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AIMS
Both rituximab and plasmapheresis can be associated in the treatment of
immune-mediated kidney diseases. The real impact of plasmapheresis on rituximab
pharmacokinetics is unknown. The aim of this study was to compare rituximab
pharmacokinetics between patients requiring plasmapheresis and others without
plasmapheresis.

METHODS
The study included 20 patients receiving one or several infusions of rituximab. In 10
patients, plasmapheresis sessions were also performed (between two and six sessions
per patient). Rituximab concentrations were measured in blood samples in all
patients and in discarded plasma obtained by plasmapheresis using an
enzyme-linked immunosorbent assay method. Data were analysed according to a
population pharmacokinetic approach.

RESULTS
The mean percentage of rituximab removed during the first plasmapheresis session
ranged between 47 and 54% when plasmapheresis was performed between 24 and
72 h after rituximab infusion. Rituximab pharmacokinetics was adequately described
by a two-compartment model with first-order elimination. Plasmapheresis had a
significant impact on rituximab pharmacokinetics, with an increase of rituximab
clearance by a factor of 261 (95% confidence interval 146–376), i.e. from 6.64 to
1733 ml h-1. Plasmapheresis performed 24 h after rituximab infusion decreased the
rituximab area under the curve by 26%.

CONCLUSIONS
Plasmapheresis removed an important amount of rituximab when performed less
than 3 days after infusion. The removal of rituximab led to a significant decrease of
the area under the curve. This pharmacokinetic observation should be taken into
account for rituximab dosing, e.g. an additional third rituximab infusion may be
recommended when three plasmapheresis sessions are performed after the first
rituximab infusion.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Some diseases treated by rituximab may

require plasmapheresis.
• Rituximab is a monoclonal antibody with a

small volume of distribution and a long
elimination half-life; thus, it is likely to be
removed by plasmapheresis.

WHAT THIS STUDY ADDS
• The proportion of the rituximab dose

removed by plasmapheresis was quantified,
as was the impact of the delay between
drug administration and plasmapheresis.

• By modelling the rituximab
pharmacokinetics, dose adjustment was
proposed in order to maintain overall
plasma rituximab exposure in patients with
plasmapheresis.
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Introduction

Rituximab is a chimaeric monoclonal antibody approved
for the treatment of non-Hodgkin’s lymphoma, as mono-
therapy or in addition to chemotherapy [1], and rheuma-
toid arthritis [2]. It is also used for the treatment of chronic
lymphocytic leukaemia [3], low-grade or follicular lym-
phoma and diffuse large B-cell lymphoma [4]. Given that
rituximab leads to a rapid depletion of CD20-positive
B cells in the peripheral blood, it has become an alternative
therapeutic agent for several autoimmune diseases, such
as thrombotic thrombocytopenic purpura (TTP) [5], cry-
oglobulinaemia or idiopathic membranous nephropathy
[5, 6]. It has also gained interest in renal transplantation, as
an induction therapy in anti-HLA-sensitized patients [7] or
in ABO-incompatible kidney recipients [8], as well as for
treatment of antibody-mediated acute renal allograft
rejection [9].

In some conditions, such as cryoglobulinaemia, TTP or
immunization in transplanted patients, plasmapheresis is
used to remove circulating antibodies.The procedure con-
sists of removal of blood, separation of blood cells from the
plasma, and return of these blood cells to the body’s circu-
lation, diluted with fresh plasma or replacement physi-
ological fluids, such as albumin solution. As all solutes in
the plasma, including drugs [10, 11], can be removed by
plasmapheresis, it is important to determine the effect of
this procedure on the pharmacokinetics of rituximab.
Given that this drug displays a small volume of distribution
and a long elimination half-life [12] and shares the chemi-
cal properties of natural antibodies removed by plas-
mapheresis, a proportion of the dose administered, yet
unknown, would inevitably be lost during the procedure.
However, the literature on drug removal during plas-
mapheresis is sparse, with most publications consisting of
case reports of overdoses, describing the effects of plas-
mapheresis on pharmaceutical agents [13]. Importantly,
the impact of plasmapheresis on rituximab pharmacoki-
netics has not yet been reported.

The objective of this study was to compare pharma-
cokinetic parameters in patients treated with rituximab
and multiple sessions of plasmapheresis with those of
patients treated with rituximab but without any plas-
mapheresis sessions.

Methods

Patients, blood sampling and rituximab
enzyme-linked immunosorbent assay
Between August 2008 and April 2009, a total of 20 patients
hospitalized in two nephrology units of the Centre Hospi-
talier Universitaire of Toulouse were included in the study.
The inclusion criteria were patients with an antibody-
mediated disease requiring rituximab treatment. All
patients gave written informed consent, and the study pro-

tocol was approved by the regional ethic committee
(Comité de Protection des Personnes Sud Ouest I).

Ten patients were treated with concomitant rituximab
and plasmapheresis, whereas the other patients (n = 10)
received rituximab without plasmapheresis based on the
clinician’s decision. Rituximab was administered according
to one of the following schedules: 375 mg m-2 weekly
(from one to four infusions) or 1000 mg fixed dose on
days 1 and 15.The first dose was administered throughout
a 360 min intravenous infusion, while the others were
given during a 90 min intravenous infusion. Blood samples
were collected predose, at the end of infusion, and 24, 48,
72 and 168 h after the start of the first infusion, then
predose and at end of subsequent infusions, and 14, 30, 60
and 90 days after the last infusion. For patients with plas-
mapheresis, additional samples were collected immedi-
ately before the beginning of plasmapheresis and 1 and
24 h after the end of the procedure. For each plasmapher-
esis session, the volume of removed plasma was measured,
and an aliquot was stored at -80°C until analysis.

Rituximab concentrations in both circulating and
removed plasma were measured using a previously pub-
lished enzyme-linked immunosorbent assay method [14].
Briefly, the calibration range was 0.125–50 mg ml-1. The
lower limit of quantification was 0.125 mg ml-1. The inter-
day accuracy (% nominal) was between 14 and 16%, and
the precision (coefficient of variation for replicate analysis)
ranged from 5 to 13%.

Pharmacokinetic analyses
Removal of rituximab during plasmapheresis sessions The
amount of rituximab removed by plasmapheresis was
determined from the volume of plasma discarded and the
corresponding rituximab concentration.The percentage of
rituximab extracted by plasmapheresis was determined
relative to the dose administered.

Population pharmacokinetic model A population pharma-
cokinetic approach using nonlinear mixed-effect model-
ling was used for data analysis. Rituximab plasma
concentrations were analysed using the NONMEM
program [15] (version VI, level 1.1; Icon Development Solu-
tions, Ellicot City, MD, USA) with NM-TRAN and PPRED and
the Compaq Visual Fortran compiler (version 5) using the
first-order conditional estimation (FOCE) method with
INTERACTION. A proportional model for interindividual
variability and a combination model (i.e. proportional and
additive) for residual variability were used. First, the best
structural pharmacokinetic model was determined using
the likelihood ratio test and based only on the data corre-
sponding to patients without plasmapheresis.Then, analy-
sis of the whole data set (i.e. data from patients without
and with plasmapheresis, including the amount of rituxi-
mab recovered in removed plasma) was performed.
Changes of rituximab clearance during the plasmapheresis
procedure was modelled as follows: TVCL = qCL ¥ qPP

PP,
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where TVCL is the typical value of rituximab clearance, qCL

the mean value of clearance and qPP the mean factor cor-
responding to the impact of plasmapheresis on rituximab
clearance, with PP = 0 for no plasmapheresis and PP = 1
during plasmapheresis sessions.The final pharmacokinetic
model was evaluated using bootstrap and visual predictive
check methods. The 50th percentile concentration (as an
estimate of the population-predicted concentration) and
the 5th and 95th percentile concentrations were proc-
essed using R (RfN, version 2007a; The R foundation for
Statistical Computing, Vienna, Austria) and then plotted
with Stata v10 (StataCorp LP, College Station, TX, USA).
Observed plasma rituximab concentrations were com-
pared graphically with these predicted concentrations.

Influence of plasmapheresis on rituximab exposure Indi-
vidual pharmacokinetic parameters of each of the 20 ana-
lysed patients enabled the estimation of exposures based
on the reference schedule of two weekly 750 mg infusions
of rituximab. The impact of plasmapheresis on rituximab
exposure was estimated by comparing the total area
under the curve (AUC) if plasmapheresis was applied or
not. Simulations were then performed to derive rituximab
concentrations under various dosing regimens, with or
without plasmapheresis. A first set of simulations were per-
formed for two consecutive weekly 750 mg infusions, with
a variable number of plasmapheresis sessions or a variable
time between rituximab infusion and the first plasmapher-
esis session.The schedules simulated were either a unique
plasmapheresis session at 24, 48 or 72 h after the first

rituximab infusion or three consecutive sessions per-
formed at 24, 48 and 72 h after the first rituximab infusion.
Given that the number of rituximab infusions could vary in
clinical practice, a second set of rituximab AUCs were also
simulated after three and four weekly 750 mg infusions of
rituximab, with or without plasmapheresis after the first
infusion. In each case, the influence of plasmapheresis on
rituximab exposure was assessed by comparing AUCs
obtained with and without plasmapheresis.

Results

Patients
The characteristics of the 20 patients included are
described in Table 1. Fifteen patients presented anti-
body-mediated acute renal allograft rejection, three had
membranous glomerulonephritis, one cryoglobulinaemic
vasculitis and one systemic lupus. Most of the patients
received weekly infusions of rituximab at the dose of
375 mg m-2; 10 patients had two infusions, one had three
infusions and eight had four infusions. One patient
received two 1000 mg infusions on days 1 and 15. The
weekly rituximab dose ranged between 600 and 1000 mg.
A total of 33 plasmapheresis sessions were performed,
most of them following the first administration of rituxi-
mab. One patient also underwent plasmapheresis follow-
ing each of the first two infusions of rituximab, and another
patient had plasmapheresis before each infusion of rituxi-
mab. These sessions occurred between 25 and 160 h

Table 1
Patient characteristics at baseline (n = 20)

Patient characteristics
Patients without plasmapheresis Patients with plasmapheresis
Mean SD Mean SD

Age (years) 51.5 13.2 46.0 13.2
Weight (kg) 69.4 9.9 72.6 24.3

Body surface area (m2) 1.83 0.13 1.83 0.27
CD19-positive cells at baseline (mm-3) 184 114 330 291

Sex* Number Number

Male 10 4
Female 0 6

Diseases

Antibody-mediated rejection of kidney graft 6 9
Membraneous glomerulonephritis 3 0

Cryoglobulinaemia 0 1
Lupus 1 1

Treatment Median Range Median Range

Number of rituximab infusions 2 2–4 4 2–4
Plasmapheresis sessions – – 2 2–8

*Significant difference (P < 0.05) between the two subgroups of patients.
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(median 45 h) after rituximab administration. The mean
volume of plasma removed was 3900 ml (ranging from
2600 to 5600 ml). A total of 244 rituximab plasma concen-
tration values were available, ranging from eight to 58 per
patient, corresponding to a median number of 12 or 29 in
patients without or with plasmaspheresis, respectively.
Thirty-three aliquots of plasma removed by plasmapher-
esis were also available.

Pharmacokinetics
Rituximab extraction during plasmapheresis The median
(range) percentage of rituximab dose recovered within
the plasma removed by the first plasmapheresis was 49%
(14–54%).The amount of rituximab removed was inversely
correlated with the time interval between infusion of
rituximab and the first plasmaphersesis (Figure 1). When
considering only plasmapheresis that occurred between
25 and 66 h after infusion, the amount of rituximab
removed was included in a narrow range (between 47 and
54%), but the correlation between the amount of rituxi-
mab removed and the time interval remained significant
(r = 0.79). The amount of rituximab removed during each
subsequent plasmapheresis session ranged from 9 to 29%.
Whatever the plasmapheresis session, concentrations of
rituximab in plasma removed were strongly correlated
with the circulating plasma rituximab level at the time of
plasmapheresis (r = 0.96).

Population pharmacokinetic model Rituximab pharma-
cokinetics were adequately described by a two-
compartment model with first-order elimination.
Plasmapheresis had a significant impact on rituximab
pharmacokinetics, with a 261-fold increase of rituximab
clearance (95% confidence interval 146–376). Inclusion of

interoccasion variability on the volume of the central com-
partment (V1) and clearance (CL; i.e. intrapatient change of
V1 and CL between cycle 1 and cycle 2) significantly
improved the fit.The quality of fit is illustrated by the visual
predictive check plots shown in Figure 2. The mean phar-
macokinetic parameters and factors corresponding to the
impact of plasmapheresis are shown in Table 2. By consid-
ering the post hoc individual values, relationships between
rituximab CL and sex (mean � SD of 6.2 � 1.7 vs.
7.4 � 2.3 ml h-1 for females and males, respectively)
and between CL and bodyweight [CL (ml h-1) = 0.063 ¥
bodyweight (kg) + 2.6] corresponded to those expected
[16], but were not statistically significant, probably owing
to the limited number of patients.

Influence of plasmapheresis on
rituximab exposure
Based on individual predicted concentration, the median
(range) total AUC obtained after two weekly infusions of
rituximab was 207 421 (132 737–482 375) mg l-1 h. When
plasmapheresis was performed 24 h after the infusion of
rituximab, AUC decreased by 26% (95% prediction interval
24–28%), while the decrease of AUC was 20% (95% predic-
tion interval 19–21%) and 16% (16–18%) when plas-
mapheresis occurred at 48 and 72 h after the first infusion
of rituximab, respectively. Subsequent plasmapheresis had
a cumulative effect on AUC, with exposure decreasing by
36% [35–37%] when two additional plasmapheresis ses-
sions were implemented at 48 and 72 h.

The simulations performed for various dosing regi-
mens and plasmapheresis sessions showed that rituximab
exposure obtained following three weekly infusions
with three plasmapheresis sessions after the first infusion
was slightly higher than that after two weekly infusions
without plasmapheresis, by +13% (12–14%). Four weekly
infusions with three plasmapheresis sessions after the first
infusion were associated with a 62% (61.5–62.5%) increase
of rituximab exposure in comparison to two weekly infu-
sions without plasmapheresis.

Depletion of B cells (<10 CD19-positive cells mm-3)
occurred in all patients between 7 and 30 days after the
first rituximab infusion. After 3 months, only one patient
(in the plasmapheresis group) had a reappearance of
CD19-positive B cells (21 CD19-positive cells mm-3). After
6 months, two patients (one in each group) had a
reappearance of CD19-positive B cells. Later lymphocyte
counts could not be interpreted because patients received
concomitant immunosuppressive treatments.

Discussion

Several reports support a link between rituximab plasma
concentrations and efficacy, both in haematological [17,
18] and nonmalignant diseases [19]. Thus, interindividual

Pe
rc

en
ta

ge
 o

f r
it

ux
im

ab
 e

xt
ra

ct
ed

du
ri

ng
 p

la
sm

ap
he

re
si

s 
(%

)

0%

70%

y = 0380e–0.0104x

r = 0.98

0 50 100 150

Time interval between rituximab infusion
and first plasmapheresis (h)

200

60%

50%

40%

30%

20%

10%

Figure 1
Percentage of rituximab extracted during the first plasmapheresis relative
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pharmacokinetic variability is an important determinant of
the clinical response. Some data obtained in haematologi-
cal malignancies suggested that the amount of CD20
antigen (assessed either by the level of membrane CD20
expression or by tumour burden estimation) plays a role
in rituximab pharmacokinetic variability, but these results
are still controversial [20]. Some authors found that body
surface area explained about 32% of the interindividual
variability of clearance [21]. A recent study using popula-
tion pharmacokinetic modelling, performed in 20 elderly
patients with diffuse large B-cell lymphoma showed that
rituximab clearance was significantly reduced (8.2 vs.
12.7 ml h-1) and elimination half-life significantly pro-
longed in women compared with men (t1/2b = 30.7 vs.
24.7 h) [16]. Overall, the pharmacokinetics of rituximab
is related to a number of factors, including the dose
administered, the frequency of administration, the inher-

ent stability of the antibody, the specific and nonspecific
clearance of the antibody [22], gender and bodyweight
[16].

Plasmapheresis is used to remove harmful antibodies
in various disorders. However, all antibodies are small
enough to pass through the pores of the membrane,
and plasmapheresis obviously has the potential to clear
rituximab, too. The objective of our study was to evaluate
the impact of plasmapheresis on rituximab pharmacoki-
netics, because only sparse data are available on the
subject. Darabi and Berg [23] reported on two patients
with autoimmune TTP who were given rituximab 24–36 h
before plasma exchange, during which 1–1.5 times their
plasma volume was removed. Based on their observations,
the authors concluded that the regularly scheduled
plasma exchanges did not interfere with the immuno-
suppressive effects of rituximab, owing to the rapid
effects of rituximab on circulating CD19-positive/CD20-
positive lymphocytes. McDonald et al. [24] showed that
trough serum rituximab levels were lower in 30 patients
treated for acute TTP by rituximab and plasmapheresis
than in three patients treated by rituximab alone. These
observations are consistent with the hypothesis of a
removal of rituximab during plasmapheresis, but no
study precisely described the pharmacokinetics of rituxi-
mab in this context. Thus, it is important to quantify the
impact of plasmapheresis on rituximab pharmacokinetics
and its plasma concentrations. In particular, guidelines
based on rituximab pharmacokinetics are needed for
a better adaptation of rituximab dosing or schedule of
plasmapheresis.

In the present study, we assessed the pharmacokinetic
behaviour of rituximab after heterogeneous schedules
of administration of rituximab in 20 patients. We have
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Table 2
Rituximab pharmacokinetic parameters

Model
Value (95% confidence
interval)

Coefficient
of variation
(%)

Clearance (CL; ml h-1) = q1 ¥ q2
PP

Clearance (CL; ml h-1) q1 = 6.64 (3.29–9.99) 35.6

Plasmapheresis factor (PP) q2 = 261 (146–376) –

Central volume (V; l) q3 = 2.48 (1.78–3.18) 20.5

Transfer constant K12 (h-1) q4 = 0.0158 (0.0078–0.0238) –

Transfer constant K21 (h-1) q5 = 0.0154 (0.0116–0.0192) 40.1
Interoccasion variability on CL – 14.7

Interoccasion variability on V – 14.8
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demonstrated that this impact was dramatic, with a 261-
fold increase of rituximab clearance during the plas-
mapheresis. Implementation of plasmapheresis following
the first infusion of rituximab is accompanied by a large
waste of rituximab, with almost half of the dose being
removed if plasmapheresis is performed within the first
3 days following the infusion of rituximab.

Not surprisingly, the impact of plasmapheresis sessions
was dependent on the time interval between rituximab
administration and plasmapheresis sessions, the percent-
age extracted being inversely correlated with the time
interval. However, there was only a slight variation in rituxi-
mab removal whether the plasmapheresis session occurred
1 or 3 days after the infusion, indicating that delay of the
plasmapheresis session is a limited tool in order to diminish
the decrease of rituximab concentration.

Simulations of rituximab plasma concentrations were
used to assess how many supplemental doses of rituximab
can compensate for the loss of rituximab during plas-
mapheresis. This was made possible by the modelling
method we used (i.e. nonlinear mixed-effect method). The
advantages of this method were as follows: (i) to analyse
data presenting a certain level of heterogeneity in terms of
rituximab dose and number of infusions; and (ii) to predict
the individual rituximab plasma level according to indi-
vidual pharmacokinetics parameters determined by the
analysis of raw data. By this approach, the mean pharma-
cokinetics parameters observed were comparable to those
described in other reports concerning autoimmune dis-
eases [25, 26].

For a standard treatment of two weekly infusions of
rituximab, we observed that one plasmapheresis session
performed 1 day after the first infusion of rituximab would
be associated with a 26% decrease in rituximab exposure.
The decrease can be reduced to about 16% if the plas-
mapheresis session is delayed to 3 days after the infusion.
The repetition of three plasmapheresis sessions after the
first infusion of rituximab led to a 36% decrease in rituxi-
mab exposure. The AUC level obtained after three weekly
infusions of rituximab while performing three plasmapher-
esis sessions after the first infusion would be close to the
AUC level obtained after two weekly infusions of rituximab
without plasmapheresis. This illustrates that even if plas-
mapheresis sessions are usually repeated after the first
infusion of rituximab, the second infusion does not com-
pensate for the loss of dose, contrary to a third supplemen-
tal dose. In contrast, a fourth infusion does not seem
necessary.

Since Cravedi et al. [27] demonstrated that a rapid and
lasting decrease of B cells can be obtained with one or two
weekly infusions of rituximab in patients with idiopathic
membranous nephropathy, the repetition of infusions is
driven by the number of circulating B cells. A reduced
number of infusions also seems effective in renal trans-
plant patients treated by rituximab and receiving induc-
tion therapy or antirejection therapy [28].

Although a rapid decrease of circulating B cells can be
obtained with a limited rituximab treatment, an early reap-
pearance of B cells can be favoured by low concentrations
of rituximab [29]. In our study, the correlation between
duration of B-cell depletion and exposure of rituximab
could not be assessed, because most patients received
various associated immunosuppressive therapies that can
influence the duration of B-cell depletion [28]. The correla-
tion between rituximab concentration and B-cell depletion
should be assessed by a prospective study.

Considering the substantial impact of plasmapheresis
on rituximab exposure demonstrated in our study, we con-
clude that removal of rituximab during plasmapheresis
should be taken into account to adapt the number of
rituximab infusions. Reducing the number of infusions as
described by Cravedi et al. is cost-effective [27].Thus, it can
be considered that two consecutive weekly infusions is a
standard of care. However, the quantification of the influ-
ence of plasmapheresis on rituximab exposure allowed us
to recommend an additional third infusion in order to
compensate for the plasmapheresis elimination.
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