7 + 13.9 42.8 + 6.2 40.8 + 5.2 0.81

ABMR, antibody-mediated rejection; DSA, donor-specific antibody; FCXM, flow cytometric crossmatch; MFI, mean fluorescence intensity; NR-C3d +, non-responder-

C3d after desensitization; R-C3d +, responder-C3d after desensitization.

@ Baseline and immunological characteristics of the study population according to C3d-fixing response after desensitization.
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Fig. 3. ABMR-free survival according to C3d after desensitization. ABMR-free
rate according to C3d status and response to C3d-binding DSA after desensiti-
zation. Kaplan-Meier curves for ABMR-free rates are shown for non-responders
with C3d-fixing DSA (NR-C3d +) after desensitization and before transplanta-
tion, responders with C3d-fixing DSA (R-C3d+), and patients with non-C3d-
fixing DSA (C3d—). The results of the log-rank test are shown (p = .92).

inactivating preformed DSA is needed to minimize this risk. The cor-
relation between the efficacy of desensitization before transplantation
and C3d-fixing ability of preformed DSA is unknown. Nevertheless,
C3d-fixing ability was suggested to be linked to the MFI of DSA, which
is a powerful predictor of C3d positivity [31]. It is possible that the
negative C3d assay result post desensitization is simply due to a lower

Table 3
Correlation between ABMR and each parameter before desensitization.

Transplant Immunology 57 (2019) 101230

titer of antibodies, which may not be able to fix complement onto the
beads. Our results suggest that these antibodies are of the same subtype
as those that are present prior to desensitization and can still fix com-
plement in vivo, but not onto beads. Indeed, we showed that an ef-
fective way to determine the response to desensitization and predict
ABMR is to measure the C3d-fixing ability of preformed DSA before
desensitization.

The important application of the C3d-fixing assay is to identify
patients who would benefit from treatment with eculizumab [32,33].
This monoclonal antibody is capable of blocking the complement cas-
cade but cannot be administered to every patient diagnosed with ABMR
or that requires desensitization owing to its high cost and adverse ef-
fects. Physicians can recommend desensitization with eculizumab in
C3d-positive cases to not only treat but also prevent ABMR; at the same
time, treatment of patients who are C3d-negative and are not likely to
benefit from the therapy can be avoided. In future studies, we would
focus on changing the desensitization agents according to the C3d
status.

Our study had several limitations. Firstly, the small sample size
limited the power of the study to determine the significance of out-
comes due to the rarity of FCXM-positive cases. Although we propose
that there is a significant difference only between C3d + and
C3d — patients before desensitization, we need more cases to prove a
significant difference between R-C3d + and NR-C3d + after desensiti-
zation due to power analysis. Another shortcoming was the short
duration of observation as our aim was to focus on preformed DSA; long
observation periods obfuscate preformed and dn DSAs which are typi-
cally generated few months after transplantation. Finally, as FCXM
assays and definitions vary across centers, our results must be inter-
preted with caution.

In conclusion, this study showed that the C3d-fixing ability and the
MFI of preformed DSA in FCXM-positive patients before desensitization
are strong predictors of acute ABMR. Additionally, MFI and C3d-fixing
ability of preformed DSA are remarkably related to each other in the
aspect of desensitization. These findings provide a basis for future
clinical trials aimed at evaluating the efficacy of desensitization in this
subgroup of high-risk patients.
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total(n = 21) ABMR+(n =12) ABMR-(n = 9) P
Re-transplant, no 10(47.6%) 8(66.7%) 2(22.2%) 0.04
MFI shift of FCXM 51.9 = 44.3 73.1 = 484 23.7 = 10.5 0.004
ABO incompatibility, no 9(42.9%) 4(33.3%) 5(55.6%) 0.31
HLA mismatch(A.B.DQ.DR), no 41 = 1.3 39 =13 43 = 1.4 0.47
DSA number, no 1.6 £ 1.0 1.8 £ 09 14 = 0.7 0.37
Max DSA MFI before desensitization 7877 * 4567 10,925 + 4323 3812 + 2859 0.0003
Max DSA MFI after desensitization 5531 *= 5098 7222 * 5356 3277 + 5105 0.082
Class 1 DSA positive (max MFI) 8(38.1%) 6(50.0%) 2(22.2%) 0.21
C3d+ 15(71.4%) 11(91.7%) 4(44.4%) 0.02
C4d + at biopsy 14(66.7%) 8(66.7%) 6(66.7%) 1

ABMR, antibody-mediated rejection; DSA, donor-specific antibody; C3d +, positive for C3d-fixing ability; C4d +, positive for C4d staining at biopsy; MFI, mean

fluorescence intensity; eGFR, estimated glomerular filtration rate.
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