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Abstract

Objectives: This study sought to evaluate the efficacy
of plasmapheresis plus low-dose intravenous
immunoglobulin in highly sensitized patients waiting
for a deceased-donor renal transplant.

Materials and Methods: Thirty-five highly sensitized
patients (HLA class | panel reactive antibody > 50%)
received plasmapheresis, plus low-dose intravenous
immunoglobulin treatment. In 25 patients (group
1), a positive T- and/or B-cell cytotoxicity crossmatch
was rendered negative by plasmapheresis, plus
low-dose intravenous immunoglobulin treatment.
Two patients did not receive renal transplants
owing to persistent positive crossmatch. Eight
patients already had a negative crossmatch before
desensitization. During the same time, 32 highly
sensitized patients (group 2), without de-
sensitization, had a negative crossmatch and
received deceased-donor renal transplants.
Results: Group 1 showed a numerically higher rate
of acute rejection (32.0% vs 21.9%; P = .6) and
antibody-mediated rejection (20.0% vs 9.4%; P = .3),
but the difference was not statistically significant.
Four of 5 cases of antibody-mediated rejection in
group 1 had a peak donor specific antibody titer
> 1:8. Comparable mean serum creatinine levels at
24 months were observed (group 1: 130 * 38
umol/L vs group 2: 123 * 41 umol/L; P = .5). No
difference in Kaplan-Meier graft survival was found
between group 1 and group 2 after follow-up of
52 + 26 months (P =.7).
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Conclusions: Desensitization with plasmapheresis,
plus low-dose intravenous immunoglobulin enables
successful deceased-donor renal transplant in highly
sensitized patients with a positive crossmatch.
Antibody-mediated rejection occurred predominantly
in recipients with donor-specific antibodies of high
titers.
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A positive crossmatch indicates the presence of
donor-specific antibodies to human leucocyte
antigen in the serum of a potential recipient, and is
associated with a rate of graft loss that exceeds 80%
(1, 2). Alloantibodies develop after exposure to
foreign human leucocyte antigen molecules, usually
through pregnancy, transfusion, and previous organ
transplant.  Positive lymphocyte crossmatch
represents an immunologic barrier to kidney
transplant in highly sensitized patients. Recently, 2
regimens have evolved to overcome this barrier: the
high-dose intravenous immunoglobulin-based
protocol, and plasmapheresis plus low-dose
intravenous immunoglobulin protocol (3-5). The
former protocol has been used in living-donor and
deceased-donor renal transplants (3). However, the
latter was mainly reported in living-donor renal
transplants because the time to transplant cannot be
predicted in deceased transplants (4, 5).

Because there is no national organ allocation
organization, it is difficult to find highly matched
kidney donors for highly sensitized patients. Highly
sensitized patients must remain on the waiting list
for extended periods for a suitable crossmatch
negative organ. Desensitization provides an
alternative approach to this problem. Here, we
present our results of successful kidney transplant in
highly sensitized patients from deceased-donors
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after desensitization with plasmapheresis, plus low-
dose intravenous immunoglobulin.

Materials and Methods

Patient demographics

Between January 2001 and December 2007, 35 highly
sensitized patients (human leucocyte antigen class I
panel reactive antibodies > 50%) waiting for
deceased-donor renal transplants received
plasmapheresis, plus low-dose
immunoglobulin treatment. In 25 patients (group 1),
a positive crossmatch between the donor’s
lymphocyte and the recipient’s historic sera was
rendered negative. Two patients did not receive renal
transplants owing to persistent positive crossmatch.
Eight patients already had a negative crossmatch
before plasmapheresis, plus low-dose intravenous
immunoglobulin treatment, and received renal
transplants. During the same time, 32 highly
sensitized patients (group 2) without desensitization
treatment received renal transplants with negative
crossmatch. Mean follow-up of the patients was
52 + 26 months (range, 6-105 months). Prior to the
study, the study protocol, which conforms with the
ethical guidelines of the 1975 Helsinki Declaration,
was approved by our local institutional ethics
committee. Written informed consent was obtained
from all of the subjects. The demographics and
immunologic factors of the 2 groups are listed in
Table 1.

intravenous

Table 1. Patients demographics and immunologic data.

Parameters Group | Group 2 P Value
(n=25) (n=32)

Age (mean * SD) 47.6+10.2 46.4+11.2 7
Sex distribution (M:F) 16:9 18:14 .6
Donor age (mean + SD) 27.8+4.8 27.1+£52 1.0
PRA level (%)

Class | 77.2 £ 141 65.3+£9.3 .001

Class Il 523 +334 455+29.0 4
Previous renal grafts 3

0 15 23

1 8 9

2 2 0
HLA mismatch .6

0 0 0

1 1 4

2 8 9

3 1" 13

>3 5 6

Abbreviations: F, female; HLA, human leucocyte antigen; M, male; PRA,
panel reactive antibody; SD, standard deviation.

Cytotoxicity crossmatch
Complement-dependent cytotoxicity crossmatch was
performed by a modified National Institutes of

Health complement-dependent cytotoxicity method
using serial doubling dilutions of recipient serum.
Magnetically sorted T- and B-lymphocytes were
incubated with sera for 60 minutes, followed by 120
minutes further incubation with rabbit compliment.
The last reaction resulting in greater than 10% cell
death above background was considered to be the
anti-donor titer. We did not routinely perform an
auto-crossmatch. The contribution of IgM was ruled
out by testing in the presence of dithiothreitol. Anti-
human globulin enhancement was not used. When
donors became available, cross-matching was done
on all serum samples collected before and after
desensitization treatment, an acceptable crossmatch
was defined as negative current T- and B-cell,
complement-dependent cytotoxicity crossmatch.

Specific analysis of human leucocyte antigen
antibodies

All pretransplant sera were screened by enzyme-
linked immunosorbent assay (ELISA) assays (LAT-
M, One Lambda, Inc., Canoga Park, CA, USA) to
determine the presence or absence of anti-human
leucocyte antigen class I and / or class II antibodies of
the IgG isotype. The presence of donor-specific
antibodies was retrospectively screened by human
leucocyte  antigen-specific =~ ELISA  assays.
Identification of anti-human leucocyte antigen class
I and class II antibody specificities were performed
using ELISA kits LAT-IHD and LAT 2-40 (One
Lambda). Both ELISA tests were performed as
recommended by the manufacturer.

Desensitization protocol

Before transplant, patients received plasmapheresis 3
times weekly. One plasma volume exchange with 5%
albumin was used, with a membrane apheresis
device (Plasmaflux P2S, Fresenius Medical Care Ltd.,
Bad Homburg, Germany). Standard intravenous
immunoglobulin (Gamimune N 10%, Bayer
Biological, Elkhart, IN, USA) 100 mg/kg was given
after each plasmapheresis treatment to suppress
alloantibody rebound. All patients received
tacrolimus (Prograf, Fujisawa Ireland Limited,
Killorglin, Ireland) (0.1 mg/kg/d) and
mycophenolate mofetil (Cellcept, Roche, Shanghai,
China) (1.5 g/d) on the day of the first
plasmapheresis, plus low-dose
immunoglobulin session. The dosage of tacrolimus
was adjusted to maintain a target level of

intravenous
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8 to 10 ng/mL. In addition, all recipients in group 1
underwent 1 to 3 sessions of plasmapheresis, plus
low-dose intravenous immunoglobulin after
transplant. Two patients in group 1 with panel
reactive antibody > 80% received a single dose of
rituximab (375 mg/m? Rituxan Genentech, Inc., San
Francisco, CA, USA) on day 1.

Immunosuppressive therapy

All patients received induction therapy with single
dose of daclizumab (Zenapax, Roche, Nutley, NJ)
50 mg immediately before transplant operation. All
patients also received induction therapy with 3
methylprednisolone pulses (3 x 500 mg) and
antithymocyte globulin (ATG, Fresenius Medical Care
Ltd., Bad Homburg, Germany) 1.5 mg/kg/day up to
7 days (range, 5-7 days). Subsequent maintenance
immunosuppression consisted of prednisone
20 mg/day with a taper to 10 mg/day by 3 months
posttransplant, mycophenolate mofetil 750 mg twice
daily, and tacrolimus to maintain a target level of 8 to
10 ng/mL for the first 3 months, 6 to 8 ng/mL for
months 3 to 6, and 5 to 7 ng/mL after 6 months.

Diagnosis and treatment of acute rejection
Diagnosis of acute rejection was confirmed by kidney
biopsy and kidney pathology was classified using
Banff 97 criteria. The diagnostic criteria for antibody-
mediated rejection included clinical evidence of acute
graft dysfunction, histologic evidence of tissue injury,
immunopathologic evidence for antibody action (C4d
in peritubular capillaries), and serologic evidence of
anti-human leucocyte antigen antibody at time of
biopsy (6). Antibody-mediated rejection was treated
with plasmapheresis, plus low-dose intravenous
immunoglobulin ~ every = other  day  for
1 to 5 sessions, plus anti-thymocyte globulin
1.5 mg/kg/day for 3 to 5 days. Patients with acute
cellular rejection were treated by 3 methyl-
prednisolone pulses (3 x 500 mg).

Statistical analyses

Results are expressed as numerical values and
percentages for categorical variables and as mean +
standard deviation for continuous variables. Statistical
analyses were performed with SPSS software for
Windows (Statistical Product and Service Solutions,
version 16.0, SPSS Inc, Chicago, IL, USA).
Comparisons were based on the chi-square test for
categorical data, the t test for normally distributed
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continuous data, and the Mann-Whitney U tests for
ranked data. The Mantel cox log-rank test was used to
compare Kaplan-Meier graft survival between groups.
Results were considered significant when P was less
than .05.

Results

Complement-dependent cytotoxicity crossmatch
results and donor-specific antibody specificities

In patients of group 1, both T- and B-cell positive
crossmatch with historic sera were found in 21
patients, only B-cell positive crossmatch with historic
sera was found in 4 patients. Both human leucocyte
antigen class I and class II donor-specific antibodies
were found in 2 patients, only class I donor-specific
antibodies were present in 17 patients, and only class
II donor-specific antibodies were present in 4
patients. In 2 patients, no definite anti-donor
specificity was identified (Table 2).

Efficacy of the desensitization protocol

A positive crossmatch with historic sera was
rendered negative in 92.6% patients (25/27). In
patients with both positive T- and B-cell crossmatch,
the highest titer was adopted for analysis. The
majority (68.0%) of successfully desensitized
recipients had a donor-specific antibodies titer less
than 1:8. Panel reactive antibody level of human
leucocyte antigen class I antibodies was decreased
from 77% + 14% to 36% + 17% (P < .001); panel
reactive antibody level of human leucocyte antigen
class II antibodies was decreased from 52% + 33% to
37% + 30% (P < .001). The number of total
plasmapheresis, plus low-dose intravenous
immunoglobulin sessions, before transplant, was
significantly larger than the number of sessions
needed to achieve a negative crossmatch (6.2 2.1 vs
3.6 £1.7, P <.001).

Acute rejection episodes

Group 1 showed a higher rate of acute rejection
(32.0% vs 21.9%, P = .6) and antibody-mediated
rejection (20.0% vs 9.4%, P = .3), but the difference
was not statistically significant. All antibody-
mediated rejection episodes were reversed by
plasmapheresis, plus low-dose intravenous
immunoglobulin and anti-thymocyte globulin
treatment. Delayed graft function occurred in 1
patient after antibody-mediated rejection in group 1.
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The peak donor-specific antibody titers of 5 recipients
with antibody-mediated rejection in group 1 were 1:4,
1:8, 1:16 (n=2), and 1:128 respectively (Table 2).

Main outcomes

Comparable mean serum creatinine levels at
12 months (group 1: 112 + 18 umol/L vs group
2:107 £ 16 ymol /L, P = .3) and 24 months (group 1:
130 + 38 umol /L vs group 2: 123 £ 41 ymol /L, P =.5)
were observed. No difference in Kaplan-Meier graft
survival rate (patient deaths included) was found
between group 1 and group 2 after follow-up of
52 £ 26 months (P =.7) (Figure 1).

Discussion

Our study indicates that highly sensitized patients
with positive lymphocyte complement-dependent
cytotoxicity ~ crossmatch,  desensitized  with
plasmapheresis, plus low-dose intravenous
immunoglobulin, can achieve results similar to
highly sensitized patients with negative crossmatch.
We chose the plasmapheresis, plus low-dose
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Figure 1. Comparison of group 1 (solid line) and group 2 (dashed line) patients
for graft survival rate (patient deaths included). The Mantel-Cox log-rank test
was used to compare Kaplan-Meier graft survival between groups (P = 7).

Schweitzer and associates (4, 5). Effect of
plasmapheresis is short-lived, and a rebound occurs
usually when plasmapheresis is discontinued.
Plasmapheresis, in combination with intravenous
immunoglobulin, produces durable, donor-specific
antibody suppression. Intravenous immunoglobulin
is known to activate anti-idiotypic circuits, suppress

intravenous immunoglobulin protocol, according to endogenous antibody secretion, and inhibit
the early reports of Montgomery and associates and complement activity.

Table 2. Baseline serologic characteristics of desensitized patients.

No. Peak PRA Mismatched Ab titer No. No. PRA pre-Tx
Pt DSA AMR
Txst | I HLA antigens T B PP-13  PP-2§ [ [

1 0 86% 91%  A24,B46,B56 BS6 12 12 3 4 1% 97%

2 1 55% 66%  A11,A24,838,DR12 A24 12 1:4 2 6 32% 66%

3 0 93% 66%  B75DR14 DR14 0 1:2 2 6 89% 25%

4 0 94% 50%  BS51,DR4,DR15 DR4 0 1:4 3 5 25% 25%

5 1 57% 31%  A24,B27,858 B27 18 1:16 6 7 36% 9% AMR

6 0 68% 0% A2,A68,DR15 AG8 12 1:4 3 6 45% 0%

7 0 88% 56%  A26,856,DR15 BS6 12 12 3 5 32% 56%

8 2 93% 66%  B38,B61,DR11 B61,DR11 1:4 1:8 3 6 57% 66% AMR

9 1 89% 34%  A3,B44 A3 14 14 4 7 22% 13%

00 86% 16%  A30,B54,875,DR12 A30 12 12 2 6 13% 0%

mooo 75% 56%  A30,862,DR4,DR14 DR4 ) 12 2 5 32% 25%

121 82% 0% A11,B58 INE 12 14 5 10 43% 0%

1301 92% 100%  A2,B13,B46 B46 18 1:32 7 13 43% 59%

o0 57% 0% A24,860,DR8 Bl 14 18 5 7 32% 0%

15 0 51% 34%  B54,B56,DR9 DR9 0 1:2 1 6 28% 16%

6 0 83% 75%  A11,A33,B58,DR1,DR11 A33,DR1 12 1:4 4 7 32% 66%

172 61% 16%  B13,835 163E 1:16 1:16 4 6 18% 0% AMR

180 82% 91%  B13,DR14 a7 122 18 4 4 43% 84%

19 1 86% 69%  A32 A32 1:4 1:4 3 6 32% 53%

20 0 61% 0% B51,862,DR9,DR12 BW4 12 1:4 5 5 2% 0% AMR

210 86% 91%  A26,813,862,DR4,DR16 A26 12 12 2 5 52% 25%

2 7 70% 84%  A11B13,DR12 B 1:4 1:4 4 6 32% 56%

23 90% 100%  A24,B53,B61, A24,861 1:8 1:128 8 10 57% 66% AMR

240 61% 75%  B6O,DR9 B60 12 1:8 4 5 45% 66%

250 85% 4%  A11,B839 B39 1:4 1:4 2 3 20% 41%

Abbreviations: #No. PP-1, Number of plasmapheresis sessions for a negative crossmatch; §No. PP-2, Number of total plasmapheresis sessions pretransplant;
1No. Txs, Number of previous transplants; {?, No definite antidonor specificities were identified.
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But if the transplant does not follow closely on the
heels of the preconditioning, donor-specific
antibodies may return. Kidney graft may be critical
for antibody elimination to occur and be sustained
(7). Another explanation for the persistent
suppression of donor-specific antibodies is
immunosuppressive therapy. Inmunosuppressive
agents can suppress antibody production in
experimental studies and clinical observation (7, 8).

One of the disadvantages of desensitization is the
high rate of antibody-mediated rejection. The
antibody-mediated rejection rate of our study (20%)
is comparable to reported rates of 21% to 37% of
plasmapheresis, plus low-dose intravenous
immunoglobulin protocols (9, 10). In our study, the
number of total plasmapheresis, plus low-dose
intravenous immunoglobulin treatments before
transplant was significantly larger than the number
of treatments for achieving a negative crossmatch,
which decreased the donor-specific antibodies to
more-acceptable level, and contributed to less
antibody-mediated rejection episodes.

We observed that 4 of 5 antibody-mediated
rejection cases had a peak donor-specific antibodies
titer > 1:8, indicating that donor-specific antibodies
of a high titer were not eliminated to optimal level.
The association between baseline donor-specific
antibody titer and antibody-mediated rejection also
was proved by another report (11). Using more-
sensitive single antigen Luminex bead assay, donor-
specific antibodies levels expressed as standard
fluorescence intensity in patients with antibody-
mediated rejection were significantly higher than
they were in patients without antibody-mediated
rejection, patients with donor-specific antibodies
greater than 10° standard fluorescence intensity are
at higher risk for antibody-mediated rejection (12).

In the current study, we used anti-thymocyte
globulin for induction. In sensitized recipients
without desensitization, anti-thymocyte globulin
induction has been proved to be effective at a lower
incidence of biopsy-proven acute rejection episodes,
increased 1-year graft survival, and improved graft
function (13). But in desensitized patients with
donor-specific antibodies, anti-thymocyte globulin
induction did not show efficacy in preventing
antibody-mediated rejection (9, 10). Akalin and
associates (14) showed that the addition of
plasmapheresis to high-dosage intravenous
immunoglobulin  dramatically ~decreased the

Exp Clin Transplant

incidence of acute rejection from 66% (44% antibody-
mediated rejection) to 7% but the crossmatch results
of their patients were T-cell crossmatch negative but
complement-dependent cytotoxicity B-cell and/or
flow cytometry crossmatch positive, which were
considered as milieus only with a lower titer of
donor-specific antibodies, or nonhuman leucocyte
antigen antibodies.

There are some limitations of our study. First,
patients who could not receive a renal graft in 4 to 6
weeks had to go back on the waiting list and receive
high-dose intravenous immunoglobulin to prevent
donor-specific ~ antibody  rebound.  Second,
posttransplant monitoring of the donor-specific
antibody levels could not be accomplished because
donor material for posttransplant crossmatching was
not available. Third, surveillance biopsy was not
routinely performed, so the rate of subclinical
antibody-mediated rejection was unknown, which
may contribute to development of chronic allograft
nephropathy (15).

In summary, our study proved the efficacy of a
plasmapheresis, plus low-dose intravenous
immunoglobulin protocol in highly sensitized
patients. Desensitization with plasmapheresis, plus
low-dose intravenous immunoglobulin protocols
provide an alternative approach for highly sensitized
patients waiting for deceased donors. It will be
logistic and cost-effective in combination with the

acceptable mismatch program (16).
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