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Abstract

Background: The objective of this systematic review and meta-analysis was to evaluate the
effectiveness and safety of rituximab as induction therapy in ABO-compatible, non-sensitized
renal transplantation. Methods: A literature search for randomized controlled trials (RCTs) was
performed from inception through February 2015. Studies that reported relative risks or hazard
ratios comparing the risks of biopsy-proven acute rejection (BPAR), graft loss, leukopenia,
infection or mortality in ABO-compatible, non-sensitized renal transplant recipients who
received rituximab as induction therapy versus controls were included. Pooled risk ratios (RRs)
and 95% confidence intervals (CIs) were calculated using a random-effect, generic inverse
variance method. Results: Four RCTs with 480 patients were included in the meta-analysis.
Pooled RR of BPAR in recipients with rituximab induction was 0.90 (95% CI 0.50–1.60).
Compared to placebo, the risk of BPAR in rituximab group was 0.76 (95% CI 0.51–1.14, I2¼ 0).
The risk of leukopenia was increased in rituximab group with the pooled RR of 8.22 (95% CI
2.08–32.47). There were no statistical differences in the risks of infection, graft loss and mortality
at 3–6 months after transplantation with pool RRs of 1.02 (95% CI 0.85–1.21), 0.55 (95% CI 0.21–
1.48) and 0.58 (95% CI 0.17–1.99), respectively. Conclusion: This meta-analysis demonstrated
insignificant reduced risks of BPAR, graft loss or mortality among in ABO-compatible, non-
sensitized renal transplant recipients with rituximab induction. Although rituximab induction
significantly increases risk of leukopenia, it appears to be safe with no significant risk of
infection.
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Introduction

A number of randomized controlled trials (RCTs) and meta-

analyses indicate that induction therapy consisting of biologic

antibodies and conventional immunosuppressive agent ther-

apy is superior to conventional therapy alone in lowering

renal allograft rejection and failure.1,2 Therefore, since 2009,

the Kidney Disease: Improving Global Outcomes (KDIGO)

clinical practice guideline has recommended using a com-

bination of immunosuppressive medications before, or at the

time of renal transplantation.3 Interleukin 2 receptor antag-

onists (IL2-RA) were recommended as the first-line induction

therapy, while a lymphocyte-depleting agent was suggested

for high immunologic risk transplantation. Despite current

immunosuppressive protocols, acute rejection rates have still

been reported as high as 10%.4

Rituximab is a chimeric anti-CD20 monoclonal antibody

that eliminates B lymphocytes.5,6 Rituximab has been used

‘‘off-label’’ in a variety of situations such as desensitization

protocols for ABO-incompatible transplantation, human

leukocyte antigen (HLA)-incompatible transplantation, treat-

ments of post-transplant lymphoproliferative disease (PTLD),

refractory cases with acute allograft rejection, chronic anti-

body-mediated rejection and recurrent glomerulonephritis

following transplantation.5–7 In addition to B-cell depleting

effect, rituximab has been shown to provide direct inhibition

of T-cell activation.8 Thus, rituximab has been investigated

for its use as induction therapy in ABO-compatible, non-

sensitized renal transplantation.9–12 Macklin et al.13 recently

performed a comprehensive review of the use of rituximab as

induction therapy in renal transplantation, and concluded that

available studies do not support the use of rituximab as

induction therapy. However, comprehensive data regarding

effect of acute rejection reduction and the risks of graft loss,

leukopenia, infection and mortality in the use of rituximab

induction therapy are limited.
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The objectives of this systematic review and meta-analysis

were to comprehensively accumulate all available data and

pool the results in order to assess the effectiveness and safety

of rituximab as induction therapy in ABO-compatible, non-

sensitized renal transplantation.

Materials and methods

Search strategy

Two investigators (W.C. and C.T.) independently searched

published studies and conference abstracts indexed in

MEDLINE, EMBASE, the Cochrane database and

ClinicalTrials.gov from inception through February using

the search strategy described in Item S1 in online supple-

mentary data. A manual search for additional relevant

studies using references from retrieved articles was also

performed.

Inclusion criteria

The inclusion criteria were as follows: (1) RCTs published as

original studies or conference abstracts that evaluated the

effectiveness and safety of rituximab as induction therapy

versus controls in ABO-compatible, non-sensitized renal

transplant recipients, (2) studies that provided data to

calculate relative risks, hazard ratios, or standardized inci-

dence ratios with 95% confidence intervals (CIs), and (3) a

reference group composed of subjects with induction with

other induction agents or placebo as control group.

Study eligibility was independently determined by the

two investigators noted previously. Differing decisions were

resolved by mutual consensus. The quality of each study

was evaluated by using the Jadad quality-assessment

scale.14

Data extraction

A standardized data collection form was used to extract the

following information: last name of first author, title of

article, study design, year of study, country of origin, year of

publication, sample size, definition of rituximab induction

and control groups, baseline immunosuppression, infection

prophylaxis regimen, and outcome assessment period.

Statistical analysis

Review Manager 5.2 software (The Cochrane Collaboration,

Oxford, UK) was used for data analysis. Point estimates and

standard errors were extracted from individual studies and

were combined by the generic inverse variance method of

DerSimonian and Laird.15 Given the high likelihood of

between study variances, a random-effect model was used

rather than a fixed-effect model. Statistical heterogeneity

was assessed using Cochran’s Q test. This statistic was

complemented with the I2 statistic, which quantifies the

proportion of the total variation across studies that is due to

heterogeneity rather than chance. An I2 of 0–25% represents

insignificant heterogeneity, 26–50% low heterogeneity, 51–

75% moderate heterogeneity and475% high heterogeneity.16

The presence of publication bias was assessed by funnel

plots of the logarithm of odds ratios versus their standard

errors.17

Results

The search strategy yielded 690 potentially relevant articles:

608 were excluded based on the title and abstract indicating

that they clearly did not fulfill inclusion criteria on the basis

of article type, study design, population, or outcome of

interest (Item S2 available online at http://informahealthcar-

e.com/doi/suppl/[doinumber]). The remaining 82 articles

underwent full-length review, with 78 excluded because

they were not RCTs (n¼ 9), studied the outcomes of patients

with ABO-incompatible or highly sensitized patients (n¼ 33)

or did not report outcomes of interest (n¼ 36). Four RCTs9–12

with 480 patients met our inclusion criteria and were included

in the meta-analysis. Table 1 contains detailed characteristics

and quality assessment of all included studies.

The risks of acute rejection and allograft loss in
patients with rituximab induction

The pooled risk ratio (RR) of biopsy-proven acute rejection

(BPAR) in recipients with rituximab induction was 0.90 (95%

CI 0.50–1.60, I2¼ 34). Figure 1 shows the forest plot of the

included studies. We also performed a sensitivity analysis

excluding the study by Clatworthy et al.11 as it was the only

study comparing rituximab to daclizumab. Compared to

placebo, the risk of BPAR in rituximab group excluding

Clatworthy et al. was 0.76 (95% CI 0.51–1.14, I2¼ 0)

(Figure 2). A majority of rejection episodes were acute

cellular rejections. Studies by Clatworthy et al.11 and Tyden

et al.18 reported no antibody-mediated rejection episodes in 3

and 6 months, respectively. The pooled RR of allograft loss at

6 months in patients receiving rituximab induction was 0.55

(95% CI 0.21–1.48, I2¼ 0%).

The safety profiles of rituximab induction

The risk of leukopenia (52 to 3� 109 cells/L) was increased

in rituximab group with the pooled RR of 8.22 (95% CI 2.08–

32.47) (Figure S1). There was no statistical difference in the

risk of infection or mortality between recipients with

rituximab induction versus controls with pool RRs of 1.02

(95% CI 0.85–1.21) and 0.58 (95% CI 0.17–1.99), respect-

ively as shown in Figures S2 and S3. Van den Hoogen et al.9

reported the risk of malignancy at 24 months of 1.03 (95% CI

0.40–2.66).

Evaluation for publication bias

Overall, assessments of publication bias were limited due to

small numbers of included studies. Funnel plots to evaluate

publication bias with RCTs regarding the risk of BPAR in

recipients with rituximab induction are summarized in

Figures S4 and S5. Overall, the publication bias was

insignificant.

Discussion

This current meta-analysis revealed no significant reduction

in acute rejection risk in the use of rituximab as induction

therapy. The quality of evidence is supported by the low

heterogeneity of the included studies. Although the risk of

leukopenia is 8.22-fold increased in rituximab therapy, there

is no significant increase in risk of infection. In addition,

DOI: 10.3109/0886022X.2015.1077310 Rituximab as induction therapy 1523



induction with rituximab alone does not reduce the rates of

graft loss or mortality among in ABO-compatible, non-

sensitized renal transplant recipients.

There are several plausible explanations for insignificant

reduced acute rejection risk in recipients who received

rituximab as induction therapy alone. First, although induc-

tion with rituximab leads to B cell depletion that lasts for over

15 months, a reduction in B cells in the peripheral blood

occurs within 1–3 days after the administration.19 Most of

included studies used rituximab within 1 day prior to or after

surgery.9,10,12 Second, the inactivation of T-cell by rituximab

was transient and restored after 3 months after the infusion.

Third, Clatworthy et al.11 described the elevation of cytokine

or ‘‘cytokine storm’’ after rituximab induction and proposed

that these mediators may facilitate antigen presentation,

resulting in acute cellular rejection. The study by

Clatworthy et al.11 compared the effectiveness of rituximab

versus daclizumab, an IL2-RA, and found higher incidence of

Table 1. Main characteristics of the studies included in this meta-analysis.

Van den Hoogen et al.9 Tyden et al.10 Clatworthy et al.11 Tsai et al.12

Country Netherlands Sweden UK Taiwan
Year 2015 2009 2009 2009

Patients KTx recipients from
either living or
deceased ABO com-
patible donor; PRA
585%

KTx recipients from
either living or
deceased donor;
PRA550%

KTX recipients; inclusion
criteria not reported

HLA-mismatched KTx
recipients; PRA520%

Total number 281 140 13 46
Outcome assessment period 6 months for most

outcomes; 24 months
for malignancy

6 months 3 months 6 months

Randomization Adequate Adequate NR NR
Double blinding Yes Yes No NR
RTX group A single dose of

rituximab 375 mg/m2

IV during surgery

A single dose of
rituximab 375 mg/m2

within 24 h before
revascularization

Rituximab 10 mg/kg (day 0
and day 7) and methyl-
prednisolone 10 mg/kg
(day 0 and day 7 before
rituximab)

Group 1: A single dose of
rituximab 375 mg/m2

before transplant
reperfusion Group 2: A
single dose of rituximab
375 mg/m2 before trans-
plant reperfusion +
mycophenolate
1000–2000 mg/d

Control group Placebo Placebo Daclizumab 1 mg/kg
(day 0 and day 7)

Mycophenolate
1000–2000 mg/d

Baseline immunosuppression Prednisolone, tacroli-
mus, mycophenolate

Prednisolone, tacroli-
mus, mycophenolate

Tacrolimus, mycophenolate Steroid tacrolimus

Prophylaxis for infection Valganciclovir, bactrim Valganciclovir, bactrim NR NR
RR for acute rejection 0.79 (0.48–1.29) 0.67 (0.29–1.53) 5.83 (0.92–37.08) Group 1 vs control 0.80

(0.21–3.00)
Group 2 vs control 0

RR for graft loss 0.51 (0.18–1.47) 1.00 (0.06–15.66) NR NR
RR for mortality 0.51 (0.13–2.02) 1.00 (0.06–15.66) NR Group 1 or 2 vs control 0
RR for infection 1.03 (0.86–1.23) 0.70 (0.28–1.73) NR Group 1 or 2 vs control 0
RR for malignancy 1.03 (0.40–2.66) NR NR NR
RR for leukopenia 13.38 (3.24–55.29) 3.00 (0.32–28.13) NR NR
Quality assessment

(Jadad scale)
5 5 3 Cannot assessed because of

information only from
abstract

Figure 1. Forest plot of included RCTs comparing risk of biopsy-proven acute rejection in recipients with rituximab induction versus control; square
data markers, RRs; horizontal lines, 95% CIs, with marker size reflecting statistical weight of study using random-effects meta-analysis. Diamond data
markers, overall RRs and 95% CIs for outcomes of interest. IV, inverse variance; SE, standard error.
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acute rejection in rituximab group and the study was

prematurely halted. Induction therapy with rituximab

alone therefore should not be recommended as induction

therapy.

Although rituximab induction seems to be safe and there

was no significant increased risk of bacterial or opportunistic

infection at 6 months, data on long-term effects are limited.

Despite no significant increased or reduced mortality risk in

rituximab induction therapy at 6 months, Tyden et al.18

reported a statistically significant increase in mortality in the

rituximab group at 3-year follow-up and 75% of deaths in

rituximab treated recipients were from cardiovascular causes.

This raises the concern of adverse cardiovascular effects from

rituximab since B-lymphocytes, particularly B1a-lympho-

cytes, were recently found to provide an are atheroprotective

effect.20

There are several limitations of the present analysis. First,

rituximab was given as induction therapy at the day of surgery

in most included studies.9,10,12 Therefore, we cannot assess

the effects of rituximab administration 1–2 weeks prior to

renal transplantation as its use for desensitization.7 Second,

there are no currently published studies assessing the effects

of rituximab plus a standard induction regimen. An ongoing

RCT, ReMIND (RituxiMab INDuction in renal transplant-

ation; ClinicalTrials.gov identifier – NCT01095172 will

likely elucidate if rituximab provides any benefit or risk

when it is combined with basiliximab, an IL2-RA. Lastly, all

included studies assessed most clinical outcomes at 3 to 6

months after transplantation. However, the effects of

rituximab especially a reduction in B cells may last for over

15 months after the administration.19 A future study is

ultimately required to address these long-term outcomes of

rituximab induction in renal transplantation.

In summary, this meta-analysis shows no significant

reduced risk of BPAR, graft loss or mortality among in

ABO-compatible, non-sensitized renal transplant recipients

with rituximab induction. Although rituximab induction

significantly increases risk of leukopenia, it appears to be

safe with no significant risk of infection. Future studies on

effects of rituximab induction in addition to current standard

induction regimen may be indicated.
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