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Abstract
The presence of human-leukocyte antigen (HLA)-
antibodies and blood group incompatibility remain a large 
barrier to kidney transplantation leading to increased 
morbidity and mortality on the transplant waiting list. 
Over the last decade a number of new approaches were 

developed to overcome these barriers. Intravenous 
immunoglobulin (IVIG) remains the backbone of HLA 
desensitization therapy and has been shown in a 
prospective, randomized, placebo controlled trial to 
improve transplantation rates. Excellent outcomes with 
the addition of rituximab (anti-B cell) to IVIG based 
desensitization have been achieved. There is limited 
experience with bortezomib (anti-plasma cell) and 
eculizumab (complement inhibition) for desensitization. 
However, these agents may be good adjuncts for patients 
who are broadly sensitized with strong, complement-fixing 
HLA antibodies. Excellent short and long-term outcomes 
have been achieved in ABO incompatible transplantation 
with the combination of antibody removal, B cell depletion, 
and pre-transplant immunosuppression. Kidney paired 
donation has emerged as a reasonable alternative for 
programs who cannot provide desensitization or in 
conjunction with desensitization. Future therapies directed 
toward cytokines that alter B cell proliferation are under 
investigation. 
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Core tip: Intravenous immunoglobulin (IVIG) remains 
the backbone of human-leukocyte antigen (HLA) 
desensitization therapy and excellent outcomes with 
the addition of rituximab (anti-B cell) have been 
achieved. Bortezomib (anti-plasma cell) and eculizumab 
(complement inhibition) may be good adjuncts for patients 
who are broadly sensitized with strong, complement-fixing 
HLA antibodies. Excellent outcomes have been achieved 
in ABO incompatible transplantation with the combination 
of antibody removal, B cell depletion, and pre-transplant 
immunosuppression. Kidney paired donation has 
emerged as a reasonable alternative for programs who 
cannot provide desensitization or in conjunction with 
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INTRODUCTION
Kidney transplantation is the gold standard for treating 
end-stage kidney disease and remarkable strides 
have been made over the last thirty years. However, 
there are now over 100000 people awaiting kidney 
transplantation in the United States according to the 
Organ Procurement and Transplantation Network. A 
significant proportion of these patients are broadly 
human-leukocyte antigen (HLA) sensitized and will have 
to wait longer to find an acceptable match; some may 
never. There are also those on the wait list with living 
donors who are blood type incompatible (ABOi), but 
would otherwise be an acceptable match. The long wait 
times incurred lead to increased mortality on the kidney 
transplant list[1]. The ability to provide a blood type or 
HLA incompatible transplant decreases mortality and 
gives hope to those languishing on the wait list. 

Desensitization therapies started to emerge in the 
1980’s. Donor specific blood transfusions were performed 
for HLA desensitization with limited success. There was 
more success with ABOi transplantation during this time 
period with techniques employing a combination of 
plasma exchange (PLEX) and splenectomy. HLA antibody 
desensitization with intravenous immunoglobulin (IVIG) 
was first reported in the mid-1990’s and ushered in a 
new era of transplantation. New immunomodulatory 
therapies have since emerged that successfully allow 
HLA and blood type incompatible transplant. In this 
review, we will discuss the current approaches and 
future directions of desensitization therapies.

IVIG AND RITUXIMAB (ANTI-B CELL)
IVIG is a complex preparation derived from the gamma 
globulin fraction of pooled human plasma used to treat 
primary hypogammaglobulinemia, acquired antibody 
deficiency, and various autoimmune disorders. It 
modulates the auto- and allo-immune response via 
broad-acting mechanisms. These mechanisms include 
neutralization of circulating antibodies, inhibition 
of B and T cell proliferation via interactions with Fc 
receptors, alteration of cytokine production, and down-
regulation of complement. It therefore has powerful 
immunomodulatory effects and is now widely used for 
desensitization and treatment of antibody-mediated 
rejection (ABMR). 

The efficacy of high-dose IVIG (1-2 g/kg per dose) 

was initially described separately by Glotz et al[2] and 
Tyan et al[3]. IVIG was administered on a monthly basis 
to those awaiting either a living or deceased donor 
kidney transplant. An improvement in panel reactive 
antibodies (PRA) and transplant rates was observed. 
These early successes lead to the first randomized, 
multicenter, placebo-controlled trial for desensitization. 
The National Institute of Health Ig02 trial included 
a total of 101 highly sensitized patients with a PRA 
greater than 50%. Subjects were randomized to 
receive dialysis with IVIG (2 g/kg) monthly for 4 mo 
or dialysis with equivalent volume of placebo[4] (Figure 1). 
Patients receiving high-dose IVIG had a statistically 
significant reduction in PRA and an improved rate of 
transplantation with a shorter wait time (4.8 years vs 
10.3 years). There was a higher rate of acute rejection 
observed in the IVIG group (53%) compared with 
the placebo group (10%). However, the 2-year graft 
survival rates were not significantly different. This 
approach was effective for both living and deceased 
donor transplants.

Another approach utilizes low-dose IVIG (100 mg/kg) 
plus PLEX (Figure 1). Montgomery et al[5] demonstrated 
the efficacy of this combined therapy to rescue 
three living donor kidney transplant recipients who 
experienced ABMR and to preemptively eliminate donor 
specific antibody (DSA) in four recipients scheduled for 
a living donor kidney transplant. Recently, Montgomery 
et al[1] reported a significant survival benefit of 
desensitization with the low-dose IVIG/PLEX regimen 
in 211 HLA sensitized patients compared to patients 
who remained on the waiting list for eight years[1]. This 
low-dose IVIG/PLEX regimen is primarily limited to 
living donor kidney transplantation due to rebound of 
HLA-antibody that is often seen within days following 
therapy. 

Rituximab, a chimeric anti-CD20 (anti-B cell) 
monoclonal antibody, has emerged as an important drug 
for modification of B cell and antibody responses. It is 
approved for treatment of lymphoma and rheumatoid 
arthritis and has demonstrated a significant benefit in a 
number of autoimmune disorders[6]. Clinical data suggest 
that the beneficial effects of rituximab are likely related 
to modification of dysfunctional cellular immunity rather 
than simply a reduction in antibody. Rituximab binds to 
CD20 and marks the cell for destruction by antibody-
dependent cell mediated cytotoxicity, complement-
dependent cytotoxicity and cell-mediated apoptosis via 
CD20 cross-linking[7,8]. Rituximab depletes CD20+ B-cells 
in the bone marrow, spleen and lymph nodes. It does 
not deplete plasma cells as they are CD20 negative. 
Rituximab may have some effect on plasmablasts that 
emerge primarily from the spleen. Data suggest that 
splenectomy is effective in treating ABMR because 
it removes DSA secreting plasmablasts that are the 
primary source of DSA production[9].

Over the past several years, rituximab has been 
studied and incorporated into desensitization protocols 
based on the synergistic effect with IVIG observed 
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in patients with autoimmune diseases. Our group 
evaluated the effect of adding two weekly doses of 
rituximab to a high-dose IVIG regimen in 20 highly 
sensitized patients. This protocol reduced PRA 
from an average 77% to 44%. There was an 80% 
rate of transplantation with excellent patient and 
allograft survival. Acute rejection occurred in 50% 
of patients who received a transplant. Most rejection 
episodes were diagnosed within the first month after 
transplantation and were reversible with treatment[10]. 

We subsequently reported a larger experience 
evaluating the efficacy of IVIG plus rituximab. Seventy-
six highly sensitized patients with a positive cross-match 
who were treated with a desensitization regimen (IVIG 
2 g/kg on day 1 and 30 and rituximab 1 g on day 15), 
had significant reductions in the T cell flow cytometry 
crossmatch, and were successfully transplanted. Thirty-
one patients received a living donor and 45 patients 
received a deceased donor kidney transplant. Those 
awaiting a deceased donor were transplanted, on 
average, four months following desensitization. This 
was after waiting an average of 95 mo. There was a 
37% rate of ABMR in this cohort, occurring mostly 
within the first month after transplant. ABMR was 
treated with pulse steroids, IVIG, and rituximab. PLEX 
was additionally administered for severe ABMR. The 
rejection episodes were reversible and did not translate 
to inferior outcomes. Patient and graft survival were 
95% and 84%, respectively, at 24 mo[11]. 

These studies indicate that IVIG and rituximab offer 
a significant benefit in reduction of anti-HLA antibodies 
allowing improved rates of transplantation for highly 
sensitized patients. However, Marfo et al[12] found IVIG 
and rituximab to lack efficacy in a prospective cohort 
study that included highly sensitized kidney transplant 
candidates with a calculated PRA (cPRA) greater than 
50%. The cPRA estimates the percentage of deceased 
donor offers that will be crossmatch incompatible for a 
candidate taking into account both class Ⅰ and class 
Ⅱ PRA. After a mean follow-up of 334 d, only two 
patients received a kidney transplant compared with 14 
patients in the non-desensitized group (18% vs 52%). 
Desensitization did not lead to any significant reduction 

in patients’ class Ⅰ and Ⅱ cPRA. There was also no 
change in the number of unacceptable antigens or 
their strength as measured by the mean fluorescence 
intensity (MFI). However, whole blood gene expression 
analyzed by microarrays demonstrated a down-
regulation of immunoglobulin and B cell-associated 
transcripts after treatment[12].

More recently, our group conducted a double-blind 
randomized placebo-controlled trial comparing IVIG (2 
g/kg, max 140 g administered at weeks 0 and 4) with 
rituximab (1 g administered at week 2) to IVIG (2 g/kg, 
max 140 g administered at weeks 0 and 4) with placebo 
(normal saline administered at week 2). Initially, 13 
of 15 randomized patients received deceased donor 
transplants. The number of serious adverse events 
reported in the control group prohibited the completion 
of this trial and the study was un-blinded. There were 
six patients randomized to IVIG with rituximab and 
seven to IVIG with placebo. The data showed that all 
ABMR episodes occurred in the IVIG plus placebo group 
(N = 3, 43%) vs IVIG plus rituximab N = 0, 0%) (P = 
0.06). The patients with ABMR episodes were treated 
with IVIG and rituximab with significantly improved 
renal function post-transplant at 6 and 12 mo. No 
transplant glomerulopathy was seen on protocol 
biopsies for the patients in IVIG plus rituximab group. It 
appeared that both protocols were effective in achieving 
an acceptable crossmatch allowing for transplantation. 
However, the combination of IVIG with rituximab was 
more effective at preventing DSA rebound, ABMR, and 
transplant glomerulopathy[13]. Desensitization using the 
combination of IVIG with rituximab was additionally 
shown to be cost-effective in a separate study[14]. 

BORTEZOMIB (ANTI-PLASMA CELL)
Bortezomib, a selective inhibitor of the 26S proteasome, 
was developed and approved by the United States 
Food and Drug Administration (FDA) for the treatment 
of multiple myeloma. Bortezomib inhibits antibody 
production from plasma cells, mediates apoptosis of this 
cell type and decreases the number of bone marrow-
derived plasma cells. Therefore, it is expected to have 
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Figure 1  Desensitization protocols.  A: The NIH Ig02 trial administered intravenous immunoglobulin (IVIG) in four monthly doses for patients awaiting a living or 
deceased donor transplant. This was followed by a living or deceased donor transplant once an acceptable crossmatch was achieved; B: Johns Hopkins University 
used a combination plasmapheresis (PP) with low-dose cytomegalovirus immune globulin following each PP session. The number and frequency of the PP sessions 
is dependent on the donor specific antibody titer. A living donor transplant occurs when an acceptable crossmatch is achieved. Additional sessions of PP/IVIG 
are administered after transplant; C: A modified protocol combining IVIG and rituximab was developed at Cedars-Sinai Medical Center. Two doses of IVIG are 
administered one month apart with one dose of rituximab given in between. A deceased or living donor transplant then takes place when an acceptable crossmatch is 
obtained.
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complement fixing HLA-antibodies. These antibodies 
are difficult to modify with current therapies and are 
more deleterious to allografts. Proteasome inhibition 
alone may not provide durable modulation of HLA 
antibodies since there is no effect on precursor B cells or 
cytokines that promote antibody production. The main 
adverse effect of bortezomib is peripheral neuropathy 
that may occur in about 30% of treated patients. 
Severe events noted with bortezomib therapy include 
thrombocytopenia (28%) and neutropenia (11%). 
Given the limited experience and lack of long-term 
follow-up, bortezomib may be best utilized as an adjunct 
to other established therapies. Well-designed placebo-
controlled studies are needed to further elucidate the 
role of bortezomib for HLA antibody desensitization.

ECULIZUMAB (COMPLEMENT INHIBITION)
Eculizumab is a humanized monoclonal antibody that 
binds to the complement factor C5 with high affinity, 
inhibiting its cleavage to C5a and C5b. This ultimately 
prevents the formation of the membrane attack complex. 
It is approved for the treatment of paroxysmal nocturnal 
hemoglobinuria and atypical hemolytic uremic syndrome 
(aHUS). It has been used primarily in transplantation to 
treat refractory ABMR and thrombotic microangiopathy. 
The binding of DSA to the donor endothelium initiates 
the classical pathway of the complement cascade. This, 
in turn, leads to the formation of the membrane attack 
complex (C5b-C9) and ultimately cell destruction. 
Eculizumab is administered as an adjunctive agent 
in desensitization to prevent complement dependent 
cytotoxicity mediated by antibody. Complement directed 
therapies do not have any depletive effects on HLA 
antibodies. Locke et al[24] presented a single case in which 
eculizumab was used combined with PLEX and IVIG 
to salvage an ongoing severe ABMR. Kidney allograft 
biopsies after treatment with eculizumab showed a 
dramatic reduction of the membrane attack complex 
without a significant change in C4d deposition or DSA. 
This is expected since C5 is located downstream from 
C4d in the complement activation cascade. Although 
the C5 epitope bound by eculizumab is located far 
from the C5a portion of C5, eculizumab can block C5 
cleavage effectively. Eculizumab prevents the entry of 
the substrate molecule C5 into the C5 convertase, which 
means that C5 cleavage and the formation of C5a and 
C5b-9 are inhibited, resulting in blockade of the pro-
inflammatory, pro-thrombotic and lytic functions of 
complement. The inhibition of complement activation 
at the level of C5 creates a functional C5 deficiency[25]. 
In the context of multiple different interventions, it 
was difficult to determine the impact of the anti-C5 
antibody on the outcome. Burbach et al[26] reported the 
unsuccessful use of eculizumab in ABMR. However, this 
rejection was characterized by the absence of both C4d 
deposition in peritubular capillaries and complement 
binding DSA.  

strong suppressive effects on humoral immunity and 
may represent a promising desensitization strategy. 

Bortezomib has been used for the treatment of 
ABMR[15-18]. Nigos et al[19] performed a retrospective 
chart review of six kidney transplant patients with 
biopsy-proven ABMR. These six patients were treated 
with PLEX, IVIG (100 mg/kg after each PLEX and 
300-400 mg/kg for 1-2 d after the last PLEX with 
a cumulative dose of 1 g/kg), steroids, and single-
dose rituximab (375 mg/m2) along with bortezomib 
(1.3 mg/m2). Four out of the six patients had biopsy 
proven resolution of ABMR and stable allograft function 
over a median follow-up of 14 mo[19]. However, in a case 
series of four kidney transplant recipients with subacute 
ABMR and persistent DSA, Sberro-Soussan et al[16] 
found that bortezomib (1.3 mg/m2) did not significantly 
decrease DSA MFI over a 5 mo follow-up. In this study, 
bortezomib was used as the sole therapeutic agent and 
only one dose was administered. 

The potential effect of bortezomib on HLA antibody 
makes it an intriguing choice for desensitization. 
However, experiences with bortezomib as an alternative 
desensitizing agent are currently limited. Idica et al[20] 
reported the effect of bortezomib in thirteen highly 
sensitized patients. They found elimination of DSA in 
10 of the patients and reduced MFI in the remaining 
three. Trivedi et al[17] reported a decrease in anti-
HLA antibodies, both DSA and non-DSA, to less than 
1000 MFI in nine of eleven patients treated with a 
combination of bortezomib and PLEX. The two patients 
without successful desensitization had strong HLA-
antibodies with a peak MFI greater than 10000. Four 
patients had reappearance of anti-HLA antibodies 
after the initial reduction. However, all patients had 
stable graft function at a mean follow-up of 4 mo post-
transplant[17]. Wahrmann used two cycles of bortezomib 
for pre-transplant desensitization in two highly sensitized 
kidney recipients[21]. Dexamethasone was added to 
the second cycle to enhance treatment efficacy. PRA 
decreased slightly from 87% to 80% in one patient 
and 37% to 13% in the second patient. However, 
both patients showed a greater than 50% reduction in 
the degree of complement fixing anti-HLA antibodies. 
Reghavan et al[22] reported a kidney transplant recipient 
with a weak binding DSA who successfully received 
a deceased-donor kidney transplant after using 
bortezomib in combination with rituximab. The patients 
cPRA was reduced from 57% to 31% and the DSA, 
became undetectable after transplant. The reduction in 
complement fixing antibodies is significant since they 
are mostly responsible the acute presentation of c4d 
positive ABMR and are difficult to modify. However, non-
complement binding antibodies acting via antibody-
dependent cell-mediated cytotoxicity are equally 
deleterious leading to chronic ABMR and transplant 
glomerulopathy[23]. 

In most studies, bortezomib shows promising outcomes 
for HLA desensitization. There is evidence, albeit limited, 
suggesting that bortezomib may be effective for altering 
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The role of eculizumab for HLA desensitization is not 
well defined. There is some evidence that eculizumab 
is effective in preventing ABMR in highly sensitized 
recipients. Stegall et al[27] reported significantly decreased 
incidence of early ABMR in 26 highly sensitized recipients 
with a positive crossmatch against their living donor. The 
incidence of ABMR was 7.7% (2/26) in the eculizumab 
group compared to 41.2% (21/51) in the control group. 
The two cases of ABMR in the eculizumab group occurred 
on post-transplant day seven and 14 in the setting of 
increased DSA and a biopsy that showed both C4d 
deposition and glomerular microthrombi. PLEX was 
instituted resulting in the resolution of the histologic 
features of ABMR in one week. The percentage of 
patients who developed high levels of DSA (MFI > 
10000) in the first three months after transplant was 
similar in both groups. As expected, eculizumab did not 
have an impact on the presence and strength of DSA 
after transplant[27]. Long-term follow-up of eculizumab 
treated patients showed a much higher incidence of 
transplant glomerulopathy. Thus, C5 inhibition, alone, 
does not provide long-term protection from other forms 
of antibody-mediated injury. This raises the question of 
the need for concomitant B cell and antibody reduction 
therapies to prevent the development of transplant 
glomerulopathy.

There are some limitations to the use of eculizumab 
for desensitization. The duration of therapy after 
transplant has not been well established. Therefore, 
treatment may need to be continued indefinitely. 
Furthermore, it has no depletive effect on DSA and thus 
cannot alter the underlying immune disorder. Eculizumab 
only has effect against complement binding HLA 
antibodies. This can prevent acute ABMR but will likely 
be ineffective for the prevention of chronic ABMR and 
transplant glomerulopathy since this is mostly mediated 
by non-complement dependent pathways (antibody-
dependent cell-mediated cytotoxicity). Finally, the cost 
of eculizumab is prohibitive in many settings and may 
ultimately limit its utility in kidney transplantation.

ABO INCOMPATIBLE TRANSPLANTATION
The development of protocols allowing for the transplantation 
of ABOi pairs has expanded the donor pool to recipients 
with a living donor who would otherwise be awaiting 
a deceased donor. ABOi transplantation has eased the 
pressure on the deceased donor waiting list and improved 
outcomes by transplanting recipients before they begin 
to experience the burden of chronic renal replacement 
therapy. Early experience in kidney transplantation 
showed that transplanting blood type incompatible 
donor/recipient pairs lead to hyperacute rejection and 
allograft thrombosis. Anti- A/B isoagglutinins bound to 
antigens on endothelial cells incite a cascade of events 
that leads to graft failure, often within minutes of graft 
reperfusion. Anti-A and B isoagglutinins are distinct 
from HLA antibodies in that they are natural antibodies 
that are likely produced in the bowel and peritoneum 

by precursor B1 cells in response to the presence of 
normal bacteria. Individuals are sensitized to non-self 
carbohydrate chains that exist on red blood cells and 
vascular endothelium. These chains are represented by 
the designation of blood types A, B, and AB. Those with 
blood type O do not express these chains and therefore 
develop antibodies to both A and B isoagglutinins. 

There is now a wealth of experience with ABOi 
transplantation which dates back to the 1980s[28-30]. Early 
experience with ABOi transplantation occurred primarily 
in Japan where, at that time, there was limited availability 
of deceased donors. Through this early experience three 
essential components of successful ABOi transplantation 
were elucidated. They include antibody removal, B cell 
depletion, and pre-transplant immunosuppression. Many 
center specific protocols have been developed based on 
these principles[31] (Figure 2). PLEX was initially employed 
to remove anti-A/B antibodies prior to living donor 
transplantation, but this alone was not successful. It 
was the addition of B cell depletion by splenectomy that 
allowed early success[32]. However, the requirement of 
splenectomy for successful ABOi transplantation limited 
its wide spread acceptance given the added surgical risk 
and resultant life-long risk of infection. The development 
of rituximab eliminated the need for splenectomy allowing 
the process to be more palatable to both physicians and 
patients. 

Outcomes in ABOi transplantation have markedly 
improved over the years. In Japan, higher rates of 
rejection and graft loss were seen prior to the introduction 
of tacrolimus and mycophenolate mofetil. Toki et al[33] 
analyzed the impact of ABMR on ABOi transplantation. 
In this study, 58 consecutive ABOi transplants were 
divided into two groups: those that developed ABMR 
within months and those that did not. Graft survival 
was statistically less at 3, 5, and 8 years after transplant 
(95% vs 49%) in the ABMR group. Multivariable analysis 
revealed the presence of HLA DSA and an anti A/B titer 
≥ 1:32 to be predictive of ABMR while pre-transplant 
immunosuppression with mycophenolate mofetil was 
protective. Successful ABOi programs incorporate these 
elements into their protocol starting immunosuppression 
with mycophenolate mofetil with or without tacrolimus and 
steroids one to four weeks prior to transplant, achieving 
an anti-A/B titer of < 1:32 at the time of transplant, and 
screening for anti-HLA antibodies (Figure 2).

Isoagglutinin titers have a large impact on the 
incidence of rejection and graft outcomes after ABOi 
transplantation. However, recognition of titer rebound 
and post-transplant PLEX have improved outcomes 
dramatically. Won et al[34] explored the significance 
of isoagglutinin titers in a retrospective analysis of 95 
patients receiving an ABOi allograft. The desensitization 
regimen consisted of pre-transplant immunosuppression 
with tacrolimus, mycophenolate mofetil, and steroids 
seven to ten days prior to transplant. Rituximab, fixed 
dose (200 mg or 500 mg), was administered two to 18 d 
prior to PLEX. The goal titer at the time of transplant was 
≤ 1:4. Basiliximab was administered for induction at the 
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time of transplant. Isoagglutinins rebounded and peaked 
two weeks after transplant. There were 34 patients 
(35.8%) that had a rebound in titer to ≥ 1:16. Titer 
rebound was associated with an initial pre-transplant 
titer ≥ 1:256, rituximab administration ≤ 7 d prior to 
initiation of PLEX, and blood type O. Titer rebound was 
treated with additional post-transplant PLEX. Only one 
episode of ABMR was reported with at titer of 1:32 at the 
time of rejection. The addition of immune globulin to the 
preconditioning regimen may also have the beneficial 
effect of limiting titer rebound and is used in many 
protocols around the world (Figure 2). 

The use of rituximab facilitated the expansion of ABOi 
transplantation by obviating the need for splenectomy. 
Sonnenday et al[35] reported in 2004 an early case series 
of successful ABOi transplantation using a regimen 
consisting of PLEX, low-dose CMV immune globulin and 
rituximab. Many other groups have since reported good 
outcomes with rituximab making it a key ingredient in 
the current era of ABOi desensitization (Figure 2). More 
recently, there has been a trend toward minimizing 
the dose of rituximab in an effort to prevent infections 
and decrease costs. Some programs have successfully 
used doses as low as 200 mg[36]. Successful ABOi 
desensitization has also been described in the absence 
of both rituximab and splenectomy. Montgomery et al[37] 
reported a series of 24 patients who underwent ABOi 
transplantation without pre-transplant B cell depletion. 
Good short-term outcomes were achieved with 100% 
graft survival. There were three episodes of ABMR. 
Two were treated with additional PLEX and one with 
salvage splenectomy. B cell depletion, via splenectomy 
or rituximab, has long-term proven efficacy. A minimalist 
approach to ABOi transplantation should only be undertaken 

by experienced transplant centers. 
Excellent short and long-term outcomes have been 

achieved following these principles. Genberg et al[38] 
reported no difference in rejection or allograft survival 
in ABOi recipients vs ABO compatible recipients at three 
years after transplantation using a protocol consisting of 
immunoadsorption (antibody removal), pre-transplant 
immunosuppression with mycophenolate mofetil, and 
B-cell depletion with rituximab (Figure 2). Analysis of 
variables associated with rejection revealed elevated 
anti-A/B titer prior to transplant, absence of pre-
transplant immunosuppression, and presence of DSA.

KIDNEY PAIRED DONATION
The recent development of kidney paired donation 
programs has facilitated the transplant of hundreds of 
patients in the United States. These programs may be 
an option for kidney transplant recipients with an HLA or 
blood type incompatible living donor. Many paradigms 
exist and range from simple two way exchanges to 
long, so-called domino chains that have bridging donors 
(Figure 3). Programs are able to completely avoid 
unacceptable antigens and blood types removing the 
need for desensitization in patients with an easy to 
match phenotype. However, those who are very broadly 
sensitized with strong HLA antibodies remain a challenge. 

A combination of desensitization therapies with kidney 
paired donation may result in donors with more favorable 
immunologic profiles. The group at Johns Hopkins recently 
reported on their experience combining desensitization 
with kidney paired donation[39]. Mathematical simulations 
have shown that this approach may improve the 
rates of transplantation with kidney paired donation 
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programs. Yabu et al[40] recently reported the successful 
transplantation of five patients with a cPRA of 100% 
utilizing this approach. Desensitization consisted of 
IVIG and rituximab with the addition of bortezomib and 
PLEX in one case. Some centers have also adopted the 
approach of accepting an ABO incompatible donor in 
exchange for one that is HLA compatible.

Kidney paired donation provides a good alternative to 
desensitization in many circumstances; however it is not 
uniformly effective. A major limitation is that one must 
have a living donor available to present to the exchange. 
In addition, favorable donor characteristics including 
age and blood type must be taken into consideration 
and effect the likelihood of achieving a match. Patients 
who are very broadly sensitized with strong binding HLA 
antibody will be persistently difficult to match without the 
use of desensitization therapies. 

FUTURE APPROACHES
The ongoing development of biologic agents particularly 
for the treatment of rheumatologic diseases may 
provide new avenues of exploration for desensitization. 
All of these agents modulate B cell activity. 
Epratuzumab targets CD22 on B cells and effectively 
modulates their activity. It has shown promise in 
patients with systemic lupus erythematosus (SLE)[41]. 
Belimumab, an antibody directed against B lymphocyte 
stimulator (BLyS) was recently approved for SLE 
and also has B cell modulator effects via inhibition 
of B cell proliferation[42]. Atacicept is currently under 

study in SLE and acts as a soluble receptor for the B 
cell proliferation cytokines BLyS and a proliferation-
inducing ligand (APRIL) thereby neutralizing their 
activity. A decrease in total IgG levels has been 
demonstrated in early phase studies. Tocilizumab is 
a monoclonal antibody directed against the receptor 
for interleukin-6, a potent inflammatory cytokine. It is 
currently approved for rheumatoid arthritis and leads 
to reductions in IgG and inflammatory responses. It 
was shown in to modulate the development of DSA in 
a mouse model of allosensitization[43].

In summary, desensitization therapies with IVIG, 
rituximab and PLEX have greatly improved the access 
to and success of incompatible transplantation, both 
for HLA sensitized and ABOi patients. However, it is 
important to continue to pursue newer, potentially less 
toxic approaches that focus on B cells, plasma cells and 
inhibition of complement-activating antibodies. These 
basic therapies have also gained acceptance in treatment 
of ABMR and will likely become more important in 
transplant medicine as the impact of de novo DSA 
generation post-transplant is better understood.
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