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ABSTRACT

Background: The standard treatment of antibody-mediated rejection (AMR) consists of antilymphocyte an-
tibody, intravenous immunoglobulin, and plasmapheresis. This treatment is associated with a high rate
of resistance and refractory AMR. Recent interest has focused on use of rituximab (RTX), a chimeric anti-
CD20 monoclonal antibody.

Objective: We conducted a systematic review and meta-analysis of studies of RTX in AMR of the renal al-
lograft.

Methods: Combining two comprehensive search themes (AMR and RTX), we searched electronic databases
from 1969 through 2010, supplemented by a manual review of abstracts from nephrology and transplant
meetings, and reference lists of review articles. All studies evaluating explicit response of patients with
AMR to RTX were included. The outcome was pooled odds ratio (OR) of response to RTX.

Results: A total of 114 studies were identified, 94 of which were excluded on initial screening. Analysis of
the 10 studies (249 patients) showed an OR of 3.16 (95% CI: 1.75-5.70) for response to RTX. Reported
adverse effects included BK virus nephropathy, cytomegalovirus (CMV) viremia, pneumonia, herpes zos-
ter, and septic shock.

Conclusion: This study suggests that RTX is a reasonable therapeutic option in the treatment of AMR. Fur-
ther randomized studies are necessary to establish its efficacy and safety.
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INTRODUCTION

ntibody-mediated rejection (AMR) is
Adeﬁned by four criteria: morphological

evidence of acute tissue injury; immu-
nopathological evidence of antibody media-
tion; C4d staining in peritubular capillaries;
and serological evidence of circulating donor-
specific antibodies (DSA) [1]. The reported
incidence is 8%—10% and among all episodes

of acute rejection, up to 1/3 show features
of AMR [2]. AMR has significant effect on
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long-term graft survival [3-87 and it is as-
sociated with a greater frequency of allograft
dysfunction and graft loss [9]. Treatment of
AMR remains a challenge. Traditional anti-
rejection treatments, such as administration of
high dose steroids and anti-lymphocyte anti-
bodies are usually ineffective, since they are
primarily directed toward cellular immune
mechanisms. More recently, combination of
anti-lymphocyte antibody, intravenous immu-
noglobulin (IVIG), and plasmapheresis have
been used [10].

Rituximab (RTX) is a chimeric murine/hu-
man anti-CD20 antibody [117. It binds human
CD20 with high affinity [127] and directly in-
hibits B-cell proliferation by antibody-depen-
dent, cell-mediated, and complement-mediat-
ed cytotoxicity [13-15]. Findings from several
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Table 1: Summary characteristics of identified studies

Type of study

All studies 8
Prospective b
Retrospective 3
De novo use of RTX 6
RTX used for refractory AMR 2
Pediatric 1
Adult 7

RTX: Rituximab
AMR: Antibody-mediated rejection

studies suggest that the use of RTX, alone or
in combination with IVIG, plasmapheresis and
steroids may improve outcomes in severe, ste-
roid-resistant or antibody-mediated rejection
episodes [16-27].

The majority of studies comparing treatment
of AMR have been either retrospective or non-
randomized trials with small sample sizes.
To the best of our knowledge, no systematic
reviews or meta-analyses have addressed use
of RTX in treatment of AMR. In this study,
we conducted a systematic review and meta-
analysis of all studies to examine the effect of
RTX on treatment of AMR.

METHODS

Literature search:

We developed two comprehensive search
themes and combined them using the Boolean
operator “AND.” The first theme, AMR, was
created by using the following terms: “anti-
body mediated rejection” or “humoral rejec-
tion.” The second theme, RTX, was created by
using the words: “Rituximab” or “anti CD20.”
Using this search strategy in electronic data-
bases (Medline, ISI Web of Science, Cochrane
Central Register and Dissertation Abstracts)
from 1969 through 2010, we sought to identify
prospective or retrospective studies evaluating
the safety and efficacy of rituximab in AMR.
References of identitfied articles were scanned
to identify other possible studies. The search
was also supplemented by a search of abstracts
from the proceedings of the American Soci-
ety of Nephrology and American Transplant
Congress.

Complete articles

Abstracts Total No. of Patients
2 10 249

1 106

1 143

1 7 179

1 3 70

0 1 20

2 9 229

Inclusion and exclusion criteria:

All clinical studies evaluating the effect of
RTX on AMR with explicit reporting of the
response were included irrespective of the
number of patients, journal type or language
of publication. Exclusion criteria consisted of:
1) studies with insufficient data; 2) duplicate
studies; 3) single case reports; and 4) review
articles.

Study selection and data extraction:

Two of the authors (GH and NG) independent-
ly evaluated articles for eligibility in a two-
stage procedure. In the first stage, the ab-
stracts of all identified studies were reviewed.
The second stage consisted of full-text review
of studies that met the inclusion criteria or
those for which eligibility was uncertain. Ar-
ticles that were selected by either individual
were reviewed by both authors and evaluated
on both inclusion and exclusion criteria. Dis-
agreement between authors was resolved by
consensus. Data extracted included study de-
sign, details of treatment, response to treat-
ment and adverse effects.

Stucly Outcomes:

The primary outcome was the pooled estimate
of the odds ratio (OR) of response to RTX.
Response was defined by at least partial im-
provement in the graft function. Adverse ef-
fects were reviewed and noted but not com-
pared due to variations in reporting.

Meta-analysis:

We used the Mantel-Haenszel model to es-
timate the pooled OR with 95% confidence
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Table2: Characteristics of individual studies

Study Publication Year  Design
Becker [16] 2004 Prospective”
Faguer [17] 2007 Prospective
Steinmetz [18] 2007 RCtI"OSpC(-‘,tIVG;
comparative
Bett [19] 2008 Retrospective
Prospective;

Zarkhin [20] 2008

Mulley [21] 2009 Prospective
Kaposztaz [22] 2009 Retrospective;
comparative

Ferrero [23] 2010

Hurley [24] 2010
Scemla [28] 2010

*Rituximab used in refractory antibody-mediated rejection

**Bx: biopsy

@ DSA: ]gonor specific antibody

intervals (CI) for study outcomes under the
tixed eftect model, using data from all eligible
studies. The presence of heterogeneity across
trials was evaluated using Q-statistic for het-
erogeneity. The heterogeneity statistic was
then incorporated to calculate the summary
OR under the random effects model. All sta-
tistical analyses were performed using Com-

Prospective*

Retrospective

114 Potentially relevant citations identified in the original search
« 88 complete articles
* 26 abstracts

Excluded (94)
¢ Insufficient data
¢ Duplicate studies
s Single case reports
* Review articles

Inclusion criteria
*  Clinical studies of RTX* in AMR**of transplanted kidneys
* Explicit reporting of response

l

Included (10); n=24%
* 8 complete articles
* 2 abstracts

l

Outcomes:
* Pooled estimate of the odds ratio of response to RTX
*  Adverse effects

*RTX: Rituximab; ** AMR: Antibody

diated rejection

Figure 1: Identification and selection of studies.

comparative; pediatric

Prospective; comparative

Study Outcome(s) n Follow-up
(months)
graft survival 27 24
l?) cel.l depletion; graft g 10
function
B c*ell depletion; creatinine; 16 3
Bx
Creatinine 9 46
B cell depleﬂon; 920 19
graft survival; Bx; DSA@
B cell depletion; creatinine 7 21
graft survival; graft function;
. 54, 24
Bx; creatinine
Creatinine 8 10
graft survival; creatinine 36 24
graft survival 64 25

prehensive Meta-Analsyis ver 2.2.050 (Engel-
wood, NJ).

RESULTS

Figure 1 summarizes the process used to iden-
tify and select the studies for the systematic re-
view. The initial search yielded 114 potentially
relevant citations, of which 94 were excluded
for reasons shown. There was complete agree-
ment between the authors for the studies that
were selected for review and meta-analysis.
Tables 1 and 2 illustrate the summary and in-
dividual characteristics of the included studies,
respectively. The 10 included studies (two ab-
stracts and eight complete articles) consisted of
six prospective and four retrospective studies
and included a total of 249 patients. One of the
complete articles with the primary outcome
of adverse infectious effects [287] was deemed
appropriate for inclusion. It had explicit com-
parative reporting of graft outcome between
patients with AMR receiving RTX and alter-
native treatment. Figure 2 shows the OR of re-
sponse for each study, as well as the pooled es-
timate of the OR using the fixed effects model
(Q = 12.23, p=0.2; random effects: 2.91 (95%
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Table 3: Adverse infectious effects

Study Number of patients Adverse infectious effects

Mulley [21] 7 CMV ™ viremia + BKVAN** (n=1), pneumonia (n=1), Herpes
zoster (n=1),

_ : —¢ S (n= i

Faguer [17] 3 BK.VAN. (n=3), septic shock (n=2), pyelonephritis (n=1), PD
peritonitis (n=1)

Steinmetz [18] 16 BKVAN (n=1)

Zarkhin [20] 20 No difference in incidence vs. non-RTX* group

Kaposztaz [22] 54 No difference in incidence vs. non-RTX group

Scemla [28] 64 No difference in incidence vs. non-RTX group

*CMV: Cytomegalovirus; **BKVAN: BK virus-associated nephropathy;

PD: Peritoneal

CL: 1.48-5.91)). Six of the studies explicitly
reported on adverse infectious effects (Table
8) [17, 18, 20-22, 287. Three of these studies
which compared RTX with other treatments
did not find an increased incidence of infec-
tious complications compared with alternative
treatment [20, 22, 287. The other three stud-
les reported seven types of serious adverse ef-
fects among 11 patients. The adverse effects
included BK virus associated nephropathy
(BKVAN) (n=5), septic shock (n=2), pyelone-
phritis (n=1), PD peritonitis (n=1), pneumonia
(n=1), herpes zoster (n=1) and CMV viremia
(n=1). One of the patients was reported to have
concomitant CMV viremia and BK virus as-
sociated nephropathy [217].

ialysis; fRTX: Rituximab

Study [ref] OR 95% CI1
Hurley [24] 0.73 0.11 477
Zarkhin [20] 1.00 0.11 8.95
Ferrero [23] 1.00 0.04 2455
Scemla [28] 1.55 035 683
Mulley [21] 1.78 021 1477
Faguer [17] 2.78 037 2103
Steinmetz [ 18] 3.40 0.12  96.70
Bett [19] 4.00 0.56 28.40
Kaposztaz [22] 4.96 120 20.57
Becker [16] 19.36 490 76.44
Total (fixed effects) 316 1.75 570
(n=249)

DISCUSSION

This meta-analysis of 10 studies, including
249 patients, suggests that treatment with
RTX is associated with improved graft out-
come in patients with AMR of the transplant-
ed kidney. It is noteworthy that the favorable
effect of RTX is driven by the two relatively
larger studies. One of these studies [16] eval-
uated the effect of RTX in refractory AMR
and the other one [227] was a study compar-
ing “RTX + plasmapheresis” with “plasma-
pheresis alone”. Six of the studies specifically
reported on adverse effects. Among these, the
three larger studies [20, 22, 287 with a total of
138 patients, reported the incidence of infec-
tious complications to be similar to standard
treatment or controls. The most commonly
reported serious infectious adverse effect was

p value

0.74
1.00
1.00
0.57
0.59
032
0.47
0.17

=
=
L
=
0.03 —H
<@

0.00 il
0.00

0.1 1 10
Favors alternative Favors rituximah

Figure 2: Odds retio of response to rituximab vs alternative treatment.
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BKVAN. While none of the studies included in
this meta-analysis have mentioned Pneumocys-
t1s jirovect infection, three cases of Pneumocystis
pneumonia have been reported following use
of RTX for AMR [29, 30], as well as among
patients receiving RTX for treatment of lym-
phoma [81-367. These findings have prompted
the suggestion that Preumocystis jiroveci pro-
phylaxis be considered in patients receiving
RTX [80]. While the main focus of adverse
reactions has been infectious complications,
another serious reported side effect of RTX is
interstitial pneumonitis [37-39] with no clear
cause and effect association. In transplanted
patients receiving multiple complex medica-
tions it is difficult to ascertain the adverse ef-
fects of a single agent, such as RTX. This is
particularly challenging in the case of adverse
infectious complications, since transplanted
patients have received multiple other agents
that could have potentiated a severe infectious
process. Overall, our review of larger studies
that have explicitly attempted to ascertain dif-
terences in adverse effects does not support a
higher incidence of adverse eftects with RTX
use. However, as is true with use of all immu-
nosuppressant medications, close observation
of patients on RTX for adverse events is nec-
essary. The limitations of our meta-analysis
include: 1) the paucity of randomized trials
and prospective studies; 2) lack of uniformity
in the definitions of response among studies;
3) heterogeneity in the “standard treatment”
among studies; and 4) the inherent limitation
of any meta-analysis in the ability to perform
multivariate analyses.

We conclude that while RTX is an appealing
option in the treatment of AMR, it is impor-
tant to recognize the knowledge gaps in effi-
cacy and safety of its use. This systematic re-
view underscores the need for well-designed,
long-term and adequately powered prospec-
tive studies which would potentially elucidate
various potential confounders and would ad-
dress not only early response, but also long-
term graft and patient survival.
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