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Summary

Rituximab is a chimeric anti-CD20 monoclonal antibody that leads to B cell

depletion. It is not licensed for use in renal transplantation but is in widespread

use in ABO blood group incompatible transplantation. It is an effective treatment

for post-transplant lymphoproliferative disorder, and is also used in both HLA

antibody incompatible renal transplantation and the treatment of acute rejection.

Recent evidence suggests rituximab may prevent the development of chronic anti-

body mediated rejection. The mechanisms underlying its effects are likely to relate

both to long-term effects on plasma cell development and to the impact on B cell

modulation of T cell responses. Rituximab (in multiple doses or in combination

with other monoclonal antibodies and/or other immunosuppressants) may lead

to an increase in infectious complications, although the evidence is not clear.

Rarely, the drug can cause a cytokine release syndrome, thrombocytopenia and

neutropenia. It has been related to an increased risk of progressive multifocal leu-

coencephalopathy and, recently, deaths from cardiovascular causes. Trials exam-

ining the effects of rituximab in induction therapy for compatible renal

transplantation and the treatment of chronic antibody mediated rejection are

ongoing. These trials should aid greater understanding of the role of B-cells in the

alloresponse to renal transplantation.

Introduction

Rituximab is a chimeric anti-CD20 monoclonal antibody

licensed for use in non-Hodgkin’s lymphoma (NHL),

chronic lymphocytic leukaemia (CLL) and rheumatoid

arthritis (RA) [1]. The CD20 antigen is a transmembrane

nonglycosylated phosphoprotein, expressed on immature

and mature B cells. It is associated with transmembrane cal-

cium conductance and the regulation of cell proliferation

and differentiation [2].

The rituximab Fab domain binds to the CD20 antigen;

the Fc domain can recruit immune effector functions [1].

Once rituximab has bound to the CD20 antigen, it affects B

cells in at least three ways [3]:

1. Activation of the complement cascade, leading to com-

plement-mediated cytotoxicity

2. Macrophage recognition, leading to phagocytosis and

antibody-dependent cell-mediated cytotoxicity (ADCC)

3. Natural killer cell interaction, also leading to ADCC.

Rituximab causes a reduction in B cells in the peripheral

blood within 1–3 days of administration, and complete

B cell depletion in the majority of patients within

1–6 weeks [4]. It does not have a direct effect on plasma

cells (which do not express the CD20 antigen).

Clinical use of rituximab in renal transplantation

Rituximab is not licensed for use in renal transplantation,

but is used ‘off-label’ in a variety of situations.
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Induction/desensitization in antibody incompatible

transplantation

ABO blood group incompatible transplantation

In the early days of ABO blood group incompatible (ABOi)

renal transplantation, splenectomy was considered manda-

tory. Rituximab was first used in the context of ABOi renal

transplantation (in combination with double filtration

plasmapheresis and splenectomy) in 2002 [5]. Some centres

have continued to use both rituximab and splenectomy [6]

[in patients with high anti-A/B antibody titres and/or the

presence of HLA donor specific antibody (DSA)].

The first description of rituximab to replace splenectomy

as desensitization in ABOi renal transplantation came from

Stockholm in 2003 [7]. Its use in this context has now

become widespread ([8–23], see Table 1). Rituximab is

used commonly in Japan, and the Stockholm approach has

been widely adopted throughout Europe, with some modi-

fications in pretransplant [24] and post-transplant antibody

removal [25]. At Guy’s Hospital a protocol of minimizing

desensitization depending on the initial antibody titres is

used [26].

The allograft survival and patient survival rates for pub-

lished reports of ABOi renal transplantation (over varying

time-frames) using rituximab between 2004 and 2012 are

summarized in Table 1. For comparison, the 1-year results

for living donor renal transplants in the United Kingdom

between 2007 and 2010 are allograft survival of 96% and

patient survival of 99% [27].

Generally, the accepted dosing strategy has been 375 mg/

m2; lower doses have been used with no differences in clini-

cal outcomes [20,22]. While most centres have maintained

the use of rituximab in place of splenectomy, others have

omitted it entirely from their desensitization programmes

[28,29] or replaced it with alemtuzumab [30].

HLA antibody incompatible transplantation

Table 2 summarizes published results of outcomes from

centres [31–38] that have used rituximab as part of their

desensitization strategy for HLA antibody incompatible

(HLAi) renal transplantation.

There are differences in the way that rituximab has been

used in HLAi renal transplantation as opposed to ABOi

transplantation, both in the timing of administration (it is

often given at the time of transplantation or even post-

transplant) and in the concomitant desensitization strate-

gies used (it is more likely to be used in combination with

other treatments).

Mechanisms of action

In ABOi renal transplantation, the main risk arises from

high anti-A or anti-B antibodies. Antibody removal strate-

gies are effective in reducing the antibody to acceptable lev-

els at the time of transplant. Evidence is beginning to

emerge that rituximab prevents antibody from increasing

in the medium to long-term, and reduces levels of chronic

antibody mediated rejection (CAMR, see below). In ABOi

renal transplantation therefore, rituximab’s effects seem to

arise from a direct effect on the B cell/plasma cell develop-

ment pathway.

In the immunologically more complex HLAi renal trans-

plantation, the effects of rituximab are likely to arise from

impairing B cell regulation of T cells (such as CD8+ recall

responses [39] and CD4+ activation [40]). It has recently

been suggested that rituximab may also cause inactivation

of T cells directly [41]. As it takes 1–6 weeks for B cell

depletion to be complete, there is a rationale for suggesting

the earlier administration of rituximab in HLAi transplan-

tation.

Rituximab as a treatment for acute renal allograft

rejection

Almost all the reports of the use of rituximab as a treat-

ment for acute renal allograft rejection (in addition to a

variety of other treatments including plasmapheresis, ste-

roids, OKT3, IVIG, alemtuzumab and ATG) have been

purely descriptive, either single-case reports [42–47] or

case series [48–55] (see Table 3). There has been only

one randomized controlled trial: Zarkhin et al. [56] ran-

domized 20 paediatric patients with biopsy proven acute

rejection (BPAR) and a finding of B cell infiltrates in

their renal allograft to receive either four doses of ritux-

imab or no additional treatment. (All patients received

either steroids and/or ATG.) Patients in the rituximab

arm had worse rejection before treatment than patients

in the control arm. Six months post-transplant, ritux-

imab-treated patients had statistically significantly lower

acute rejection scores than patients in the control arm,

and had better creatinine clearance after treatment. This

is a small study, but in combination with the case series,

does offer evidence that rituximab may have some effect

in the treatment of acute AMR as part of a broad phar-

macological approach, either in combination with other

treatments or as a treatment of last resort after other

therapies have proved ineffective.

Rituximab leads to a reduction in B cells within allografts

when given as induction therapy [4], and also when given

as treatment for rejection [57]. An association between

improvement in allograft function and reduction in B cells

after rituximab treatment for rejection has been described

[42]. There is emerging evidence that B cells play a central

role in the formation of Tertiary Lymphoid Organs (TLOs)

and the modulation of chronic rejection [58]. This all sug-

gests that rituximab has local effects in addition to the gen-

eralized effects described above.
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Rituximab and CAMR

Treatment of CAMR

There have been fewer studies examining the use of ritux-

imab in the treatment of CAMR as opposed to acute rejec-

tion. These studies have shown improvement following the

administration of rituximab in combination with other

therapies in some patients.

Billing et al. [59] treated six paediatric patients who

developed CAMR with IVIG and a single dose of rituximab

(375 mg/m2). GFR improved or stabilized in four of the six

patients after treatment, and continued to deteriorate in

two. Fehr et al. [60] report on four patients diagnosed with

CAMR treated with steroids and rituximab (375 mg/m2),

three of whom also received IVIG. Six months after treat-

ment with rituximab, the GFR was significantly improved

from that before rituximab (P = 0.009).

Rituximab has also been used in the treatment of trans-

plant glomerulopathy [61]: of 14 renal transplant recipients

with deteriorating allograft function, seven lost their allo-

grafts and seven had stabilization of renal function.

These reports are not conclusive and there is an ongoing

randomized controlled trial which should provide a defini-

tive answer. The RituxiCAN-C4 trial (NCT00476164) is

designed to ‘determine whether anti-CD20 therapy can sta-

bilize or improve renal function and/or proteinuria in

patients with C4d+ chronic (humoral) rejection in whom

standard therapeutic approaches have failed’ [62].

Prevention of CAMR

There have been two published reports that suggest B cell

depletion may play a role in preventing the onset of CAMR:

Loupy et al. [35] found that patients with DSA and a nega-

tive cytotoxic crossmatch who received rituximab and plas-

mapheresis in addition to IVIG and ATG had lower rates of

CAMR at 1 year post-transplant than those who did not

receive rituximab and plasmapheresis (13.3% compared

with 41.3%, P = 0.03). Similarly, Kohei et al. [63] identi-

fied that ABOi renal transplant recipients had a statistically

significant lower rate of CAMR at 2 years post-transplant

than patients who received a compatible transplant

(22.9%), and that those ABOi recipients who received rit-

uximab had a lower rate than those who underwent sple-

nectomy (3.5% and 8.8% respectively, although this

difference was not statistically significant).

These are early findings. It is possible that rituximab does

lead to long-term effects on the B cell repertoire, so leading

to a reduction in CAMR, but the mechanisms underlying

this effect have not been identified as yet.

Rituximab as induction therapy in compatible renal

transplantation

The success arising from the use of rituximab, particu-

larly in ABOi renal transplantation, suggests that B cellT
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depletion may also be of value as induction in antibody

compatible renal transplantation, but there are few ran-

domized controlled trials in this area. Tyden et al. [64]

performed the first trial examining the use of rituximab in

antibody-compatible renal transplantation. One hundred

and forty adult renal transplant recipients were random-

ized to receive either a single dose (375 mg/m2) of ritux-

imab or a placebo within 24 h of transplantation. The

primary end-point was composite, defined as treatment

failure, including BPAR, graft loss or death within

6 months of transplantation – the trial was powered to

identify a reduction in this composite end-point from

18% to 3%. No statistical difference was found in the

number of treatment failures between the two groups.

Although there were more BPAR episodes in the control

group than the rituximab group (17.6% vs. 11.6%) this

difference was not statistically significant. The authors sug-

gest that the reduction in composite end-point was less

than that included in the power calculation because of a

difference in the timing of rituximab administration. In

this trial rituximab was given immediately prior to trans-

plant to incorporate deceased donor as well as living

donor renal transplants, whereas in the same centre’s

ABOi transplant programme rituximab is given 30 days

prior to transplant [19].

In contrast, Clatworthy et al. [65] halted a random-

ized controlled trial, in which they planned to recruit

120 patients, after the recruitment of only 13 patients

when they identified a higher rate of T cell mediated

rejection in the rituximab arm. Patients in the control

arm received two doses of daclizumab; patients in the

rituximab arm received two doses of methylprednisolone

and rituximab. All patients received maintenance immu-

nosuppression with tacrolimus and mycophenolate mofe-

til, with no maintenance steroids. Of the six patients in

the rituximab arm, five developed BPAR in the first

3 months post-transplant compared with one of seven

in the control arm. In response to this study, van den

Hoogen and Hilbrands [66] report the interim results of

a randomized controlled trial of 280 patients comparing

rituximab intraoperatively with a placebo. Patients in

both arms of the trial also received tacrolimus, MMF

and prednisolone. They analysed the first 65 patients

who had reached 6-month follow-up and found a rela-

tive risk of acute rejection in the rituximab arm of 0.53

(95% confidence interval 0.21–1.32) – the trial is there-

fore continuing.

Clatworthy et al. [65] suggested that the cytokine release

syndrome caused by rituximab may enhance T cell activa-

tion, thereby increasing acute rejection rates. It is possible

that the increased rate of rejection may stem either from

the fact that they did not give prolonged steroids, which

could protect against the effects of cytokine release, or fromT
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the lack of administration of an IL2 receptor antagonist.

The timing of rituximab administration could also be

important (although both the other described trials also

administer rituximab at the time of transplant). Rituximab

in ABOi renal transplantation has generally been given

approximately 1 month prior to transplant, allowing time

for complete B cell depletion to occur and for any resultant

cytokine release to have resolved.

The ongoing randomized controlled clinical trial, Ritux-

iMab INDuction in renal transplantation (ReMIND,

NCT01095172 [67]) has been designed to take into account

these issues. Only living donor renal transplant recipients

are eligible – this allows for planning of the rituximab infu-

sion, which is given 2–4 weeks prior to transplant. In addi-

tion, all patients in the trial (both in the rituximab and

control arms) receive basiliximab and post-transplant ste-

roids. Participants in the rituximab arm of the trial stop

steroids after 1 week.

Rituximab and PTLD

Post-transplant lymphoproliferative disorder (PTLD) is a

heterogeneous group of diseases, the majority of which are

of B cell origin. Sixty to seventy per cent of B cell PTLD is

associated with EBV infection [68]. There is a bi-modal dis-

tribution of PTLD presentation relating to EBV status: in

one study, median time to diagnosis was 11.5 months in

EBV-positive patients and 69 months in EBV-negative

patients [69]. PTLD has been reported in 1.2–1.6% of renal

transplant recipients [70–72]. According to the European

Best Practice Guidelines [73] rituximab is the recom-

mended treatment for CD20+ lymphomas, and in ‘the case

of diffuse lymphomas or improper response to previous

treatment, CHOP [cyclophosphamide, doxorubicin, vin-

cristine and prednisolone] chemotherapy should be used

alone or in combination with rituximab’ [73]. Rituximab

has been demonstrated to be an effective treatment for

PTLD [74]. More recently, a phase II trial examining the

combination of rituximab followed by CHOP chemother-

apy as treatment for PTLD has demonstrated a response to

treatment in 90% of patients [75].

It has also been suggested that rituximab may be of use

in prophylactic treatment of EBV viraemia prior to the

development of PTLD [76]. Twenty (60.6%) of thirty-three

EBV seronegative transplant recipients who received a

transplant from a seropositive donor and underwent sur-

veillance developed EBV viraemia in the first year post-

transplant. Six of these were given rituximab – viraemia

resolved in five patients after one dose, and in the sixth

patient after two doses. None of these patients subsequently

developed PTLD, but 4 of the remaining 14 did develop

PTLD (P = 0.207). A larger (ideally randomized) trial is

needed to confirm these findings.

Risks associated with rituximab use

Rituximab appears generally to be a safe drug, but there

have been some concerns relating to its use.

Rituximab and infectious complications

Rituximab may be an effective treatment for EBV viraemia,

but concerns have been raised about the possibility of an

association between rituximab administration and an

increase in other infection rates. Case reports have been

published of patients who have developed Pneumocystis

pneumonia, [77,78], Hepatitis B [79] and CMV disease

with bilateral interstitial infiltrates [80] after treatment with

rituximab – none of these patients were reported to be on

prophylactic therapy at the time of infection.

A number of case series have also been published, with

differing conclusions. Some have not found higher rates of

infection with rituximab [81–85]. However, other studies

have suggested that rituximab is associated with a high rate

of infection [86] or an increased rate when compared with

patients who did not receive rituximab [18], although these

differences have not always been statistically significant

[87]. Kamar et al. [88] have been quoted widely as demon-

strating evidence that rituximab is associated with higher

rates of infection. They compared renal transplant patients

who received rituximab for any reason (including but not

limited to acute and chronic rejection) with a control

group who had not received rituximab. The overall rate of

infections in the rituximab group was 45.45% and in the

control group was 53.88% (albeit over a longer follow-up

period). No significant difference was seen in the rate of

overall infections or of bacterial infections. Patients in the

control group were more likely to have had a viral infection

(P = 0.003) and patients in the rituximab group were more

likely to have had a fungal infection (P = 0.0005). The rate

of death related to infections was higher in those patients

who received rituximab (9.09%) as opposed to those who

did not receive rituximab (1.55%, P = 0.0007). As noted by

Drage et al. [89], there are a number of methodological

flaws in this study, including that the control group was

not directly comparable with the rituximab group, either in

time or definition (as the rituximab group were more likely

to have been treated for rejection, and received a wide vari-

ety of immunosuppressive agents).

Among studies with primary outcomes relating to allo-

graft survival and function, infections have been reported as

secondary outcome measures. The randomized controlled

trial examining rituximab used in the treatment of acute

rejection found no difference in infectious complications

between the two groups [56]. Similarly, the randomized

controlled trials of rituximab induction also found no differ-

ence in infection rates between their two groups [64,66].
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Viral and bacterial prophylaxis varies widely, making

comparison of infection rates between transplant centres

problematic. Another difficulty with assessing the impact of

rituximab on infection rates is that, as discussed above, rit-

uximab is often used for desensitization in combination

with agents which inhibit or deplete T cells, and as an addi-

tional treatment in AMR once other treatments have been

unsuccessful. It is therefore being added to an already high

immunosuppressive burden. It may well be this overall

immunosuppressive effect, including total lymphocyte

depletion, rather than any inherent effect of B cell depletion

itself, that is the explanation for the finding in some studies

of higher rates of infection associated with rituximab.

When infections have been assessed in studies, it has either

been as a secondary outcome measure in prospective trials,

where the trials do not have sufficient power to detect pos-

sible differences, or infection rates have been assessed in

retrospective studies with a number of confounding factors

such as the administration of multiple immunosuppressive

drugs and heterogeneous populations. Further studies,

designed explicitly to assess the impact of rituximab on

infection rates, are required.

Rituximab and thrombocytopenia

Acute thrombocytopenia is a rare, self-limiting complica-

tion following rituximab administration, which is unlikely

to lead to bleeding [90]. It may be related to the number of

pretreatment circulating B cells [91] and the onset of Cyto-

kine Release Syndrome [90].

Rituximab and neutropenia

Rituximab may also be associated with late onset neutrope-

nia (LON) – a low neutrophil count occurring 4 weeks

or more after rituximab treatment. In a literature review,

Wolach et al. [92] identified the incidence of LON to be

between 3% and 27% of patients (the studies predominantly

were performed in patients treated with rituximab for lym-

phoma), with LON commencing at a median of 38–175 days

after rituximab treatment and lasting for a median of

5–77 days. Only 18 (16.9%) of those patients who developed

LON subsequently developed an infectious complication.

The mechanisms underlying the development of LON are

not clear, and it has only rarely been seen in solid organ

transplantation: Mitsuhata et al. have recently reported

LON [93] in a patient who had received rituximab for AMR.

Rituximab and progressive multifocal

leucoencephalopathy

Progressive multifocal leucoencephalopathy (PML), a

demyelinating disease of the central nervous system, results

from the reactivation of JC polyoma virus. A retrospective

review has identified PML in patients treated with ritux-

imab [94] – the majority had received rituximab as treat-

ment for B cell lymphoproliferative disorders, and all

patients had received a number of immunosuppressive

agents in addition to rituximab. Ninety per cent of patients

with PML died as a result of the disease.

The retrospective review included only one renal trans-

plant recipient who had developed PML (after receiving rit-

uximab for treatment of PTLD). While there are no other

reports in the literature of PML developing in renal trans-

plant patients following treatment with rituximab, JC vira-

emia has been detected: Kamar et al. [95] found that four

patients of 73 who received rituximab for solid organ trans-

plantation had JC viraemia detected. (All four patients had

received rATG, OKT3 or chemotherapy in addition to rit-

uximab.)

Rituximab and cytokine release syndrome

Cytokine release syndrome (an infusion reaction, typically

occurring during the first infusion of a new drug, leading

to systemic effects such as flu-like symptoms and, rarely,

‘severe hypotension, bronchospasm … and even death’

[96]) has been associated with administration of rituximab.

A small study has suggested that cytokine release syndrome

occurs in patients with a high number of B cells [91].There

is less risk of developing cytokine release syndrome in renal

transplant recipients. In patients with B cell malignancies,

the number of CD20+ cells susceptible to rituximab are

much greater than in patients with renal failure, who tend

to have lower numbers of B cells [97]. The effects of a cyto-

kine release syndrome can be pre-empted by prophylactic

administration of paracetamol, steroid and an antihista-

mine.

Rituximab and cardiovascular complications

Medium to long-term follow-up of participants in one of

the randomized controlled trials examining the use of rit-

uximab as induction therapy in renal transplantation has

identified a possible effect of rituximab on cardiovascular

mortality. At 3-year follow-up [98], 8 of 44 patients

assessed had died (one from fungal pneumonia, one from

pulmonary carcinoma and six from myocardial infarction);

none of 47 patients in the placebo group had died. When

examined on an intention-to-treat basis (i.e. using death

rates from the original cohorts of 68) the difference in mor-

tality was statistically significant (P = 0.006). An increase

in cardiovascular reactions has been reported in clinical tri-

als of rituximab use in NHL and CLL, although not in trials

in RA [1]. This finding has not previously been reported in

renal transplantation, but it does warrant further scrutiny.
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B cells and tolerance

There is a theoretical risk that rituximab administration may

affect the development of tolerance in renal transplantation,

as B cell numbers have recently been found to be increased

in patients with operational tolerance [99–101]. Further
work is required to investigate any possible impairment of

tolerance mechanisms resulting from B cell depletion.

Discussion

Rituximab has become a recognized treatment in induction

therapy for ABOi renal transplantation, and is an estab-

lished and effective treatment for PTLD. The use of ritux-

imab both in HLAi transplantation and the treatment of

acute rejection is complex - more evidence is needed, ide-

ally from randomized controlled trials, to establish what

effect rituximab has in the management of both these com-

plex areas. Emerging evidence suggests that rituximab may

be effective not only in the treatment of established CAMR,

but also in prevention. Early results from studies examining

rituximab use in antibody compatible renal transplantation

suggest that acute rejection rates may be improved, and

long-term outcomes from these studies will establish the

role of rituximab in reducing late allograft loss.

Some risks are associated with the use of rituximab.

Cytokine release syndrome is less of an issue in renal trans-

plantation than in the licensed uses of rituximab, because

of the relative paucity of circulating B cells. PML is a rare

but serious complication. Concerns have been raised about

an increase in infectious complications related to the

administration of rituximab – this risk may relate to

repeated doses of rituximab or the use of a combination of

different immunosuppressive drugs together. Rituximab

induction therapy may be related to a higher risk of death

from cardiovascular causes – this requires further investiga-

tion.

Rituximab is a valuable addition to the pharmacological

armoury in renal transplantation. Its use in clinical practice

raises a number of questions about the role of B cells in

both acute and chronic rejection. Studies designed to

answer these questions should not only delineate the best

use of rituximab in renal transplantation, but also add to

our understanding of the complex interplay between B and

T lymphocytes.
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