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Kidney transplantation is the treatment of choice for patients with end-stage renal disease
BOSTON, MASSACHUSETTS

(ESRD) because it prolongs survival, decreases morbidity, and improves quality of life.
Nevertheless, kidney transplantation is hampered due to decreased organ availability; for
example, as of June 2009, >80,000 individuals in the United States (US) were waiting for
a cadaveric renal transplant. It is expected that nearly 100,000 individuals will be waiting
for a kidney transplant in the US by 2010. Since approximately 9,000 to 10,000 cadaveric
renal transplants are performed each year, it is clear that waiting times for a kidney trans-
plant will continue to rise.! Furthermore, the number of sensitized patients on transplant
waiting lists is also increasing; these are patients who have developed antibodies against
human leukocyte antigens (HLAs). The waiting time for sensitized patients is even longer,
since they have an additional immunological barrier to transplantation. In some sensi-
tized patients who had living donors, transplantation could not be performed because the
recipients had antibodies against their potential donors. Nevertheless, recent advances
have made kidney transplantation possible in sensitized patients by decreasing their anti-
body production. This issue of Nephrology Rounds is focused on defining the immunologic
features of sensitized patients and describing methods to detect alloantibodies; the issue
also outlines current desensitization protocols, and discusses clinical outcomes for the
sensitized renal transplant recipient (RTR).

Characterization of highly sensitized patients

Patients are sensitized to HLA through blood transfusions, pregnancy, and previous organ
transplants. Women with ESRD are disproportionately sensitized compared with men; approxi-
mately 60%—80% of highly sensitized patients are women. The degree of immunization is
much stronger (as determined by the antibody titer) and prolonged when different causes of
immunization act together within the same patient.” Panel reactive antibody (PRA) titers reflect
the patient’s degree of sensitization. PRA is defined as the percentage of a panel reacting with a
patient’s serum or the percentage of donors expected to react based on known antibody activi-
ties. Currently, 17% of patients on the waiting list have PRA titers between 10% and 79%, with
8% having PRA titers >80%.’ In 2000, only 2.8% of all kidney transplants were performed in
sensitized patients, even though this population represents approximately 20% of the waiting
list." Thus, the highly sensitized patient is destined to wait extended periods of time on dialysis,
a factor known to increase morbidity and mortality. In addition, transplant outcomes in highly
sensitized patients are inferior to those in nonsensitized patients.*

Crossmatch methods and detection of alloantibodies

Complement dependent cytotoxicity (CDC) methods have formed the basis of anti-HLA
antibody detection, since it was first introduced by Patel and Terasaki in 1969.° The widespread
use of CDC crossmatch has resulted in the almost complete elimination of hyperacute rejection
in the modern era. In this test, the serum of the recipient is incubated with lymphocytes from
the donor, and a complement is added to determine if the recipient has antibodies that bind to
donor cells, activate the complement and the membrane attack complex, and result in cell death.
The sensitivity of the cytotoxic assay can be enhanced with the use of an antihuman globulin
(AHG) antibody as a secondary reagent (AHG-enhanced crossmatch). A positive cytotoxic
T-cell immunoglobulin G (IgG) crossmatch is an absolute contraindication to transplantation.’

The flow cytometry (FC) crossmatch was introduced in 1983 as a more sensitive test. This
test does not rely on complement fixation, but rather measures the binding of recipient Ig mole-
cules to donor cells. Bound Ig is detected by a second anti-Ig that is conjugated with a fluorescent
dye. FC may detect low titers of complement fixing or noncomplement fixing anti-HLA anti-
bodies, as well as non-HLA-related antibodies. Although this test is sensitive, it lacks specificity;
therefore, in order to confirm the specificity of a positive FC crossmatch, additional tests should
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be performed to demonstrate the presence of donor-specific
antibodies (DSA) directed against class T and Tl HLA

The solid-phase assays (enzyme-linked immunoabsor-
bent assay [ELISA], Flow Specific Beads™ and FlowPRA®)
are specific tests to detect anti-HLA antibodies. Flow
Specific Beads™ and FlowPRA® are membrane- independent
flow cytometric techniques utilizing purified HLA antigens
coupled to microparticles. The cutoff used for a positive test
using HLA antibodies with the Luminex screen assay is a
reactivity of >1000 mean fluorescent intensity (MFT), which
is the arithmetic average of the fluorescence of a sample
number of cells. Mizutani et al® demonstrated that titers of
alloantibodies were correlated with MFI values obtained by
Luminex machines.

Recently, interest in non-HLA antigens as targets of
injury in organ transplant recipients has increased. This
growth has been spurred by observations that HLA-iden-
tical kidney transplants also undergo immunological rejec-
tion. Polymorphisms within non-HLA genes associated with
eliciting an immune response to alloantigens are currently
being studied for their association to transplant outcomes.
Non-HLA antigens, such as the polymorphic major histo-
compatibility complex (MHC) class I-related chain A
(MICA), expressed on endothelial cells have been implicated
in the pathogenesis of hyperacute, acute, and chronic organ
allograft rejection” As with HLA antigens, exposure to allo-
geneic MICA during transplantation can elicit antibody
formation. Soluble MICA can be detected in transplant
recipients, and its presence in the serum of heart transplant
recipients was associated with an increased incidence of
rejection within the first year after transplant.”® Since MICA
antigens are not expressed on lymphocytes, which are the
cells commonly used for crossmatching, antibodies directed
against MICA are not detected with the methods generally
used. However, polymorphic MICA antigens are expressed
on endothelial cells and are found to be cytotoxic in the
presence of serum complement, so it is likely that such anti-
bodies are harmful to vascularized allografts."" Most institu-
tions now test MICA antigens on a routine basis with every
potential transplant recipient.

Definition of antibody-mediated rejection

Patients who are sensitized are at higher risk of devel-
oping antibody-mediated rejection (AMR). This entity is
different from cellular rejection, which, by definition, isa T
cell-mediated process. The term AMR applies to a wide
variety of severe vascular and epithelial lesions in the allo-
graft. The presence of DSA directed toward MHC class I
and class IT antigen in serum indicates, along with the accu-
mulation of complement C4d along peritubular capillaries,
a direct interaction of alloantibodies with the allograft.”
AMR is increasingly recognized as a spectrum of allograft
injury ranging from hyperacute rejection, occurring within
minutes of exposure to high levels of DSA, to acute AMR,
resulting from an increase in DSA activity developing within
days to weeks after transplant. Long-term exposure to low
levels of DSA may result in chronic AMR, which manifests
months to years after transplant. Usually, aggressive therapy
for acute AMR is effective in reestablishing renal function,
but the long-term prognosis tends to be poor due to chronic

vascular injury, usually manifested as transplant glomeru-
lopathy.” The occurrence of slowly progressive antibody-
mediated damage, supported by C4d findings and the
presence of circulating DSA, is associated with graft loss.

Mechanisms of injury in
antibody-mediated rejection

The endothelium of transplanted organs serves as the
primary target of patient immune responses. In the humoral
theory of organ transplantation, the endothelium of a donor
organ is primarily targeted by alloantibody, either pre-
existing or developed de 70vo after transplant.'*** The inter-
action of endothelial cells with high levels of DSA results in
complement activation, and causes cell death, loss of vascular
integrity, and subsequent ischemic injury.”” Exposure to
DSA may result in complement-mediated allograft injury
due to endothelial-cell activation that induces the formation
of intercellular “gaps,” the shedding of heparin sulfate mole-
cules with loss of cell-surface electronegativity, and the
exposure of subendothelial matrix to plasma coagulation
factors and platelets, resulting in vascular thrombosis.*® In
addition to complement-mediated allograft injury, exposure
to MHC class I antibodies is capable of inducing apoptosis
of vascular endothelium, as described in studies of human
allografts experiencing acute AMR?”?*® Antibody binding
and complement activation induce a series of pathological
changes in the graft endothelium that promote intravascular
thrombosis. Endothelial cells are stimulated to secrete von
Willebrand factor that mediates platelet adhesion and aggre-
gation. Complement activation leads to endothelial-cell
injury and exposure of subendothelial basement membrane
proteins that activate platelets. These processes contribute
to thrombosis and vascular occlusion; therefore, the organ
suffers irreversible ischemic damage.” It is apparent that
variable levels of DSA activity may result in allograft injury
through a variety of mechanisms, including both comple-
ment-dependent and independent pathways, leading to
necrosis and endothelial-cell apoptosis.”

The speed of any potential pathological change after
endothelial injury depends on 3 major factors:

* Level of alloantibodies: Patients with <10% PRA have
significantly longer allograft half-lives than patients with
higher levels of sensitization.”

* The capacity of tissue repair within the transplanted
organ: This is the major mechanism impeding or post-
poning the development of rejection, but the regeneration
capacity is tissue dependent. Some tissue cells have the
capacity to regenerate after injury, including renal tubular
cells.

* Immunosupression and other supportive therapies:
Different immunosuppressants have different effects in
inhibiting antibody development.’***

Current treatment approaches

The financial and emotional costs of maintaining highly
sensitized transplant candidates on dialysis for years are
enormous. As a result, early transplantation would lead to
considerable cost savings, reduced morbidity and mortality,
and improvements in quality of life; all of these goals have
been difficult to achieve until recently.”® Various strategies



enable desensitization for renal transplant recipients who are

highly sensitized. Therapeutic strategies for desensitization

include various combinations of the following:

¢ intravenous (IV)Ig

e removal of antibodies by plasmapheresis (PP) or immuno-
adsorption (IA)

e rituximab (anti-CD20)

® splenectomy.

IVIg is prepared by isolating the polyclonal IgG fraction
out of plasma that has been pooled from hundreds of
healthy blood donors. While the mechanisms of action
remain obscure, IVIg has been shown to inhibit comple-
ment binding and B- and T-cell activation and proliferation,
and to neutralize circulating anti-HLA antibodies through
anti-idiotypic activity.”* Furthermore, studies have suggested
that IVIg interferes with alloantigen recognition, resulting
in inhibition of the mixed leukocyte reaction (MLR). One of
the mechanisms for this action seems to be a reduction in
the numbers of intact B cells and monocytes, and a reduc-
tion or modulation of CD19/CD20 and CD40 expressions
on B cells. Toyoda et al’’ demonstrated that the B-cell
modulation is primarily a result of apoptosis. Several other
mechanisms of action have been proposed for IVIg, such as:
the modification of autoantibody and alloantibody levels
through induction of anti-idiotypic circuits; inhibition of
cytokine gene activation and anticytokine activity; anti-T-
cell receptor activity; Fc receptor-mediated interactions with
antigen presenting cells to block T-cell activation; anti-CD4
activity; and inhibition of complement activity.

Recently, other investigators have demonstrated that
IVIg inhibits the generation of C5b-C9, the membrane
attack complex (MAC), thus preventing antibody-mediated
injury.’® IVIg also inactivates C3b and accelerates C3b cata-
bolism; in fact, it was demonstrated that a critical difference
between xenografts surviving through accommodation
versus those lost through antibody-mediated rejection was
the lack of C5b-C9 MAC in the grafts with accommodation.
Furthermore, there are data suggesting that IVIg inhibits
the maturation and function of dendritic cells, impairing
their antigen presenting-cell activity and inducing inter-
leukin (IL)-10 production.’” These data are in concert with
previous data demonstrating similar effects on B-cells.”’

IVIg given to highly sensitized patients results in
reduced allosensitization and ischemia-reperfusion injury,
fewer acute rejection episodes, and more successful long-
term allograft outcomes for both cadaveric- and living-donor
recipients.”® The only controlled clinical trial of desensitiza-
tion therapy is the National Institutes of Health (INITH)
IGO?2 Study.* This controlled, clinical, multicenter, double-
blinded trial compared IVIg versus placebo in highly sensi-
tized patients who were awaiting kidney transplantation.
The study design for this difficult-to-transplant group was
to determine whether IVIg could reduce PRA levels and
improve rates of transplantation without simultaneously
increasing the risk for graft loss. The results indicated that
IVIg was superior to placebo in reducing anti-HLA anti-
body levels and improving rates of transplantation; in addi-
tion, although more acute rejection episodes were seen in
the IVIg group, graft survival and allograft function were
similar to the placebo group. The study concluded that

transplant rates for highly sensitized patients with ESRD
awaiting kidney transplant were improved by IVIg therapy;
further, IVIg desensitizes these highly sensitized patients
and offers significant transplantation benefits without the
patients experiencing excessive allograft loss.

Another approach for desensitization that has been used
in living donor kidney transplants is PP plus IVIg. This
protocol produces a rapid reduction in anti-HLA titers and
allows transplantation after 4-5 PP treatments prior to
transplant. Tt is critical to perform the transplant within a
few days of the last PP treatment because rebound of anti-
HLA antibodies occurs and can negate the benefits achieved
with previous treatments.

While much effort in transplantation has focused on the
role of T cells in allograft dysfunction, it is becoming
increasingly clear that B-cell-mediated events also affect
long-term allograft outcomes; as a result, rituximab is an
emerging desensitization approach. Rituximab is a chimeric
mouse/human monoclonal anti-CD20 antibody that inhibits
B-cell proliferation resulting in rapid B-cell depletion.
Rituximab binds specifically to the CD20 molecule, which
is present on the surface of pre-B and mature B cells, but
not expressed on plasma cells or other tissues.” Despite the
fact that CD20 is not expressed on plasma cells, rituximab is
effective at preventing new alloantibody producing plasma
cell formation by eliminating precursor B cells and inhibiting
B-cell driven antigen presentation and costimulation of T
cells. In combination with strategies including PP and IVIg,
rituximab has become an important addition to desensitiza-
tion protocols. A small Phase 1 study®® found a decrease in
PRA and/or antibody specificity in most of the treated
patients; these data were confirmed with the use of single-
antigen HLA beads. Currently, rituximab is used as rescue
therapy in acute humoral rejection, and as adjunctive
therapy to pretransplant PP protocols.

Splenectomy removes a major source of lymphocytes,
including antibody-secreting B cells, B-cell precursor cells,
and plasma cells. However, the effect of splenectomy on the
immune system is permanent and patients are at risk of
developing life-threatening sepsis from encapsulated
bacteria.’ Historically, splenectomy has been used for
preemptive treatment of antibodies blood group (ABO)-
incompatible recipients and in selected circumstances for
patients with a positive DSA who are at high risk of AMR.*
Recently, there have been reports of splenectomy performed
as a rescue treatment for severe AMR.¥* In the report by
Loche et al,” 5 patients underwent emergent splenectomy
followed by PP + IVIg and had a return of allograft function
within 48 hours after the procedure. All patients had func-
tioning grafts and there was a mean follow up of 18 months.

Early and late transplant outcomes

Since desensitization is a fairly recent procedure, relatively
few centers in the United States have attempted to transplant
sensitized patients. As a result, outcome data are limited, but
the following section reviews the available findings.

The clinical outcome of 13 highly sensitized patients
who were desensitized by 3 courses of IVIg pre- and post-
transplant was studied by Goeltz et al.” Graft survival at 1
year was 84%, but 1-year creatinine was not available and



protocol biopsies were not performed. Similarly, Jordan
et al*’ reported findings from a series of 16 patients
who underwent transplantation after successful desen-
sitization and received additional IVIg infusions
monthly for 4 months. At 2 years, graft survival was
80% and serum creatinine was numerically higher in
the IVIg group versus the placebo group (mean
1.68+0.28 vs 1.28 £0.13 mg/dL; P=0.29); however, no
data were available concerning histological progression.

In a recent pilot study,” TVIg was given post-trans-
plant to 44 patients who had a previous positive T-cell
crossmatch and/or previous or current positive DSA.
All patients received a cadaveric renal transplant, had a
current negative T-cell crossmatch on the day of trans-
plantation, and were ABO compatible. The patients
received IVIg on days 0, 21, 42, and 63. The authors
observed that there was a complete disappearance of
PRA in the majority of the patients with alloantibodies
at transplantation 1 month after the completion of the
IVIg administration. This result is not typical of those
reported in pretransplant desensitization studies that
show only a partial decrease of PRA after IVIg; there-
fore, these data must be interpreted cautiously because
of a lack of long-term follow-up. What makes this
study important is the fact that protocol biopsies were
performed on every patient at 3 and 12 months post-
transplant. The biopsies demonstrated that despite a
good glomerular filtration rate (GFR) posttransplant,
there was an increasingly high rate of interstitial
fibrosis and tubular atrophy. Despite these findings, the
patient and graft survival figures were 97% and 95%,
respectively, and no graft was lost due to rejection
(mean follow-up was 25 months).

AMR is now widely recognized as a major problem
in organ transplantation, especially in sensitized renal
transplant recipients. Endothelial inflammation is one of
the mainstays of AMR. Activation and/or apoptosis of
endothelial cells can occur, suggesting that not only
HILA-specific antibodies, but also non-HLA antibodies
may initiate damage. Recently, a study by Lefaucher
et al* analyzed the incidence and course of AMR in a
cohort of 237 renal transplant patients who were
followed for an average of 30 + 20 months. Factors
associated with a negative outcome after an AMR were
the presence and/or persistence of DSA posttransplan-
tation, as well as specific histological markers on biopsy,
including neutrophilic glomerulitis, peritubular capillary
dilatation with neutrophilic infiltrates, and interstitial
edema. Interestingly, the persistence of C4d does not
predict outcome, since ABO-incompatible transplants
can have excellent graft function despite the persistence
of C4d. At present, treatment for AMR includes
immunological strategies targeting removal or neutral-
ization of alloantibodies, as well as inhibition of B-cell
proliferation and new formation of alloantibodies.
Combinations of PP, IVIg, and/or rituximab have been
investigated. In most studies, short-term graft and
patient survival were 80% and 99%, respectively, but
long-term data are still lacking.*
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The Mount Sinai group” reported on the use of
low-dose IVIg (300 mg/kg) and thymoglobulin induc-
tion in 15 patients, who had a positive CDC for B cell
and FC for T or B cell. Three patients developed early
AMR and, subsequently, 4 more patients developed
acute AMR,; further, the MFT of all patients with acute
AMR had strong DSAs (MFI > 6,000). After this expe-
rience, the group performed PP on patients with strong
DSA. Living-donor kidney transplant candidates
received 4-8 sessions of pretransplant PP over 2-3
weeks and underwent transplantation after the MFI
values of DSA decreased to <6,000. Deceased-donor
kidney transplant recipients with strong DSAs received
3 sessions of PP every other day starting on postopera-
tive day one. This protocol change resulted in a
dramatic decrease in the acute AMR rate to 7% in the
following 14 patients with strong DSAs."

The study by Vo and colleagues* builds on the
NIH IGO2 study by applying a new method of desen-
sitization for recipients of kidneys from deceased or
living donors. In this method, IVIg and rituximab were
administered to 20 highly sensitized patients with a
mean PRA level of 77£19%. Patients had a mean time
on dialysis of 12 years, and were at the top of the deceased
donor list, delayed only by their sensitized status, and were
likely to receive a transplant offer if desensitization
succeeded. Acute rejection occurred in 50% of the
patients, 31% were antibody-mediated rejections,
mostly in the first months after transplant. Patient and
graft survival were 100% and 94% respectively, with all
patients having at least 12 months of follow up. Even
though there was a high rate of rejection early post
transplantation, these were reversible and the 1-year
patient and graft survival were excellent, without an
unusually high rate of infectious complications.

PRA is strongly associated with long-term graft
loss in HLA-identical sibling-kidney transplantations.
Opelz et al* compared over 4000 HLA-identical
sibling transplantations with over 160 000 cadaveric
transplants. The presence of PRA in the deceased-
donor group was associated with significant reductions
in graft survival in the first year, but there was no effect
in the HLA-identical transplantations. However, long-
term follow-up in the HLA-identical group revealed a
major effect of PRA in recipients with high levels of
PRA (>50%). In this group, the number of functioning
grafts was significantly lower at 10 years compared with
patients with a low level of PRA.

Recent data indicate that humoral alloreactivity
and slowly progressive antibody-mediated damage can
eventually lead to chronic rejection.’”* Histological
evidence reveals an association between transplant
glomerulopathy and C4d glomerular deposits, and
peritubular capillary basement membrane multilay-
ering.’® C4d deposition preceded the development of
transplant glomerulopathy in most patients with serial
biopsies, suggesting an important role of DSA and local
complement activation in the development of trans-
plant glomerulopathy.’




Table 1: Desensitization protocols and their outcomes

Author Year | N | Protocol

AMR Mean Patient | Graft
follow-up | survival | survival

Schweitzer®” | 2000 | 11
Muromonab—-CD3 x 10 doses

PP before and affer Tx, IVlg and

27% | 3-26 months | 100% 100%

Daclizumab as induction.

Gloor® 2003 | 14 | PP, low dose IVlg, rituximab and splenectomy 23% | 15 months 86% 78%
at the time of Tx. Thymoglobulin as induction.
Jordan®? 2003 | 14 | IVig and tx when crossmatch is negative. 43% | 24 months 98% 89%

IVig at time of Tx and one month affer.

Akalin®¢® 12003, | 17 | Low dose IVIg before Tx and on POD 1 and 2. | 18%

15 months 100% 88%

2005 Thymoglobulin as induction.
Stegall®’ 2006 | 49 | Pis received 3 different protocols with 1 year 93% 82%
thymoglobulin as induction: actuarial
High dose IVIg (n = 5) 80%
PP, IVIg, rituximab (n = 30) 37%
PP, IVig (n=14) 29%
Magee®? 2008 | 28 | PP, IVlg, rituximab. Induction with thymoglobulin | 39% | 22 months 93% 89%

Akalin®? 2008 | 35 | Pts received 3 different protocols:

High-dose IVIlg and thymoglobulin induction 0%
(DSA MFI less than 6,000) (n=12)

16 months 100% 100%

(DSA MFI >6,000) (n=9)

High-dose [Vlg and thymoglobulin induction 44%

22 months 100% 78%

(DSA MFI >6,000) (n=14)

High-dose Vlg, PP and thymoglobulin induction | 7%

12 months 93% 86%

alemtuzumab

Vo*® 2008 | 16 | High-dose IVlg, rituximab and induction with 31%

12 months 100% 94%

PP = plasmapheresis; Tx = transplant; [Vlg = intravenous immunoglobulin; DSA = donor-specific antibodies; MFI = mean fluorescent intensity;

POD = post-operative day; AMR = antibody-mediated rejection

Future directions

Recently, within Eurotransplant (ET), the Accep-
table Mismatch (AM) program was developed. This
program consists of a special highly sensitized waiting
list consisting of patients with current or historical sensi-
tization of 285% PRA. Acceptable mismatches are
defined as those against which the recipient has never
made antibodies and are considered to be acceptable as
mismatch for the potential donor organ. When a blood
group compatible deceased donor becomes available,
exhibiting HLA-A, -B, and -DR matched to the reci-
pients antigens, it is first offered to a highly-sensitized
patient on the waiting list. The standard crossmatch
performed in the AM program is the CDC crossmatch.
Patients transplanted in the program have a 1-year graft
survival similar to that of nonsensitized patients within
ET.**% As a result, in a small group of patients in the
AM program, donor-directed antibodies detected by
single-antigen bead assay may be related to acute rejec-
tion episodes, but are not detrimental to long-term graft
outcome. However, in this study, the patients enrolled
were Dutch, which is a low-risk population for rejection
and, furthermore, none of the 34 patients who were
studied had received any induction therapy.

In the future, selective inhibition of the comple-
ment system could theoretically block the conse-
quences of iz situ complement activation triggered by
alloantibodies binding to the graft endothelial cells.
Usefulness of complement inhibitors (soluble CD35+ or
eculizumab) to block the proinflammatory consequences
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of complement activation will probably open a new era
in prevention and treatment of humoral-mediated
graft damage. This idea is supported by a recent report
demonstrating that eculizumab, a humanized mono-
clonal antibody against the terminal complement
protein C5, can effectively inhibit terminal comple-

ment activation in humans.’®

Conclusions

The sensitized renal transplant recipient presents a
unique challenge to the transplant community;
however, several protocols allow for successful trans-
plantation of these patients. Graft outcomes are now
acceptable and patient survival and quality of life have
improved. The challenge currently resides in the sensi-
tized patients without a living donor. The study by Vo
et al® is important because it potentially allows for the
transplant of patients awaiting a cadaveric allograft by
utilizing IVIg and rituximab. This protocol improved
the patient’s chances of receiving a cadaveric renal
transplant by decreasing their antibodies. The results
of this study are fascinating and may represent the
beginning of a change in the current standard of care
for managing sensitized patients with kidney failure for
whom there are limited options at present.

Dr. Grafals is a staff member with the Nephrology Division
of Brigham and Women’s Hospital. Dr. Akalin is the medical
director of kidney transplantation at the Montefiore Medical
Center, Albert Einstein College of Medicine, New York.
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