
1

[Frontiers in Bioscience, Elite, 8, 1-14, January 1, 2016]

1. ABSTRACT

While has been considerable progress in the 
short-term outcomes following renal transplantation 
over the last several decades, minimal gains have 
been made with regards to long-term graft function and 
patient survival (1). The lack of long-term gains has been 
attributed to factors such as antibody mediated rejection 
(AMR), chronic allograft nephropathy (CAN), and toxicity 
to the allograft secondary to immunosuppression. 
Ischemia reperfusion injury (IRI) is also thought to 
contribute to poor long-term graft function, and its impact 
on patient and graft outcomes will likely expand with the 
increasing use of marginal kidneys secondary to organ 
shortages. While patient survival remains far below that 
of the general population, the causes of death have 
evolved in recent years with decreases in the rate of 
death from cardiovascular disease and infection, and 
increases secondary to malignancy (2), which are largely 
attributable to the potency of modern immunosuppression. 
As such, the development of novel therapies which can 
prevent delayed graft function (DGF), minimize AMR, 
while simultaneously reducing toxicity is vital to the 
improvement of long-term graft and patient outcomes.

2. DELAYED GRAFT FUNCTION

2.1. Background
IRI is inevitable during the course of a kidney 

transplant and is the result of the various stages of the 
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transplant process; injury to the allograft begins with the 
management of the donor, and continues with organ 
procurement and transport to implantation. During this 
process, both cold and warm ischemia and immune-
mediated factors (innate and adaptive), may exact 
deleterious effects on graft function (3). The clinical 
consequences of IRI are more commonly associated 
with deceased donor kidney transplantation but may 
occur in kidneys transplanted from a living donor as well. 
IRI primary manifests in the immediate post-transplant 
period as DGF, most commonly defined as the need for 
hemodialysis in the first week following transplantation, 
but may rarely result in primary non-function of the 
transplant (4). Recent studies also demonstrate that 
DGF can negatively impact the long-term function 
of the kidney transplant (5,6). As a consequence of 
expanding the deceased donor pool through the use 
of marginal kidneys from expanded criteria donation 
and donation after cardiac death, the rate of DGF has 
increased (3). Over the last several years, there have 
been considerable advances in understanding the 
molecular pathway through which IRI acts, providing the 
opportunity to develop meaningful therapeutics in order 
to improve short-term and long-term outcomes of kidney 
transplantation. A comprehensive review of the clinical 
consequences, molecular mechanisms and the design 
of clinical trials to improve rates and consequences 
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of DGF are presented in this series (see Chun-Cheng 
Chen, et al).

2.2. Treatment and clinical trials for novel 
therapies

To date, no therapy or treatment-strategy has 
become standard of care in the prevention or treatment 
of DGF. In very limited randomized control trials, minor 
short-term improvements have been demonstrated 
in the time to recovery in DGF or prevention of DGF 
with reduced dose cyclosporine (7), and thymoglobulin 
infused intra-operatively (8). Despite several randomized 
control trials comparing various preservation 
solutions, the rate of DGF is similar between Histidine-
Tryptophan-Ketoglutarate and University of Wisconsin 
solutions (9-11). In addition to a lack of short-term 
improvements, there are no randomized control trials 
which have demonstrated a survival advantage of the 
patient or graft, which is of particular importance to the 
Food and Drug Administration when evaluating potential 
new therapies (12).

Given the recent advances in elucidating 
the mechanism of injury in IRI, novel therapeutics are 
being tested to improve both short-term and long-term 
outcomes. One such promising therapy is Diannexin 
which has been shown in animal models to prevent 
thrombosis and leukocyte recruitment to endothelial 
cells of an allograft (13). This is accomplished by 
blocking phosphatidylserine, which is translocated to 
endothelial cell surfaces secondary to ATP depletion, with 
subsequent binding of platelets and leukocytes ultimately 
leading to cellular injury (14). In a multi-center phase 
2 clinical trial, Diannexin, administered intravenously 
15 minutes following reperfusion of kidney transplants 
following prolonged ischemia demonstrated statistically 
improvement in the need and duration for dialysis 
therapy (15). Despite the early success of Diannexin in 
preventing DGF, a phase 2/3 study was terminated by the 
sponsor (clinicaltrials.gov accessed 4/19/2014). Other 
promising agents under development include I5NP, OPN-
305, and eculizumab.

I5NP is an inhibitor of the pro-apoptotic gene 
p53 which is up-regulated during IRI (16). Inhibition of 
p53 via small interfering RNA I5NP halts p53 expression 
and has been shown in animal models of IRI and in vitro 
to prevent apoptosis and protect kidney function (17,18). 
A phase1/2 study is currently underway examining the 
safety and efficacy of I5NP to prevent DGF.

OPN-305 is an antibody directed against toll-like 
receptor 2 (TLR-2). Activation of TLR-2 mediates renal 
injury by stimulating pro-inflammatory cytokines, such as 
such as IL-6 and TNF-α (19). OPN-305, a humanized anti 
TLR-2 antibody and is currently being studied in a phase 2 
study to assess the need for dialysis within 7 days following 
kidney transplantation. Inhibition of TLR-2 was shown to 

protect renal allografts from injury, as demonstrated by 
improved histopathologically and renal function, in an 
animal model of kidney transplantation (20).

Eculizumab is an antibody to the C5 component 
of the complement cascade, which is thought to 
contribute to IRI in kidney transplantation through its 
conversion to C5a. This conversion results in injury to the 
allograft both directly and via activation of the adaptive 
immune response (21). Eculizumab was developed 
and is approved for the treatment of paroxysmal 
nocturnal hemoglobinuria and atypical hemolytic uremic 
syndrome (22,23). Eculizumab, has also been used 
successfully to treat the recurrence of atypical hemolytic-
uremic syndrome post-kidney transplantation (24) and 
for antibody mediated rejection (25). There is evidence 
that C5a receptor expression is increased in transplanted 
kidneys following IRI and particularly in those with 
prolonged cold-ischemia time. In animal models of IRI, 
blockade of C5a receptor has been shown to attenuate 
cytokine release and improve kidney function (26). Pilot 
studies are underway to evaluate the role of eculizumab 
in the prevention DGF.

While exhibiting promising results in animal 
models of IRI and transplantation, other therapeutics that 
have recently been evaluated in randomized placebo-
controlled clinical trials to assess immediate graft function 
following transplantation have failed to demonstrate any 
benefit in preventing DGF. The list includes YSPSL, 
and enlimomab (27,28). YSPSL was developed as a 
recombinant fusion protein designed to inhibit P-selectin. 
The target, P-selectin, is translocated to endothelial cell 
surfaces during stress and recruits polymorphonuclear 
leukocytes. In a phase 2 study, YSPSL, compared to 
placebo, failed to improve the rates of DGF, defined as 
the need for HD within the first week post-transplant, 
and failed to decrease serum creatinine by at least 
50% immediately following transplantation. Similarly, 
enlimomab, a monoclonal antibody against ICAM-1, 
an inflammatory leukocyte recruitment protein, failed to 
reduce the risk of DGF or improve the incidence of acute 
cellular rejection in clinical studies.

The importance of preventing and treating DGF 
is highlighted in the recent FDA workshop on IRI in kidney 
transplantation (12). The workshop stressed the need for 
novel therapeutics to curtail the impact of DGF in the short-
term, but also emphasized the need to reduce the rate of 
discarded organs and improve long-term allograft function.

3. POST-TRANSPLANT MALIGNANCY

3.1. Background
Significant advances, over the last 2 decades, 

have been made in both short-term graft and patient 
survival following kidney transplantation, which are 
largely attributable to the introductionof novel induction 
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therapies, and calcineurin inhibitors. However, despite 
these improvements, the life expectancy of kidney 
transplant recipients still remains reduced compared 
to the general population in part due to death from 
malignancies. Depending on the series, malignancy 
accounts for approximately 10-18% of all patient 
deaths following kidney transplantation and is the third 
most common attributable cause of death following 
cardiovascular disease and infection (U S Renal Data 
System, USRDS 2013 Annual Data Report: Atlas of 
Chronic Kidney Disease and End-Stage Renal Disease 
in the United States, National Institutes of Health, 
National Institute of Diabetes and Digestive and Kidney 
Diseases, Bethesda, MD, 2013) (29,30). The most 
common malignancy related deaths are reported to be 
due to lymphoma and lung cancer (30).

The most common malignancies in the post-
transplant period include non-melanoma skin cancer and 
post-transplant lymphoproliferative disorders (31,32). 
The cumulative incidence of de-novo malignancies 
(excluding non-melanoma skin cancer) after 25 years 
of immunosuppression therapy, in one series, was 
found to be as high as 40% compared with a rate of 
20% in matched controls (33). The risk of acquiring 
a malignancy is not thought to be increased prior to 
transplantation (31), and as such, the increased rate is 
likely due to immunosuppression and the types of agents 
used. In fact, in one analysis, the risk of malignancy post-
transplantation is on-par to that experienced in patients 
with HIV and attributable in part to immune deficiency 
post-transplantation (34).

Specifically, with regards to the type of 
immunosuppression agents, the risk of malignancy in the 
post-transplant period has been shown to be increased 
with the introduction of more modern immunosuppressive 
agents, such as calcineurin inhibitors (CNI), though 
the increased risk has not been observed with the use 
of mTOR-inhibitor (mammalian target of rapamycin) 
based therapies nor with mycophenolate mofetil 
(MMF) (33). Due to the increased potency of CNIs 
compared with older generation immunosuppressive 
agents such as azathioprine, there is a resulting 
decreased ability of the immune system to recognize 
and eliminate cancer-specific antigens as well oncogenic 
viruses (35). Additionally, CNIs have been shown to 
promote tumor growth through vascular endothelial 
growth factor, decreased DNA repair and by cytokines 
which can promote B-cell activation (36). Unlike CNIs, 
mTOR-inhibitors, everolimus and sirolimus, have anti-
tumorigenic properties and have been associated with 
a decreased risk of de-novo malignancies when used 
as a first-line agent (37) as well as after withdrawal of 
CNIs (38). mTOR-inhibitors exhibit their anti-neoplastic 
properties through inhibition of oncogenic signaling (39). 
Despite the anti-tumor properties, mTOR-inhibitors are 
likely best reserved for those at high risk of developing 

cancer, as they are also associated with increased 
rates of acute cellular rejection and graft loss (40), in 
addition to poor wound healing and dyslipidemia (41). 
The data with regards to MMF, an inhibitor of lymphocyte 
proliferation initially developed as an anti-neoplastic 
agent, suggests that there is a decreased incidence of 
malignancy compared with azathioprine (35). Indeed, 
in vitro experimentation has demonstrated that MMF 
inhibits various tumor cell-lines (42).

In addition to the increased risk of malignancy 
with CNIs, the risk of post-transplant lymphoproliferative 
disorder (PTLD) is also increased with the use of 
lymphocyte-depleting induction therapy (35) such as 
rabbit and equine anti-thymocyte globulins. This risk is 
highest in the first year following induction and with use 
of higher doses of CNIs for immunosuppression (43). 
The risk of PTLD with the use of lymphocyte-depleting 
induction therapy is thought to be related to the unrestricted 
proliferation of B-cells infected by Epstein-Barr virus, 
which is commonly reactivated early in the post-transplant 
setting as a result of immunosuppression (44). Unlike 
more traditional induction agents such as anti-thymocyte 
globulins, IL-2 receptor antagonists (basiliximab) are not 
associated with an increased risk of malignancy (33). 
Despite this potential benefit of basiliximab, studies 
have demonstrated an increased risk of acute rejection, 
graft loss and death (45) compared with rabbit anti-
thymocyte globulin. Additionally, there is the potential 
for an increased risk of antibody mediated rejection and 
de-novo donor-specific antibodies (46).

3.2. Treatment and clinical trials for novel 
therapies

Treatment of post-transplant malignancies 
often involves decreasing, discontinuing or substituting 
immunosuppressive therapies, thereby increasing the 
risk of graft loss from inadequate immunosuppression. 
Additional risks to the graft thereafter include nephrotoxic 
chemotherapeutic agents. Minimizing the risk of post-
transplant malignancy should therefore be a key 
consideration when selecting an immunosuppressive 
regimen.

Currently, there are no on-going clinical trials 
examining the impact of novel immunosuppression 
therapy and the development of a post-transplant 
malignancy. Given the impact of malignancy on patient 
survival, tailoring the intensity of immunosuppression 
based on the risk of malignancy, in addition to developing 
novel immunosuppressive regimens, and immunological 
monitoring, are key components to the future prevention.

4. ANTIBODY-MEDIATED REJECTION

4.1. Background
Over 14,000 kidney transplants are performed 

annually in the US (www.kidney.org). Overall 1-and 
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5-allograft survival rates are approximately 90 and 70% 
(www.unos.org). Improvements in immunosuppression 
therapies have drastically reduced acute rejection rates 
in renal transplantation and increased graft survival at 
1-year (47). Rejection episodes are classified as acute 
or chronic and cellular or antibody mediated. Rejection 
episodes are generally classified into T-cell (cellular), 
B-cell (antibody) mediated, or mixed processes. Current 
induction and maintenance immunosuppressive therapies 
predominantly target T-cell immune responses, and thus, 
1-year acute rejection rates have declined to 10% (www.
unos.org). Antibody mediated rejection, however remains 
an important unmet need in transplantation and an area 
of ongoing research.

Antibody mediated rejection (AMR) is a 
significant risk factor for poor outcomes following 
transplantation, and is associated with increased mortality 
as well as graft loss (48). Risk factors for the development 
of antibodies and subsequently AMR include pregnancy, 
blood transfusion, and previous transplantation (49). 
While AMR episodes are relatively rare overall following 
kidney transplantation, the incidence exceeds 25% 
among highly sensitized patients (50,51).

Antibody mediated rejection is typically classified 
by the temporal relationship to organ transplantation. 
Hyperacute AMR, usually occurs within hours of receiving 
a transplant occurs as a result of high-titer, pre-formed 
antibodies, isohemagglutinins, or anti-endothelial cell 
antibodies and results in irreversible injury and allograft 
loss (52). Such severe, early rejection rarely occurs due 
to improvements in antibody testing (52). Acute antibody 
mediated rejection is associated with anti-HLA anitbodies 
and can occur at any time point post-transplantation, 
although it usually occurs early after transplantation (53). 
Chronic AMR is particularly problematic and seems to be 
associated with Class II donor specific antibodies (54). 
Reversibility of late antibody mediated rejection is 
also difficult, as lab monitoring generally decreases at 
this point post-transplant at which point the process is 
advanced.

4.2. Treatment and clinical trials for novel 
therapies

The mainstay of therapy for pretransplant 
desensitization as well for antibody mediated rejection 
has been aimed at ablating B cell responses or removing 
antibodies. Plasmapheresis or immunoadsorption, 
and intravenous immunoglobulin (IVIG) have been 
frequently used for removal of circulating HLA 
antibodies (55-58). Plasmapheresis non-specifically 
removes high molecular weight proteins, clotting factors, 
and complement components. Immunoadsorption 
is a selective technique where immunoglobulins are 
removed using a staphylococcal protein A column. 
The immunomodulatory effects of IVIG include 
engagement of anti-idiotypic networks, complement 

cascade blockade, inhibition of T and B cell function and 
modulation of pro-inflammatory cytokines and the effect 
is longer lasting than that of plasmapheresis (59,60). 
Both therapies are generally well tolerated, with mainly 
few hematologic side effects.

Additional adjunctive therapies which have 
been used for the treatment of AMR (for a detailed 
review on the pathophysiology and treatment of AMR, 
please refer attached article (Sandal et al), most notably 
include anti-CD20 monoclonal antibodies, proteasome 
and complement inhibitor based therapies. Rituximab, 
is a high affinity, chimeric humanized mouse anti-human 
CD20 mAb which reduces B-cell precursors responsible 
for clonal expansion during AMR. Importantly, it 
does not remove antibody-producing plasma cells. 
Bortezomib, a proteosome inhibitor, is used to treat 
plasma cell neoplasms and has potent anti-apoptotic 
activity on rapidly dividing cells. As such, it has been 
used as a primary as well as adjunctive therapy for 
acute AMR, in addition to IVIG and plasmapheresis 
based protocols (61,62). Eculizumab, is a humanized 
monoclonal antibody which binds complement protein 
C5, inhibiting the terminal complement pathway and has 
been reported to decrease antibody mediated rejection in 
sensititized renal transplant recipients (63).

A Summary of FDA Antibody Mediated 
Rejection Workshop was published in the American 
Journal of Transplantation in 2011. The report highlighted 
the need to study AMR given the high risk of associated 
allograft loss, and the fact that no FDA approved therapy 
exists for the treatment of AMR. The report further 
discussed the difficulty in systematically conducting 
randomized controlled clinical trials to study AMR. The 
difficulty in conducting trials was attributed to a variety 
of factors, including that methods to characterize 
alloantibodies have not been standardized across 
transplant centers. Flow based bead assays have an 
inherent heterogeneity in antibody measurement due to 
differences in the amount of coated antigen on beads 
from different lots, and thus the interpretation may be 
qualitative and semi-quantitative (64). Interpretation of 
the clinical significance in titer of those antibodies as 
well the effect of therapeutic interventions is difficult 
when comparing across patients and centers. In fact, no 
flow based assessment of alloantibodies has been FDA 
approved; however, such flow based assessments have 
become the standard of care at many centers. Further, 
histologic classification and diagnosis of AMR can also 
be different across center specific staining methods for 
C4d. Finally, while positive short term outcomes have 
been reported with treatment, the majority of studies 
are small numbers of patients and uncontrolled with 
significant heterogeneity in the treatment regimens. 
Long term studies providing support for treatment have 
largely not been conducted (65). Reasonable clinical 
endpoints which predict clinical benefit also need to be 
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clearly defined, such as glomerular filtration rate (GFR), 
DSA and histology (65).

5. CHRONIC ALLOGRAFT NEPHROPATHY 
AND TRANSPLANT GLOMERULOPATHY

5.1. Background
While 1-year allograft survival has substantially 

improved, long term allograft survival has remained 
relatively unchanged over the last three decades (66). 
Chronic allograft nephropathy (CAN) remains the most 
common cause of renal allograft loss, and severe CAN 
is present in almost 60% of allografts at 10-years post-
transplant (67). As many as 40% of allografts have 
dysfunction and eventually fail within 10-years post-
transplant (68,69). Chronic allograft nephropathy was 
classically characterized by a deterioration in renal 
function, interstititial fibrosis and tubular atrophy that leads 
to proteinuria, elevated blood pressure, and increases in 
serum creatinine. Early immunologic injury followed by 
non-immunologic injury contribute to its development, 
however, the etiology of CAN is not very well understood 
and represents a histologic rather than pathophysiologic 
diagnosis. Previously referred to as chronic rejection, 
the nomenclature has evolved to specify the etiology of 
allograft injury. The Banff ’05 meeting report separated 
CAN into immunologic and non-immunologic causes and 
specifically grouped CAN into active chronic allograft 
rejection (both T-cell and antibody mediated), non-
rejection infectious (infection, structurally mediated injury, 
hypertension, diabetes, drug toxicity), and non-specific 
cause (70).

CAN pathology progresses over time (71). 
Immunologic and non-immunologic factors play a role. 
Immunologic risk factors for the development of chronic 
allograft injury include multiple, late (>3 months) episodes 
of acute rejection, subclinical rejection, presence of anti-
HLA antibodies, and episodes of antibody mediated 
rejection (67,72-75). Non-immunologic factors include 
donor and recipient age, prolonged cold ischemic time, as 
well as underlying medical conditions in the recipient such 
as hypertension, hyperlipidemia, and proteinuria (71). 
The type of immunosuppressive medication has also 
been correlated with CAN (67,76-78).

Immune mediated allograft injury can be 
classified into T-cell or antibody mediated processes and 
predominates early post-transplantation (67). Chronic 
antibody based injury is believed to be at least partially 
complement mediated, leading to persistent endothelial 
cell damage (53,79).

5.2. Treatment and clinical trials for novel 
therapies

By 10 years post transplantation >60% of 
allografts exhibit evidence of severe CAN (67). Early 
intervention strategies have predominated the therapeutic 

landscape. The advent of calcineurin inhibitors has 
greatly decreased the risk of acute rejection, however, 
by 10 years post-transplantation, almost all protocol 
renal biopsies demonstrate evidence of cyclosporine 
toxicity (77). Studies of recipients of organs other than 
kidneys show a 16.5% risk of development of chronic 
kidney disease after 36 months. This risk is associated 
with hypertension, hepatitis C infection, and increasing 
age, among other factors (80). CNI toxicity is the most 
common cause of renal impairment, as evidenced by 
the number of patients requiring dialysis after organ 
transplants other than kidney and the correlation 
between high calcineurin inhibitor levels and degree of 
CAN. This is readily evidenced by a 2010 study where 
heart and lung transplant recipients had a >60% rate of 
arteriolar hyalinosis (81). Long term follow-up data from 
the ANZDATA registry demonstrated a longer mean graft 
survival with short-term CsA followed by azathioprine 
and prednisolone, compared to continuous azathioprine 
and prednisolone or continuous CsA respectively, a 
reflection that reduced exposure to calcineurin inhibitors 
may have a beneficial effect on the development of 
CAN (82).

Tacrolimus has largely replaced cyclosporine 
and most centers currently use tacrolimus in 
combination with mycophenolate mofetil with or without 
steroids as part of maintenance immunosuppression 
in the US. Tacrolimus and mycophenolate mofetil in 
combination have been associated with a better profile 
for the prevention of acute rejection (83). Naesens 
published a 2007 study of 239 protocol biopsies of 
120 renal transplant recipients treated with TAC, MMF 
and CS. Biopsy proven early rejection episodes and 
lower TAC levels were correlated with higher chronicity 
scores following transplantation, suggesting an early 
immunologic component to injury in this study (84). 
Tacrolimus therapy has been demonstrated to result 
in relatively decreased allograft fibrosis compared to 
CYA based regimen at 1 year (85). In contrast, two 
large studies show no difference based on the type 
of calcineurin inhibitor used. Multi-variate analyses 
conducted by the USRDS in 9449 patients demonstrated 
comparable graft survival regardless of cyclosporine vs 
tacrolimus based therapies (86). Similar results were 
obtained by the FK506 Kidney Transplant Study Group 
in 144 patients studied (78). In any case, evidence of 
calcineurin inhibitor toxicity is universal within a short 
time following transplantation.

MMF has largely replaced azathioprine as 
a maintenance immunosuppressive agent due to its 
improved rejection profile and is now universally part 
of clinical care. The mechanism of action of this drug is 
by inhibition of inosine monophosphate dehydrogenase 
(IMPDH). MMF has an anti-proliferative effect which has 
been thought to be useful in preventing scars associated 
with CAN, in addition to anti-proliferative effects as well 
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as enhanced apoptosis of T cells and reduce antibody 
production by B cells.

The effect of newer agents, particularly everolimus 
(proliferation signal inhibitors), as part of calcineurin-
inhibitor sparing strategies, are being investigated on 
nephrotoxicity and renal function in combination with low 
dose cyclosporine in several global clinical trials (see 
clinical trials, below). Early reports using sirolimus with 
cyclosporine reflected a lower incidence of acute rejection 
episodes compared with cyclosporine in combination with 
azathioprine and corticosteroids, however, later reports 
showed a higher incidence of poorer long term allograft 
survival and renal dysfunction when cyclosporine or 
tacrolimus were used in combination with mycophenolate 
mofetil and corticosteroids (87-90). The use of everolimus 
in an attempt to minimize CNI use is also being studied 
(see clinical trials, below).

In addition to the immunosuppression therapies 
described above to aid in the prevention of CAN through 
the prevention of rejection episodes, angiotensin II 
converting enzyme inhibitors (ACE-inhibitors) and 
angiotensin receptor blockers (ARBs) have been 
studied in the context of chronic allograft nephropathy. 
ACE-inhibitors and ARBs have been shown to reduce 
proteinuria and slow the progression of kidney disease 
in diabetic (91) and non-diabetic patients (92) with 
chronic kidney disease. Notably, a large meta-analysis 
of 21 trials with over 1500 patients followed for a median 
of 27 months concluded that ACE-inhibitor or ARB use 
results in clinically important reductions in proteinuria and 
glomerular filtration rate in renal transplant recipients (93). 
While there are reasonable short term outcomes data 
with respect to improvement in proteinuria, longer term 
data with respect to outcomes on long term allograft 
survival are lacking in the kidney transplant population.

A review of pharmaceutical industry and NIH 
sponsored studies revealed multiple open interventional 
studies which are recruiting for the treatment of chronic 
allograft nephropathy. These studies can be classified 
into induction studies, evaluating the use of particular 
induction agents (ie ATG or basiliximab and rituxan, 
clinical trial identifier NCT00476164, NCT00724022) 
on the development of CAN; conversion or comparator 
studies evaluating calcineurin inhibitor minimization or 
replacement strategies, namely via the use of everolimus 
(Clinical Trials Identifier NCT01950819). An additional 
two interventional studies are investigating the use of 
prostaglandin I2 on the development of CAN, and the 
effect of rituximab on renal function and proteinuria 
associated with C4d+ chronic renal allograft rejection. 
Multiple trials seek to understand the pathophysiology 
of CAN and to assess biomarkers which herald the 
development of this lesion, which could potentially permit 
more targeted therapies (www.clinicaltrials.gov).

6. TRANSPLANT GLOMERULOPATHY

6.1. Background
Chronic active antibody mediated injury is 

referred most commonly as transplant glomerulopathy 
and occurs in approximately 15% of renal allografts (94) 
with CAN and 20% of renal allografts overall by 5 years 
post transplantation. This diagnosis carries a poor 
prognosis leading to allograft loss in >30% of cases within 
5 years of transplantation (54). This lesion is characterized 
by glomerular basement membrane duplication and 
expansion of the lamina rara interna without immune 
complex deposits (70,79,95). The pathogenesis of TGP 
is unclear, but, given the strong association with anti-
HLA antibodies and positive C4d staining of the allograft 
with this lesion in a variety of reports, investigators 
hypothesize immune-mediated mechanisms to play a 
prominent role (79). C4d is a fragment of the classical 
complement pathway component C4 and remains 
stable in peritubular capillaries by covalent binding to 
the tissue. TG is largely believed to be a complement 
mediated process and is characterized by the presence 
or absence of C4d, a breakdown product of the classical 
complement pathway, although the absence of C4d 
could still imply antibody mediated injury, as it may have 
been present prior to sampling. Risk factors for the 
development of TG include presence of HLA antibodies, 
previous episodes of AMR, Hepatitis C seropositivity, as 
well as HLA incompatible transplantation (96). The most 
closely associated risk factor is the presence of HLA 
Class I and Class II antibodies (96). Up to 60% of cases 
of transplant glomerulopathy are not associated with 
the presence of anti-HLA antibodies (97). Antibodies 
targeting kidney antigens have been correlated with this 
lesion (98,99).

6.2. Treatment and clinical trials for novel 
therapies

Long term allograft survival remains limited 
in those with transplant glomerulopathy (54,100). No 
specific form of treatment exists for the treatment of TG. 
In addition to intensification of immunosuppression to 
prevent antibody mediated rejection, immunomodulatory 
therapies have also been implemented to treat 
TG. Intravenous immunoglobulin, plasmapheresis, 
immunoadsorption, splenectomy, and rituximab have all 
been used to treat TG, although the evidence is largely 
from uncontrolled studies (101). Early detection and 
prevention are required for optimal outcomes.

Several agents are being investigated for the 
treatment or prevention of TG. The effect of bortezomib, 
a proteasome inhibitor used for the treatment of multiple 
myeloma, is being studied in the area of TG (Clinical 
Trial Identifier NCT01349595). Endpoints include graft 
survival, reduction in glomerular filtration rate, as well as 
reduction in donor specific antibodies after transplant. 
The efficacy and safety of Eculizumab, a terminal 
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complement inhibitor currently approved for the treatment 
of paroxysmal nocturnal hemoglobinuria, is being studied 
on the incidence of subclinical antibody mediated 
rejection in sensitized kidney transplant patients (Clinical 
Trials Identifier NCT02113891). The effect of rituximab, 
an antibody targeting CD20 on B cells, on C4d+ chronic 
humoral rejection is also being studied. An additional 
Phase 4 study using Acthar, a peptide natural form of 
adrenocorticotropic hormone, is being planned as rescue 
therapy in adults with an established diagnosis of TG 
who have failed other therapies and are maximized on 
an immunosuppressive regimen (Clinical Trials Identifier 
NCT02057523).

7. CONCLUSIONS

While recent advances in immunosuppressive 
medications and antibody testing have significantly 
reduced acute rejection rates, longer term antibody 
mediated injury and complications of immunosuppression, 
including post-transplant malignancy and infection remain 
unmet needs in this field. Few novel therapies have been 
added into the armamentarium of the transplant physician 
with an impact comparable to that of calcineurin inhibitors. 
Expansion of the donor pool through the employment of 
enhanced immunosuppressive regimens has led to the 
successful use of incompatible organs; however, delayed 
graft function and antibody mediated injury have become 
more prevalent with the use of expanded criteria donor 
kidney and HLA and ABO incompatible transplantation. 
Calcineurin inhibitor sparing and minimization strategies 
are being studied in the context of clinical trials to limit the 
long term consequences of immunosuppressive therapies 
both on CAN as well as post-transplant malignancy. 
The effect of additional therapies, including belatacept, 
rituxan, and eculizumab are being evaluated on delayed 
graft function, antibody mediated injury and chronic 
allograft nephropathy. With a limited number of organs 
available for donation and transplantation, understanding 
additional means for expanding the donor pool through 
enhanced immunomodulatory therapies and prolonging 
allograft half-life by treating immune mediated injury is 
essential.
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