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Variability in clinical and biological
response to rituximab in autoimmune
diseases: an opportunity for personalized
therapy?

A better understanding of the variability in clinical response to B-cell-depletion
therapy using rituximab in rheumatoid arthritis and systemic lupus erythematosus
is important to optimize the use of this therapy and improve patient outcomes. To
this end, we review current evidence on factors that affect pharmacokinetics and
pharmacodynamics of rituximab, and the biological and clinical response to this drug.
Also we briefly describe variability in B-cell depletion and reconstitution following
rituximab treatment and summarize elements that have been shown to distinguish
responders and nonresponders. Finally, we speculate on the prospects for exploiting
the knowledge gained thus far in developing rituximab-based personalized therapy
for rheumatoid arthritis and systemic lupus erythematosus.
Keywords: B-cell depletion • rheumatoid arthritis • rituximab • systemic lupus
erythematosus

B-cell-depletion therapy (BCDT) using
rituximab is licensed for the treatment
of refractory rheumatoid arthritis (RA)
and antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis, and is also
routinely used in clinical practice to treat a
range of autoimmune diseases including systemic lupus erythematosus (SLE). The list
of unlicensed indications where rituximab
is used has been increasing over the past
decade. Although there exists robust evidence on the safety and efficacy of rituximab
in RA considerable variability has also been
noted in biological and clinical response
between patients. However, what underlies
this variability remains poorly understood.
A better understanding of the factors and
mechanism/s that determine the clinical
response to rituximab could be exploited to
improve the overall effectiveness of BCDT
strategies. To this end, this review focuses
on describing factors and mechanisms that
may explain the variability in biological
and/or clinical response to rituximab in RA
and SLE.
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Variability in biological response to
rituximab: what does it mean & why
does it matter?
B cells involved in or driving the pathogenesis of autoimmune diseases are referred to
as autoreactive B cells, but their identity by
means of cell surface markers has not yet
been clearly defined. Therefore, it is not possible to assess the effectiveness of rituximab
in removing autoreactive B cells and total
B-cell depletion is used as a surrogate marker.
It should be noted that even effective
depletion as measured in peripheral blood
does not always result in clinical response.
There are practical difficulties in understanding how depletion in peripheral blood reflects
depletion in solid tissues, which may be more
relevant (see section ‘Interindividual variability in depletion & clinical response’). To reconcile these observed discrepancies between
effective depletion and clinical response we
suggest that an inadequate clinical response
despite effective depletion represents ‘refractory disease’ whereas simply not achieving
effective depletion represents ‘rituximab
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resistance’. Rituximab resistance may be related to
insufficient dose or increased drug clearance, but also
to resistance of autoreactive B-cell clones to depletion mechanisms induced by binding to rituximab.
A failure to achieve clinical response despite effective
depletion, ‘refractory disease’, may occur because the
disease is not B-cell dependent for initiation and/or
perpetuation. It is important to distinguish the two
scenarios because it could be hypothesized that the
group of patients who did not respond to rituximab
but have achieved effective depletion and do not show
any evidence of early return of B cells may not benefit from further B-cell-targeted therapies whereas at
least some patients from the group with poor response
who failed to achieve effective sustained depletion may
benefit from alternative agents or treatment regimens
that may improve B-cell depletion. Thus, it could be
conceived that dissecting patient groups on the basis of
effective sustained depletion, and relationship between
depletion and clinical response, may help identify
those likely or unlikely to respond to rituximab treatment and those who may benefit from alternative
B-cell-depleting strategies (Figure 1) .
However, distinguishing patients based on the criteria described above is riddled with practical problems.

For example, the definition of B-cell depletion used in
several studies thus far is ‘arbitrary’ and not based on
evidence of correlation with clinical response. It is our
view that at least in mechanistic or protocol-developing studies, when defining B-cell depletion highly sensitive flow cytometry (HSFC) should be used with a
threshold set at <1 cell/μl because such a definition has
been shown to correlate with clinical response in both
RA and SLE [1–3] and therefore ‘clinically meaningful’.
Defining biological response based on changes in laboratory parameters is less complex than defining clinical
response as indicated by changes in validated disease
activity scores, often derived from composite objective and subjective measures, such as DAS 28 score
and British Isles Lupus Assessment Group (BILAG),
Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI) and SLE-responder index (SLE-RI)
scores. Regardless of the mechanism of disease pathogenesis clinical response attributable to rituximab
therapy could be defined as ‘B-cell-dependent’ activity. B-cell-dependent disease activity may be limited
to a specific organ system or involve multiple organs.
This is an important consideration when evaluating clinical response in characteristically multisystem
autoimmune conditions such as SLE. Therefore, sev-
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Figure 1. Proposed algorithm for defining rituximab resistance and refractory disease.
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eral factors need to be taken into account when trying
to understand the basis for the variability in clinical
response to rituximab.
What can we learn from the experience of
using rituximab for B-cell malignancies?
Rituximab (IDEC-C2B8) is a chimeric IgG1κ (variable CDR regions [mouse] and Fc constant portion [human]) monoclonal antibody (mAb) directed
against CD20. It was first developed by IDEC Pharmaceuticals Corporation. CD20 was chosen as a therapeutic target because it was thought to: be exclusively
expressed on B cells; not modulate or shed; and be
expressed by more than 90% of B-cell malignancies
such as non-Hodgkin’s lymphoma (NHL) and chronic
lymphocytic leukemia (CLL). The mechanisms of
action of rituximab have been extensively studied in
the context of B-cell malignancies. The knowledge
thus gained is being exploited for the development of
better therapies to improve patient outcomes.
Clinical response to rituximab: the effect
of disease heterogeneity, rituximab
pharmacokinetics & the host’s immune system

In the initial Phase I, single dose-ranging (10, 50, 100,
250 and 500 mg/m2) study of rituximab in NHL,
peripheral blood B cells were specifically depleted
and remained depleted for 1 to more than 3 months.
Serum rituximab levels were variable and the serum
half-life was 4.4 days for patients treated with doses
of 100 mg/m2 or higher. Tumor tissue examination
2 weeks after treatment showed rituximab bound to
tumor cells in several of the cases, which suggests that
not all rituximab-coated cells are deleted. Modest
tumor responses were seen in seven of the nine patients
treated with doses equal to or greater than 100 mg/m 2
[4] . Subsequently, the therapeutic regimen of 4 weekly
infusions of 375 mg/m2 was chosen following a
Phase I, multiple-dose (125, 250 or 375 mg/m2 each)
study [5] and first used in a Phase II study of rituximab,
in 37 patients with NHL, who had relapsed despite
aggressive chemotherapy. Rituximab was licensed for
use in refractory NHL, following the pivotal study by
McLaughlin and colleagues [6] demonstrating that at
least half patients with refractory low-grade or follicular lymphoma (FL) responded to rituximab monotherapy [6] . In this Phase II/III study of NHL, 166 patients
with refractory NHL were treated with rituximab.
The response rate was 48% after a median follow-up
duration of 11.8 months. Responding patients were
noted to have follicular histology, higher serum rituximab levels, and also lower tumor burdens. Fifteen of
the 16 patients who did not deplete peripheral blood
B cells to undetectable levels did not respond to treat-
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ment. Only one patient developed human antichimeric
antibodies (HACA). Response rate in FL increased to
60% using, instead of four, eight consecutive weekly
infusions of 375 mg/m2 of rituximab [7] . Igarashi et al.
reported that extranodal disease was also associated
with poor response in FL [8] .
Association of response with follicular histology
was also described in another small early study where
all seven responding patients had FL while the nonresponders included two with diffuse large-cell lymphoma (DLCL) and one with mantle cell lymphoma
(MCL) [9] . Interestingly, serum rituximab levels
increased incrementally with repeated infusions and
were detectable in most patients at 3 months. Serum
half-life of rituximab was estimated at 18 ± 15 (mean
± SD) days. Lower response rates in DLCL and MCL
were also reported in another Phase II study of 54
patients with DLCL or MCL, which yielded response
rates of 37 and 33%, respectively. The features that
were more commonly noted in nonresponders were
chemotherapy-refractory disease, MCL histology and
tumor size > 5cm in diameter [10] . Response rates in
small lymphocytic lymphoma (SLL)/CLL were also
much lower [11,12] . A study of 33 patients with SLL/CLL
treated with variable doses of rituximab (100 mg ×
1, 250 mg/m2, weekly infusions of 375 mg/m2 for 4
weeks) showed that the overall response rate was 45%
with only 3% achieving complete response [12] . O’Brien
and colleagues reported that clinical response in CLL
may be improved using a higher dose of rituximab [13] .
In this study involving 40 patients with CLL, a doseescalation regimen with a starting dose of 375 mg/m 2
and subsequently the dose was escalated from 500 to
2250 mg/m2. Interestingly, a dose-dependent clinical
response was noted with 22, 43 and 75% for dosing
regimens 500–825, 1000–1500 and 2250 mg/m2,
respectively [13] . Further the duration of response was
shorter than that seen for NHL [14] . Interestingly, even
in patients with same histology, CLL, genomic microarray either alone or in combination with laboratory
parameters such as IgVH mutation has been shown to
accurately distinguish responders from nonresponders
to rituximab [15] .
Other studies explored the use of rituximab in combination with chemotherapy. In NHL, the response
rates were impressive at 89–95% overall response rate
and 56% complete response when rituximab was used
in combination with cyclophosphamide, doxorubicin,
vincristine and prednisolone (CHOP) chemotherapy
[16,17] . Furthermore, the responses were sustained at
long term with median follow-up period of 63 months
achieving a 5-year progression-free survival of 82% [18] .
The efficacy of a combination chemoimmunotherapy,
rituximab-CHOP, for NHL was also confirmed in

www.futuremedicine.com

281

Review

Reddy & Leandro

larger studies [19] . In NHL, serum rituximab levels
correlated with female gender (higher), tumor burden (bone marrow infiltration) and clinical response
[20] . Pfreundschuh and colleagues have conducted a
randomized trial comparing rituximab-CHOP versus
CHOP in 824 patients with a follow-up duration of
6 years showing better overall survival in the group
receiving rituximab at 74% when compared with 56%
for the group without rituximab [21] . Griffin et al. have
published an excellent critical overview of the use of
rituximab in NHL in RCT settings [22] .
Thus, taken together, it appears that the clinical response to rituximab in B-cell malignancies was
influenced by: the histological type, extra-nodal disease and the tumor burden; rituximab dose used; persistent high serum levels of rituximab; better response
to prior chemotherapy; and rituximab used in combination with chemotherapy. However, the mechanisms
underlying variability between individuals in clinical response within each disease category and factors
influencing serum rituximab levels remained elusive.
Therefore, several groups focused on understanding
the mechanisms of action of rituximab (see secion ‘So,
what factors determine resistance to depletion with
rituximab?’).
B-cell depletion in autoimmune diseases
The rationale for using rituximab in B-cell malignancies was straightforward with response reflecting how
well tumor cells were killed and/or their proliferation
prevented. By contrast, the rationale for using rituximab in autoimmune diseases was initially based on
the presence of pathogenic autoantibodies, in particular IgM isotope, which is more dependent on formation of new plasma cells. Therefore, removal of B cells
would interrupt the formation of new plasma cells. An
alternative, more complex hypothesis such as the ‘selfperpetuating B-cell hypothesis’ was the main rationale
for using B-cell depletion in RA [23] . In autoimmune
diseases, variability in clinical response to rituximab
will necessarily reflect a combination of how well
B cells are depleted and the exact role and importance
of different B-cell subsets and their products in disease
pathogenesis.
The safety and efficacy of rituximab in RA is now
well established following the pivotal randomized
controlled trial (RCT) of 161 patients with active RA
refractory to methotrexate. At least 41% of patients
receiving rituximab achieved 50% improvement in the
American College of Rheumatology (ACR) responses
when compared with 13% for methotrexate alone [24] .
Subsequently, rituximab was licensed for the treatment of refractory RA and to date several thousands
of patients with RA worldwide have been treated. The
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robust safety record of rituximab in RA, which is comparable to that of other biologics used to treat RA such
as anti-TNF antagonists, has reinforced BCDT as an
important therapeutic strategy. Therefore, the focus
now is on optimizing the use of rituximab for RA. An
important starting step to achieve this is to understand
the variability in biological and clinical response to
rituximab. Below, we shall briefly review selected early
studies that described variability in biological and/or
clinical response and focus on identifying factors that
may have influenced the observed variability.
Interindividual variability in depletion
& clinical response
Variability in biological and/or clinical response to
rituximab as assessed by changes in several clinical and
laboratory parameters have been reported in studies
(Table 1) .
Variability in peripheral & tissue B-cell
depletion & clinical response

The first pilot study investigating the effectiveness of
BCDT based on rituximab included five patients with
refractory seropositive RA [32] . The treatment regimen
used a combination of rituximab, cyclophosphamide
and oral steroids. All five patients responded to treatment but even in this small number there was variability in the extent of improvement noted and duration of response. The study was then extended to
22 patients with refractory RA, treated with various
doses of rituximab, with or without cyclophosphamide or oral corticosteroids [33] . The results of this
study suggested that a minimum dose of rituximab
was required (600 mg/m2). Two patients seronegative
for rheumatoid factor (RF) did not respond but had
received a lower dose of rituximab. Again, variability
was noted in the extent of the clinical response and
its duration. Relapses were preceded by or coincided
with B-cell repopulation of the peripheral blood even
after repeated treatments. The time to relapse from
repopulation of B cells varied from 0 to 17 months [26] .
B-cell depletion in the bone marrow was also
variable. In a small number of patients with RA, at
3–4 months after treatment, there was variability in
the degree of B-cell depletion and in the proportion
of CD19 + cells and of different subpopulations in the
bone marrow [29] . The extent of depletion correlated
with clinical response with greater depletion associated with better clinical response. Several groups have
reported on the variability in B-cell depletion achieved
in the synovium [34–37] . Although as yet there is no
conclusive link between nondepleted B cells contributing to poor response in RA, it is worth noting that such
a phenomenon has been implicated in chronic active
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Table 1. Variability in biological and clinical response to rituximab.
Variability in parameters

Comments

Condition

Degree of BCD and development of
HACAs

The degree of depletion did not depend
on the dose of rituximab used and the
development of HACAs was associated with
lower rituximab levels

SLE (n = 17)

Ref.
[25]

Time to clinical relapse from B-cell
repopulation varied from 0 to
17 months

Variability in depletion was noted between
patients despite the same dose of rituximab

RA

[26]

The decrease of anti-dsDNA antibody
levels from baseline

The extent of decrease in anti-dsDNA
antibody levels was greater in responders

SLE (n = 16)

[27]

Duration of peripheral BCD
(3–8 months)

One patient remained depleted at 4 years

SLE (n = 24)

[28]

Bone marrow B-cell lineage cells at
3 months after RTX

Variability was noted in the proportion of
pro- and pre-B cells and there was a trend
towards better response in patients with
better depletion

RA (n = 6)

[29]

Degree of depletion

BCD (<5 cells) correlated with clinical
response and inversely with HACAs

SLE (n = 18)

[30]

HACAs

No correlation between FcgRIIIa
polymorphism and clinical response

SLE (n = 18)

[30]

Response to immunization with
pneumovax

HACAs were higher in 3 patients treated
with low-dose RTX (100 mg)

SLE (n = 18)

[30]

7 months after Rx with RTX

70% response (SLEDAI improved >2)

SLE (n = 18)

[30]

Degree of peripheral BCD

BCD defined as <5 cells/μl

SLE (n = 65)

[31]

BCD: B-cell depletion; HACA: Human antichimeric antibody; RA: Rheumatoid arthritis; RTX: Rituximab; SLE: Systemic lupus erythematosus;
SLEDAI: Systemic lupus erythematosus disease activity index.

antibody-mediated graft rejection (renal transplant) [38]
and in Sjogren’s syndrome [39] , which was attributed to
local production of BAFF thought to protect against
rituximab-induced apoptosis. Further exploration of
the area is out of remit of the current review.
The initial pilot open study to investigate the safety
and efficacy of rituximab in six patients with refractory SLE [40] at University College London (UCL)
employed two 500-mg doses of rituximab and two
750-mg doses of intravenous cyclophosphamide plus
prednisolone 30 mg or 60 mg for 5 days. Similar to
RA, clinical relapse occurred either at the time or after
B-cell repopulation, but there was considerable variability between patients in duration of B-cell depletion and interval between B-cell repopulation and
clinical flare. Prolonged periods of B-cell depletion
(CD19 count <10 cells/μl for >12months) was noted
in 15 patients with one patient not having repopulated for 7.5 years after treatment with rituximab and
one patient who did not deplete [41] . We found that
in 63 patients with SLE under follow up at UCL, all
but five patients of whom received 2 doses of 1 g rituximab a week apart, the duration of depletion varied
such that following the first cycle of treatment, four
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patients (6%) did not deplete (with B-cell counts above
0.005 × 109/l at 1 month and no subsequent decrease).
B cells repopulated at 2 months in five (7%), at
3 months in seven (11%) and by 6 months in 34 (54%)
[31] . In an early Phase I/II study involving 17 patients
with refractory SLE, Looney and colleagues, using
either a single dose of 100 mg/m2 (low dose) or a single dose of 375 mg/m2 (intermediate dose) or 4 doses
(1 week apart) of 375 mg/m2 (high dose), also noted a
considerable variability in the degree of B-cell depletion; with some patients in the low-dose group achieving adequate B-cell depletion while some patients in
the high-dose group did not deplete well [25] . Albert
and colleagues also noted variability in B-cell depletion with seven of 24 patients achieving incomplete
depletion and the degree of depletion correlated with
clinical response [30] . In the EXPLORER study, B-cell
depletion (CD19 count <10 cells/μl) was not achieved
in 9.5% of patients [42] . Thus, there occurs a clear variability in the degree and duration of B-cell depletion
between patients with RA and SLE regardless of the
dose of rituximab used. Our clinical experience suggests that SLE patients tend to deplete less well. However, data are lacking on whether there is a clear differ-
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ence in the degree and duration of depletion between
RA and SLE. Moreover, comparing rituximab-induced
depletion in RA and SLE would be limited by confounding factors including background/concomitant
therapies and rituximab regimen.
HSFC is a useful tool in predicting response

In many studies of rituximab in RA and SLE B-cell
depletion has been arbitrarily defined as peripheral
CD19 + cells <5–10 cells/μl [28,41–46] . However, based
on this definition there was no consistent correlation
between the degree of depletion and clinical response.
The thresholds used in these studies for defining B-cell
depletion may not be sensitive enough. For example,
using HSFC (where 500,000 lymphocytes are counted
instead of the usual 2000–20,000) it was shown that,
in both RA and SLE, the degree of B-cell depletion
correlates with clinical response. A more stringent
definition of B-cell depletion as peripheral CD19+ cell
count as <1 cell/μl using HSFC is predictive of clinical
response to rituximab in both RA and SLE [1,2] . In RA,
clinical response to rituximab was shown to depend
on the degree of depletion, regardless of the dose of
rituximab used. Important findings of these studies
show that peripheral B-cell depletion was incomplete
in 18% of patients with RA [47] and 54% of patients
with SLE [2] . The majority of cells circulating during
the depletion period are plasmablasts/plasma cells and
memory B cells [2,44,48] . In addition, the presence of
circulating plasmablasts at 6 weeks after rituximab was
shown to correlate with clinical response in both RA
and SLE. All nonresponders were found to have detectable plasmablasts at 6 weeks after rituximab. Thus, a
B-cell depletion threshold of < 1cell/μl appears to be
a good biomarker that predicts response to rituximab.
Nevertheless, some patients may not respond despite
achieving complete depletion, as defined by HSFC [1] .
Variability in reconstitution of total B cells,
B-cell phenotypes & clinical relapse

As discussed earlier, in RA the time to relapse from
repopulation of B cells varied in the initial UCL cohort
from 0 to 17 months [26] . Repopulation of the peripheral blood after rituximab occurs predominantly with
naive mature and transitional B cells similar to after
bone marrow transplantation [44] . Patients with prolonged clinical response showed delayed reconstitution of peripheral blood CD27+ memory B cells, in
some cases for years, and shorter responses seemed
to be associated with repopulation with more memory B cells in RA [44,49–50] and in SLE [2,50] . It is not
known whether this represents incomplete depletion of
memory B-cell clones or increased maturation. In SLE
prolonged response was associated with seronegativity
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for autoantibodies against extractable nuclear antigens
(ENAs; RNP, Sm, Ro and La) [43] .
Furthermore, it has been suggested that patients
with SLE grouped based on the baseline levels of
dsDNA antibodies demonstrate different kinetics of
B-cell repopulation, with variability in time taken to
clinical relapse following treatment with rituximab
[51] . It was shown that patients with high dsDNA
antibodies tended to flare earlier and had a greater
frequency of plasmablasts whereas those with low
dsDNA antibodies had a greater frequency of doublenegative (IgD-CD27-) cells at the time of relapse, but
not in r emission.
Variability in changes in serum autoantibodies
& correlation with clinical response

Although, it has been shown that seropositive RA
patients respond better than seronegative RA patients
[52] it is unclear whether clinical response correlates
with the extent of decrease in autoantibody serum
levels. Cambridge and colleagues noted in the initial
study that in all patients with RA treated with rituximab, serum IgA, IgG and IgM levels decreased, and
to below normal range for IgG in three patients and
IgM in eight patients. Clinical response correlated
with a significant decrease in the levels of autoantibodies, RF and anti-CCP antibodies [26] . In a study of
16 patients with SLE treated with rituximab at UCL,
Cambridge and colleagues noted a variability in the
extent of decrease in serum levels of anti-dsDNA both
in responding and nonresponding patients at mean ±
SD of 42 ± 36% and 60 ± 40% of baseline, respectively. An extension of the study to 50 patients with
SLE also demonstrated a significant variability in biological response in terms of serum complement levels
and anti-dsDNA antibodies [41] . Interestingly, in SLE,
antibodies against ENAs did not decrease following
rituximab treatment in contrast with anti-dsDNA
[53,54] and were associated with poor response and/or
early relapse [43] .
Variability in the development of HACAs

The development of HACAs may contribute to lack
of clinical response, particularly in SLE. However,
in RA, it it does not seem to significantly influence
the clinical response to treatment with rituximab.
Nevertheless, patients with autoimmune diseases are
more likely to develop HACAs when compared with
patients with lymphoma. In the early Phase I/II study
of rituximab in SLE HACAs were documented in six
of 17 patients with SLE, who had African ancestry,
higher disease activity and received low-dose rituximab [25] . As discussed earlier, the development of
HACAs was <1% in B-cell malignancies whereas
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HACAs were noted in 5% of patients with RA in the
Phase II trial [24] and in 26% of patients with SLE in
the EXPLORER trial [42] .
Variability in rituximab pharmacokinetics

Variability in rituximab pharmacokinetics has been
well documented in B-cell malignancies and RA.
Early studies in NHL employing the same treatment
regimen found remarkable variability in serum halflife and levels of rituximab achieved (see section ‘What
can we learn from the experience of using rituximab
for B-cell malignancies?’).
In RA, the relationship between rituximab levels
and its effects as measured by peripheral B-cell count
is also variable. Others and we have reported, despite
the same dosing regimen employed, a remarkable variability in serum rituximab levels between patients with
RA and SLE [55] . In RA, there is no evidence for correlation between rituximab levels and clinical response.
A Phase II study involving 161 patients randomized to
receive either methotrexate alone, rituximab + methotrexate or rituximab + cyclophosphamide or rituximab
alone were compared. Serum rituximab levels (area
under the curve) did not differ between the groups and
peripheral CD19 + B-cell levels did not correlate with
clinical response as all patients achieved B-cell depletion (low sensitivity, <10 cells/μl) at 2 weeks [56] . The
mean terminal half-life of rituximab in this study was
19–22 days. In a preliminary analysis of 102 patients
from the same Phase II study cohort two parameters
including body surface area and male gender influence
rituximab pharmacokinetics to a minor extent [57] .
Also, in RA, serum rituximab levels did not correlate
with synovial B-cell depletion or clinical response [34] .
We showed that at both 1 and 3 months after rituximab therapy, serum rituximab levels were highly variable in patients with RA and SLE. Furthermore, serum
rituximab levels achieved in RA were >9-fold greater
than that achieved in SLE at both 1 and 3 months [55] .
A plausible explanation for this finding may lie in the
fact that the serum half-life of IgG is lower in SLE
when compared with RA; 8 and 14 days, respectively
[58] . However, the underlying reasons for the interindividual variability in rituximab levels with in each
disease category remain elusive.
Other factors: ethnicity

In a subgroup analysis in the LUNAR study of patients
with lupus nephritis, Hispanic and African–American
patients showed a favorable response to rituximab.
In fact, in this subgroup of patients none required
cyclophosphamide rescue therapy when compared
with eight patients in the group that did not receive
rituximab for the treatment of lupus nephritis [46] .
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The African–American/Hispanic patients with nonrenal SLE also achieved a better clinical response, as
reported in the EXPLORER study, with 13.8 versus
9.4% and 20 versus 6.3% major and partial clinical
response with rituximab when compared with placebo [42] . There is no evidence of difference in clinical
response to rituximab in patients with RA of different
ethnicities.
Thus, several important factors are associated with
poor clinical response (Table 2) and relapse following
treatment with rituximab (Table 3) .
So, what factors determine resistance to
depletion with rituximab?
The exact mechanisms of depletion of B cells by rituximab and of resistance have been extensively studied
in B-cell malignancies. by contrast, there remains a
gap in our knowledge of the possible mechanisms of
resistance to depletion by rituximab in the context of
autoimmune diseases.
B cells from lupus-prone mice transgenic for human
CD20 have greater resistance to depletion [67] , which
may, at least in part, be due to an acquired defect in
Ig-dependent phagocytosis [68] . Murine studies suggest
that B-cell depletion is dependent on both the cellular
characteristics as well as the microenvironment [69] .
Data on B-cell resistance to rituximab in patients with
RA and SLE are limited. We have recently presented
our preliminary results, which suggest that, in vitro,
B cells from patients with RA and SLE are more resistant to depletion with rituximab when compared with
B cells from healthy controls and that B-cell depletion
may be improved by using newer anti-CD20 agents
[70] . However, the mechanisms underlying the resistance to depletion remain elusive. Despite several differences in B-cell biology between autoimmune and
malignant B cells and the microenvironment they survive in important lessons could be learned from the
bulk of evidence from studies in B-cell malignancies.
Anti-CD20 mAbs evoke three main mechanisms of
cell death: complement-dependent cell death (CDC);
antibody-dependent cellular cytotoxicity (ADCC);
and direct cell death (DCD) [71] . Factors that could
influence the outcome of triggering of these cytotoxic
mechanisms include the target antigen CD20, expression of complement defense proteins involved in CDC
and Fc receptors that may determine the efficiency
of ADCC.
Does the level of expression of the target
antigen, CD20, matter?

CD20 expression of CLL cells is characteristically low
[72] and can be higher in the circulating CLL cells when
compared with CLL cells found in the bone marrow or
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Table 2. Factors associated with poor response to rituximab in autoimmune disease.
Factor associated with poor
response

Comments

Condition

Ref.

Good response correlated with a
drop in CRP and autoantibodies

Reduction in autoantibodies would suggest RA
that rituximab interupts the formation of
autoantibody antibody secreting cells

[26]

BM B-cell lineage cells at 3 months
after RTX

Variability was noted in the proportion of
pro- and pre-B cells and there was a trend
towards better response in patients with
better depletion

RA

[29]

Anti-ENA-positive patients were
more likely to flare

Baseline autoantibody profiling may help
predict response to rituximab in SLE

SLE

[43]

Incomplete depletion

Patients with incomplete B-cell depletion
(<1 cell/μl) included all nonresponders

RA (n = 80)

[2]

Depletion of memory B cells in PB
and BM (n = 8) at 3 months

Reduction of CD19 + HLADR + activated
B cells. Insignificant reduction in BM B cells

RA (n = 11)

[59]

Nonresponders had a higher
frequency of IgD + CD27+ MCs at the
time of relapse

B-cell repopulation with a higher
RA
frequency of IgD + CD27+ MCs was associated
with early relapse (no differences in
subsets at baseline between Rs and NRs)

[49]

BAFF levels (>1011 pg/ml),
RF-negative and lymphocyte count
>1875/µl

RA

[60]

FcRIIIa F158V polymorphism

High-affinity polymorphism associated
with good response

RA (n = 177);
and RA (n = 111)

FcRIIIa F158V polymorphism

High-affinity polymorphism associated
with good response

SLE

[63]

No IFN type 1 signature

Genome-wide microarray in a small
prospective RA cohort suggests IFN type 1
signature as a marker of nonresponse

RA (n = 14)

[64]

TTTT BLyS promoter haplotype in
seropositive patients

The frequency of the promoter haplotype
was comparable in both seropositive and
seronegative patients, but good response
to RTX was seen only in seropositive
patients with the promoter haplotype.
BLyS levels were not of predictive
significance

RA (n = 152)

[65]

IgJhiFCRL5lo, a combination
biomarker of plasmablasts was
associated with poor response

Pooled samples from RCTs

RA

[66]

[61,62]

BM: Bone marrow; ENA: Extractable nuclear antigens; MC: Memory cell; NR: Nonresponder; PB: Peripheral blood; R: Responder;
RA: Rheumatoid arthritis; RCT: Randomized controlled trial; RF: Rheumatoid factor; RTX: Rituximab; SLE: Systemic lupus erythematosus.

lymph nodes [73] . The expression of CD20 was lowest
in B-cell CLL; higher in FL, MCL and splenic lymphoma; and was highest in hairy cell leukemia. Using
specific antimouse Ig antibodies it was shown that, in
patients with CLL, rituximab treatment was associated
with downmodulation of CD20. Consequently, rituximab was not bound to cell surface [74] . It was suggested that soluble CD20, found circulating in CLL,
may also bind to rituximab and reduce its efficacy [75]
with further influence by cytogenetic abnormalities
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such as del(17)(p13.1) [76] . Therefore, CD20 expression may, at least in part, explain the discrepancy in
clinical response between the histological types. However, variation in CD20 expression by means of altered
expression after treatment with rituximab [77] or due
to genetic variances is thought to be rare and therefore unlikely to explain more frequent variability in
clinical response noted between individuals. Data are
lacking on the expression of CD20 in different B-cell
phenotypes in autoimmune diseases.
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CDC

Antibody-dependent cell cytotoxicity

In vitro studies using cells obtained from patients
with CLL suggested that complement-mediated cytotoxic effects of rituximab correlate with expression of
CD20 and blocking of complement defense proteins
CD55 and CD59 [78] . However, CDC has not been
shown to be the predominant cytotoxic mechanism
in vivo. Rituximab led to significant depletion of
B cells even in C1q-deficient mice and also it was
shown that rituximab with K322A mutation of the
Fc portion despite lacking the ability to bind complement or activate CDC still achieved significant
depletion [79] . The expression of complement defense
proteins has not shown to predict clinical response
in FL [80] . Jones et al. showed that, in vitro, in the
presence of sera from patients with seropositive RA,
CDC induced by rituximab was inhibited [81] . However, whether such a phenomenon occurs in vivo, and
if so, what effect this would have on the final degree
of depletion and on clinical response remains to be
determined.

ADCC is considered the most important mechanism
of cell death in vivo in both FL and autoimmune diseases, RA and SLE. In FL, the high-affinity FcγRIIIa
158V polymorphism and FcγRIIa 131H were shown
to be associated with better clinical response [85,86] .
By contrast, polymorphisms of activatory Fc receptors (FcγRIIIa and FcγRIIa) do not predict response to
rituximab in CLL [87] , which suggests that the most
important effector mechanism may vary between diseases. An outstanding study by Lim et al. suggests that
rituximab modulates CD20, a process regulated by the
inhibitory FcvRIIb on B cells. Briefly, the variability
in clinical response to rituximab both at an individual
level and histological type of lymphoma was shown to
correlate inversely with B-cell expression of FcγRIIb
[88] . Subsequently, although genetic polymorphisms in
the inhibitory FcγRIIb 232I/T was found not to predict
clinical outcome in FL [89] , it was shown that the target
tumor expression of the inhibitory FcγRIIb was predictive of response in FL with significantly better responses
seen in patients with tumor targets expressing low levels of FcγRIIb [90] . Thus, Fc receptor polymorphisms
and tumor expression of the inhibitory Fc receptors
are important factors influencing clinical response to
rituximab in FL.
Interestingly, SLE patients from the early small
Phase I/II study were assessed for the genotypes of
FcRIIa and FcRIIIa showing that clinical response and
B-cell depletion were better in those with high affinity FcRIIIa 158VV genotype. This finding is similar to
that noted in NHL, as discussed earlier, and implicates
the importance of ADCC as an important mechanism
evoked by rituximab in vivo in patients with SLE [63] .
By contrast, another study reported a trend towards less
good depletion was noted in SLE patients with the highaffinity FcRIIIa genotype [30] . In RA, a retrospective
study found that the high-affinity FcRIIIa 158V variant

Direct cell death

In the absence of activation of CDC or ADCC, DCD
would be a direct mechanism of deleting B cells. However, the relative importance of this mechanism alone
in vivo remains unclear. In vitro studies using tumor
cell lines suggest a role for the cytokine IL-10, the
levels of which correlated with Bcl-2 expression and
resistance to rituximab-induced apoptosis. The mechanisms of inhibition of IL-10 synthesis are purported
to occur through rituximab-mediated inhibition of
p38 MAPK and STAT3 [82,83] . Following incubation
with rituximab the secretion of IL-10 was inhibited,
which would be expected to increase sensitivity to
apoptosis, a plausible mechanism that may explain
improved response rates noted with rituximab used in
combination with CHOP [84] .
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Table 3. Parameters associated with clinical relapse.
Factor associated with early clinical relapse

Comments

Condition

Ref.

Relapse was preceded by B-cell repopulation and These findings suggest that relapse
an increase in levels of autoantibodies
occurs after B-cell repopulation

RA (n = 22)

[26]

Higher numbers of IgD + CD27+ memory B cells at
repopulation

Repopulation occurred mainly with
naive cells whereas relapse was
associated with memory B cells

RA (n = 24)

[44]

Higher numbers of IgD + CD27+ memory B cells at
baseline and at the time of repopulation

Variability in the frequency of
IgD + CD27+ memory B cells at
baseline

RA (n = 17)

[49]

Anti-dsDNA antibody levels and B-cell numbers,
B-cell phenotype were predictive factors for
relapse

Relapse was associated with B cell
markers and anti-ds DNA antibody
levels

SLE (n = 67)

[51]

RA: Rheumatoid arthritis; SLE: Systemic lupus erythematosus.
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was associated with better clinical response [61] , however, another study did not find such an association [91] .
These studies suggest that ADCC may be the primary
mechanism of depletion in vivo also in RA and SLE.
Alternative resistance mechanisms

An alternative proposed mechanism of resistance is
‘shaving of rituximab–CD20 complexes’, whereby,
probably due to effector cell exhaustion, rituximab
treatment, instead of triggering the effector cell phagocytosis or cytotoxic degranulation to cause target cell
death, leads to ‘trogocytosis’ of RTX–CD20 complexes.
It has been suggested that using low-dose more frequent
regimens (fractionated subcutaneous rituximab thrice
weekly) may minimize trogocytosis and preserve CD20
on the cell surface [92,93] . Further studies are warranted
to evaluate the relevance of this phenomenon in real
clinic situations and outside the CLL context with cells
with lower expression of rituximab.
Also, it has been suggested that the type 1 interferon
pathway may be activated in rituximab nonresponders
in RA. An in vitro study of the effects of rituximab on
B-cell lines transfected with certain viruses suggested
that rituximab may promote the production of the proinflammatory cytokine type 1 interferon by B cells, a
plausible mechanism of resistance to rituximab in SLE
[94] . However, the EXPLORER study did not find a
significant association between type 1 interferon expression and changes in serum complement or anti-dsDNA
antibody levels to rituximab [54] . In RA, the expression
of a cluster of type 1 interferon genes including LY6E,
HERC5, IFI44L, ISG15, MxA, MxB, EPSTI1 and
RSAD2 in peripheral blood cells distinguished responders and nonresponders [64] . However, it should be noted
that rituximab-refractory disease may be due to incomplete depletion of B cells, persistence of CD20-B lineage
cells such as plasmablasts and plasma cells, repopulation
of nondepleted B cells, changes in subgroups of T cells
or simply because the disease pathogenesis is independent of B cells. Disease activity may be B-cell dependent, particularly in SLE, where some but not all clinical manifestations may improve with rituximab. For
example, the pool of plasma cells may be only partially
affected by transient interruption of the ‘feed-in’ from
B cells following their depletion and, therefore, plasma
cells, as they are not directly affected by rituximab, continue to secrete DNA antibodies. The authors believe
that B cells and autoantibodies drive disease in SLE and
seropositive RA patients. We believe that poor depletion
and long-lived plasma cells contributes to poor response.
Our current research is also based on this hypothesis.
Biomarkers that predict response prior to treatment would be ideal, however, heterogeneity of patient
characteristics and disease characteristics would be
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expected to limit the prospects. Therefore, biomarkers
that accurately predict the course of response following
treatment may serve to improve our understanding of
disease pathogenesis and mechanisms of response and
resistance to rituximab. For example, HSFC, B-cellphenotype profile, serum BAFF levels, Fc receptor genotype, HACA development and immune architecture at
tissue level.
In vitro experiments suggested that statins may impair
rituximab effects by inducing conformational changes in
CD20 in lymphoma cell lines [95] . However, the results
of two studies in patients with RA treated with rituximab and receiving concomitant statins or not revealed
conflicting effects. The Dutch Rheumatoid Arthritis
Monitoring (DREAM) registry reported that patients
receiving statins experienced nearly 2 months less effective period of rituximab benefit when compared with
those not receiving statins [96] whereas another study,
involving comparable number of patients, did not find
a difference in clinical response between patients receiving statins or not [97] . Thus, in vitro findings may not
translate into clinical effects; perhaps a key factor may
be due to the activation of multiple effector pathways
in vivo (as discussed earlier), which may be difficult to
accurately study in vitro.
Thus, three important factors influence the variability
in clinical response to rituximab: first, disease or condition being treated; second, host-related factors; and
third, the biological agent, rituximab.
Conclusion
In summary, the precise mechanisms influencing variability of individual responses remain poorly understood. Similar to clinical studies in patients with B-cell
malignancies, host-related factors such as Fc receptor
polymorphisms and disease-specific factors including heterogeneity, target cell expression of CD20 and
FcγRIIb may independently impact on interindividual
variability in biological and clinical response to rituximab. Identification of the key effector pathways of
response or resistance would provide new insights into
developing patient tailored B-cell-targeted therapies for
the treatment of autoimmune diseases.
Future perspective
Future B-cell-depletion strategies include employment
of different treatment regimens such as using rituximab
more frequently administered via the subcutaneous
route, its use in combination or sequentially with other
biologics such as BLYS/APRIL-targeting drugs such as
belimumab, anti-TNF agents and tocilizumab, an antiIL-6 receptor antibody. Newer anti-CD20 antibodies
have been developed to increase their efficacy. Such
modifications include antibodies such as 2F2 (ofatu-
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mumab), which binds to a different epitope than that
of rituximab and has remarkable slower off-rate and
enhanced CDC [98] and has been shown to be effective in
methotrexate-refractory RA [62] . Radiolabeled mAb conjugates such as ibritumomab (yttrium-90 labeled antiCD20) and toxin-conjugated mAbs, some approved for
B-cell malignancies, may prove to be too aggressive for
autoimmune disease. Alternatively, second-generation
anti-CD20 antibodies such as glyco-engineered GA101
or obinutuzumab, which is currently in Phase III studies for B-cell malignancies, may be used to overcome
rituximab resistance in autoimmune diseases.
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Executive summary
Variability in biological response to rituximab: what does it mean & why does it matter?
• Interindividual variability in clinical response to rituximab occurs both in rheumatoid arthritis (RA) and
systemic lupus erythematosus (SLE).

Interindividual variability in depletion & clinical response
• Highly sensitive flow cytometry is a valuable tool to assess peripheral B-cell depletion.
• The degree of depletion and the pattern of B-cell reconstitution may serve as surrogate markers of rituximab
resistance and/or refractory disease.
• Serum rituximab levels are remarkably variable between individuals with RA and SLE.
• Factors such as Fc gamma receptor polymorphisms that influence the host’s immune system play an important
role in determining biological and/or clinical response to rituximab in both RA and SLE.
• Several potential biomarkers of rituximab response are currently being evaluated for clinical utility.
• A better understanding of the variability in response to rituximab therapy is likely to provide new insights to
optimize the use of rituximab and move us a step closer towards delivering personalized therapy.

References
1

Vital EM, Rawstron AC, Dass S et al. Reduced-dose
rituximab in rheumatoid arthritis: efficacy depends on
degree of B cell depletion. Arthritis Rheum. 63(3), 603–608
(2011).

2

Vital EM, Dass S, Buch MH et al. B cell biomarkers of
rituximab responses in systemic lupus erythematosus.
Arthritis Rheum. 63(10), 3038–3047 (2011).

3

Vancsa A, Szabo Z, Szamosi S et al. Longterm effects of
rituximab on B cell counts and autoantibody production
in rheumatoid arthritis: use of high-sensitivity flow
cytometry for more sensitive assessment of B cell depletion.
J. Rheumatol. 40(5), 565–571 (2013).

4

Maloney DG, Liles TM, Czerwinski DK et al.
Phase I clinical trial using escalating single-dose infusion of
chimeric anti-CD20 monoclonal antibody (IDEC-C2B8)
in patients with recurrent B-cell lymphoma. Blood 84(8),
2457–2466 (1994).

5

Maloney DG, Grillo-Lopez AJ, White CA et al. IDECC2B8 (rituximab) anti-CD20 monoclonal antibody
therapy in patients with relapsed low-grade non-Hodgkin’s
lymphoma. Blood 90(6), 2188–2195 (1997).

6

McLaughlin P, Grillo-Lopez AJ, Link BK et al. Rituximab
chimeric anti-CD20 monoclonal antibody therapy for
relapsed indolent lymphoma: half of patients respond
to a four-dose treatment program. J. Clin. Oncol. 16(8),
2825–2833 (1998).

future science group

7

Piro LD, White CA, Grillo-Lopez AJ et al. Extended rituximab
(anti-CD20 monoclonal antibody) therapy for relapsed or
refractory low-grade or follicular non-Hodgkin’s lymphoma.
Ann. Oncol. 10(6), 655–661 (1999).

8

Igarashi T, Kobayashi Y, Ogura M et al. Factors affecting
toxicity, response and progression-free survival in relapsed
patients with indolent B-cell lymphoma and mantle cell
lymphoma treated with rituximab: a Japanese Phase II study.
Ann. Oncol. 13(6), 928–943 (2002).

9

Tobinai K, Kobayashi Y, Narabayashi M et al. Feasibility and
pharmacokinetic study of a chimeric anti-CD20 monoclonal
antibody (IDEC-C2B8, rituximab) in relapsed B-cell
lymphoma. The IDEC-C2B8 Study Group. Ann. Oncol. 9(5),
527–534 (1998).

10

Coiffier B, Haioun C, Ketterer N et al. Rituximab (anti-CD20
monoclonal antibody) for the treatment of patients with
relapsing or refractory aggressive lymphoma: a multicenter
Phase II study. Blood 92(6), 1927–1932 (1998).

11

Nguyen DT, Amess JA, Doughty H, Hendry L, Diamond
LW. IDEC-C2B8 anti-CD20 (rituximab) immunotherapy
in patients with low-grade non-Hodgkin’s lymphoma and
lymphoproliferative disorders: evaluation of response on
48 patients. Eur. J. Haematol. 62(2), 76–82 (1999).

12

Byrd JC, Murphy T, Howard RS et al. Rituximab using a
thrice weekly dosing schedule in B-cell chronic lymphocytic
leukemia and small lymphocytic lymphoma demonstrates
clinical activity and acceptable toxicity. J. Clin. Oncol. 19(8),
2153–2164 (2001).

www.futuremedicine.com

289

Review

Reddy & Leandro

13

O’Brien SM, Kantarjian H, Thomas DA et al. Rituximab
dose-escalation trial in chronic lymphocytic leukemia.
J. Clin. Oncol. 19(8), 2165–2170 (2001).

14

Huhn D, Von Schilling C, Wilhelm M et al. Rituximab
therapy of patients with B-cell chronic lymphocytic
leukemia. Blood 98(5), 1326–1331 (2001).

15

16

17

18

19

290

Friedman DR, Weinberg JB, Barry WT et al. A genomic
approach to improve prognosis and predict therapeutic
response in chronic lymphocytic leukemia. Clin. Cancer
Res. 15(22), 6947–6955 (2009).
Vose JM, Link BK, Grossbard ML et al. Phase II study
of rituximab in combination with chop chemotherapy in
patients with previously untreated, aggressive non-Hodgkin’s
lymphoma. J. Clin. Oncol. 19(2), 389–397 (2001).
Czuczman MS, Grillo-Lopez AJ, White CA et al. Treatment
of patients with low-grade B-cell lymphoma with the
combination of chimeric anti-CD20 monoclonal antibody
and CHOP chemotherapy. J. Clin. Oncol. 17(1), 268–276
(1999).
Vose JM, Link BK, Grossbard ML, Czuczman M, GrilloLopez A, Fisher RI. Long-term update of a Phase II study
of rituximab in combination with CHOP chemotherapy in
patients with previously untreated, aggressive non-Hodgkin’s
lymphoma. Leuk. Lymphoma 46(11), 1569–1573 (2005).
Hiddemann W, Kneba M, Dreyling M et al. Frontline
therapy with rituximab added to the combination of
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) significantly improves the outcome for patients with
advanced-stage follicular lymphoma compared with therapy
with CHOP alone: results of a prospective randomized
study of the German Low-Grade Lymphoma Study Group.
Blood 106(12), 3725–3732 (2005).

20

Jager U, Fridrik M, Zeitlinger M et al. Rituximab serum
concentrations during immuno-chemotherapy of follicular
lymphoma correlate with patient gender, bone marrow
infiltration and clinical response. Haematologica 97(9),
1431–1438 (2012).

21

Pfreundschuh M, Kuhnt E, Trumper L et al. CHOP-like
chemotherapy with or without rituximab in young patients
with good-prognosis diffuse large-B-cell lymphoma: 6-year
results of an open-label randomised study of the MabThera
International Trial (MInT) Group. Lancet Oncol. 12(11),
1013–1022 (2011).

22

Griffin MM, Morley N. Rituximab in the treatment of nonHodgkin’s lymphoma – a critical evaluation of randomized
controlled trials. Expert Opin. Biol. Ther. 13(5), 803–811
(2013).

23

Edwards JC, Cambridge G, Abrahams VM. Do selfperpetuating B lymphocytes drive human autoimmune
disease? Immunology 97(2), 188–196 (1999).

24

Edwards JC, Szczepanski L, Szechinski J et al. Efficacy of
B-cell-targeted therapy with rituximab in patients with
rheumatoid arthritis. N. Engl. J. Med. 350(25), 2572–2581
(2004).

25

Looney RJ, Anolik JH, Campbell D et al. B cell depletion
as a novel treatment for systemic lupus erythematosus:
a Phase I/II dose-escalation trial of rituximab. Arthritis
Rheum. 50(8), 2580–2589 (2004).

Int. J. Clin. Rheumatol. (2014) 9(3)

26

Cambridge G, Leandro MJ, Edwards JC et al. Serologic
changes following B lymphocyte depletion therapy for
rheumatoid arthritis. Arthritis Rheum. 48(8), 2146–2154
(2003).

27

Cambridge G, Leandro MJ, Teodorescu M et al. B cell
depletion therapy in systemic lupus erythematosus: effect on
autoantibody and antimicrobial antibody profiles. Arthritis
Rheum. 54(11), 3612–3622 (2006).

28

Leandro MJ, Cambridge G, Edwards JC, Ehrenstein MR,
Isenberg DA. B-cell depletion in the treatment of patients
with systemic lupus erythematosus: a longitudinal analysis
of 24 patients. Rheumatology (Oxford) 44(12), 1542–1545
(2005).

29

Leandro MJ, Cooper N, Cambridge G, Ehrenstein MR,
Edwards JC. Bone marrow B-lineage cells in patients
with rheumatoid arthritis following rituximab therapy.
Rheumatology (Oxf.) 46(1), 29–36 (2007).

30

Albert D, Dunham J, Khan S et al. Variability in the
biological response to anti-CD20 B cell depletion in systemic
lupus erythaematosus. Ann. Rheum. Dis. 67(12), 1724–1731
(2008).

31

Reddy V, Leandro MJ, Isenberg DA. Rituximab therapy
results in variable degrees and duration of B cell depletion
in SLE: a key explanation for the variable clinical
response? Ann. Rheum. Dis. 70(Suppl. 3), 323 (2011).

32

Edwards JC, Cambridge G. Sustained improvement in
rheumatoid arthritis following a protocol designed to deplete
B lymphocytes. Rheumatology (Oxf.) 40(2), 205–211 (2001).

33

Leandro MJ, Edwards JC, Cambridge G. Clinical outcome
in 22 patients with rheumatoid arthritis treated with B
lymphocyte depletion. Ann. Rheum. Dis. 61(10), 883–888
(2002).

34

Thurlings RM, Teng O, Vos K et al. Clinical response,
pharmacokinetics, development of human anti-chimaeric
antibodies, and synovial tissue response to rituximab
treatment in patients with rheumatoid arthritis. Ann. Rheum.
Dis. 69(2), 409–412 (2010).

35

Teng YK, Levarht EW, Hashemi M et al.
Immunohistochemical analysis as a means to predict
responsiveness to rituximab treatment. Arthritis
Rheum. 56(12), 3909–3918 (2007).

36

Teng YK, Levarht EW, Toes RE, Huizinga TW, Van Laar
JM. Residual inflammation after rituximab treatment is
associated with sustained synovial plasma cell infiltration
and enhanced B cell repopulation. Ann. Rheum. Dis. 68(6),
1011–1016 (2009).

37

Walsh CA, Fearon U, Fitzgerald O, Veale DJ, Bresnihan
B. Decreased CD20 expression in rheumatoid arthritis
synovium following 8 weeks of rituximab therapy. Clin. Exp.
Rheumatol. 26(4), 656–658 (2008).

38

Thaunat O, Patey N, Gautreau C et al. B cell survival in
intragraft tertiary lymphoid organs after rituximab therapy.
Transplantation 85(11), 1648–1653 (2008).

39

Quartuccio L, Fabris M, Moretti M et al. Resistance
to rituximab therapy and local BAFF overexpression in
Sjogren’s syndrome-related myoepithelial sialadenitis and
low-grade parotid B-cell lymphoma. Open Rheumatol. J. 2,
38–43 (2008).

future science group

Variability in clinical & biological response to rituximab in autoimmune diseases

40

Leandro MJ, Edwards JC, Cambridge G, Ehrenstein MR,
Isenberg DA. An open study of B lymphocyte depletion
in systemic lupus erythematosus. Arthritis Rheum. 46(10),
2673–2677 (2002).

41

Lu TY, Ng KP, Cambridge G et al. A retrospective seven-year
analysis of the use of B cell depletion therapy in systemic
lupus erythematosus at University College London Hospital:
the first fifty patients. Arthritis Rheum. 61(4), 482–487
(2009).

42

43

44

45

46

47

48

relationships among serum B lymphocyte stimulator levels,
autoantibody profile and clinical response. Ann. Rheum.
Dis. 67(7), 1011–1016 (2008).
54

Tew GW, Rabbee N, Wolslegel K et al. Baseline autoantibody
profiles predict normalization of complement and antidsDNA autoantibody levels following rituximab treatment in
systemic lupus erythematosus. Lupus 19(2), 146–157 (2010).

55

Merrill JT, Neuwelt CM, Wallace DJ et al. Efficacy and
safety of rituximab in moderately-to-severely active systemic
lupus erythematosus: the randomized, double-blind,
Phase II/III systemic lupus erythematosus evaluation of
rituximab trial. Arthritis Rheum. 62(1), 222–233 (2010).

Reddy V, Croca S, Gerona D et al. Serum rituximab levels
and efficiency of B-cell depletion: differences between
patients with systemic lupus erythematosus and rheumatoid
arthritis. Ann. Rheum. Dis. 71(Suppl. 3), 532 (2012).

56

Ng KP, Cambridge G, Leandro MJ, Edwards JC, Ehrenstein
M, Isenberg DA. B cell depletion therapy in systemic lupus
erythematosus: long-term follow-up and predictors of
response. Ann. Rheum. Dis. 66(9), 1259–1262 (2007).

Breedveld F, Agarwal S, Yin M et al. Rituximab
pharmacokinetics in patients with rheumatoid arthritis:
B-cell levels do not correlate with clinical response. J. Clin.
Pharmacol. 47(9), 1119–1128 (2007).

57

Leandro MJ, Cambridge G, Ehrenstein MR, Edwards JC.
Reconstitution of peripheral blood B cells after depletion
with rituximab in patients with rheumatoid arthritis.
Arthritis Rheum. 54(2), 613–620 (2006).

Ng CM, Bruno R, Combs D, Davies B. Population
pharmacokinetics of rituximab (anti-CD20 monoclonal
antibody) in rheumatoid arthritis patients during a Phase II
clinical trial. J. Clin. Pharmacol. 45(7), 792–801 (2005).

58

Smith KG, Jones RB, Burns SM, Jayne DR. Long-term
comparison of rituximab treatment for refractory systemic
lupus erythematosus and vasculitis: Remission, relapse, and
re-treatment. Arthritis Rheum. 54(9), 2970–2982 (2006).

Levy J, Barnett EV, Macdonald NS, Klinenberg JR.
Altered immunoglobulin metabolism in systemic lupus
erythematosus and rheumatoid arthritis. The J. Clin.
Invest. 49(4), 708–715 (1970).

59

Nakou M, Katsikas G, Sidiropoulos P et al. Rituximab
therapy reduces activated B cells in both the peripheral blood
and bone marrow of patients with rheumatoid arthritis:
depletion of memory B cells correlates with clinical response.
Arthritis Res. Ther. 11(4), R131 (2009).

60

Ferraccioli G, Tolusso B, Bobbio-Pallavicini F et al.
Biomarkers of good EULAR response to the B cell depletion
therapy in all seropositive rheumatoid arthritis patients: clues
for the pathogenesis. PloS ONE 7(7), e40362 (2012).

61

Kastbom A, Coster L, Arlestig L et al. Influence of FCGR3A
genotype on the therapeutic response to rituximab in
rheumatoid arthritis: an observational cohort study. BMJ
Open 2(5, e001524 (2012).

62

Taylor PC, Quattrocchi E, Mallett S, Kurrasch R,
Petersen J, Chang DJ. Ofatumumab, a fully human
anti-CD20 monoclonal antibody, in biological-naive,
rheumatoid arthritis patients with an inadequate response
to methotrexate: a randomised, double-blind, placebocontrolled clinical trial. Ann. Rheum. Dis. 70(12), 2119–2125
(2011).

Rovin BH, Furie R, Latinis K et al. Efficacy and safety of
rituximab in patients with active proliferative lupus nephritis:
the Lupus Nephritis Assessment with rituximab study.
Arthritis Rheum. 64(4), 1215–1226 (2012).
Dass S, Rawstron AC, Vital EM, Henshaw K, McGonagle
D, Emery P. Highly sensitive B cell analysis predicts response
to rituximab therapy in rheumatoid arthritis. Arthritis
Rheum. 58(10), 2993–2999 (2008).
Roll P, Palanichamy A, Kneitz C, Dorner T, Tony HP.
Regeneration of B cell subsets after transient B cell depletion
using anti-CD20 antibodies in rheumatoid arthritis. Arthritis
Rheum. 54(8), 2377–2386 (2006).

49

Roll P, Dorner T, Tony HP. Anti-CD20 therapy in patients
with rheumatoid arthritis: predictors of response and B
cell subset regeneration after repeated treatment. Arthritis
Rheum. 58(6), 1566–1575 (2008).

50

Anolik J. Immunologic reconstitution after rituximab
in systemic lupus erythematosus: why should we care?
J. Rheumatol. 38(4), 587–589 (2011).

63

Lazarus MN, Turner-Stokes T, Chavele KM, Isenberg DA,
Ehrenstein MR. B-cell numbers and phenotype at clinical
relapse following rituximab therapy differ in SLE patients
according to anti-dsDNA antibody levels. Rheumatology
(Oxf.) 51(7), 1208–1215 (2012).

Anolik JH, Campbell D, Felgar RE et al. The relationship
of FcgammaRIIIa genotype to degree of B cell depletion by
rituximab in the treatment of systemic lupus erythematosus.
Arthritis Rheum. 48(2), 455–459 (2003).

64

Raterman HG, Vosslamber S, De Ridder S et al. The
interferon type I signature towards prediction of nonresponse to rituximab in rheumatoid arthritis patients.
Arthritis Res. Ther. 14(2), R95 (2012).

65

Fabris M, Quartuccio L, Vital E et al. The TTTT BLyS
promoter haplotype associates with good response to
rituximab therapy in seropositive rheumatoid arthritis
resistant to TNF blockers. Arthritis Rheum. 65(1), 88–97
(2012).

66

Owczarczyk K, Lal P, Abbas AR et al. A plasmablast
biomarker for nonresponse to antibody therapy to CD20

51

52

53

Cohen SB, Emery P, Greenwald MW et al. Rituximab
for rheumatoid arthritis refractory to anti-tumor necrosis
factor therapy: Results of a multicenter, randomized,
double-blind, placebo-controlled, Phase III trial evaluating
primary efficacy and safety at twenty-four weeks. Arthritis
Rheum. 54(9), 2793–2806 (2006).
Cambridge G, Isenberg DA, Edwards JC et al. B cell
depletion therapy in systemic lupus erythematosus:

future science group

Review

www.futuremedicine.com

291

Review

Reddy & Leandro

clinical outcome after rituximab treatment in follicular nonHodgkin lymphoma. Blood 98(5), 1352–1357 (2001).

in rheumatoid arthritis. Sci. Transl. Med. 3(101), 101RA92
(2011).
67

Ahuja A, Shupe J, Dunn R, Kashgarian M, Kehry MR,
Shlomchik MJ. Depletion of B cells in murine lupus:
efficacy and resistance. J. Immunol. 179(5), 3351–3361
(2007).

68

Ahuja A, Teichmann LL, Wang H, Dunn R, Kehry MR,
Shlomchik MJ. An acquired defect in IgG-dependent
phagocytosis explains the impairment in antibody-mediated
cellular depletion in lupus. J. Immunol. 187(7), 3888–3894
(2011).

69

Gong Q, Ou Q, Ye S et al. Importance of cellular
microenvironment and circulatory dynamics in B cell
immunotherapy. J. Immunol. 174(2), 817–826 (2005).

70

Reddy V, Cambridge G, Isenberg D, Cragg M, Leandro M.
Use of an in vitro whole blood depletion assay to compare the
efficacy of B cell depleting agents in patients with systemic
lupus erythematosus. Ann. Rheum. Dis. 72(Suppl. 3), 162
(2013).

Jones JD, Shyu I, Newkirk MM, Rigby WF. A rheumatoid
factor paradox: inhibition of rituximab effector function.
Arthritis Res. Ther. 15(1), R20 (2013).

82

Alas S, Bonavida B. Rituximab inactivates signal transducer
and activation of transcription 3 (STAT3) activity in B-nonHodgkin’s lymphoma through inhibition of the interleukin
10 autocrine/paracrine loop and results in down-regulation
of Bcl-2 and sensitization to cytotoxic drugs. Cancer
Res. 61(13), 5137–5144 (2001).

83

Vega MI, Huerta-Yepaz S, Garban H, Jazirehi A,
Emmanouilides C, Bonavida B. Rituximab inhibits
p38 MAPK activity in 2F7 B NHL and decreases IL-10
transcription: pivotal role of p38 MAPK in drug resistance.
Oncogene 23(20), 3530–3540 (2004).

84

Alas S, Emmanouilides C, Bonavida B. Inhibition of
interleukin 10 by rituximab results in down-regulation
of bcl-2 and sensitization of B-cell non-Hodgkin’s
lymphoma to apoptosis. Clin. Cancer Res. 7(3), 709–723
(2001).

71

Glennie MJ, French RR, Cragg MS, Taylor RP. Mechanisms
of killing by anti-CD20 monoclonal antibodies. Mol.
Immunol. 44(16), 3823–3837 (2007).

85

72

Almasri NM, Duque RE, Iturraspe J, Everett E, Braylan
RC. Reduced expression of CD20 antigen as a characteristic
marker for chronic lymphocytic leukemia. Am. J.
Hematol. 40(4), 259–263 (1992).

Cartron G, Dacheux L, Salles G et al. Therapeutic activity
of humanized anti-CD20 monoclonal antibody and
polymorphism in IgG Fc receptor FcgammaRIIIa gene.
Blood 99(3), 754–758 (2002).

86

Weng WK, Levy R. Two immunoglobulin G fragment C
receptor polymorphisms independently predict response
to rituximab in patients with follicular lymphoma. J. Clin.
Oncol. 21(21), 3940–3947 (2003).

87

Farag SS, Flinn IW, Modali R, Lehman TA, Young D, Byrd
JC. Fc gamma RIIIa and Fc gamma RIIa polymorphisms
do not predict response to rituximab in B-cell chronic
lymphocytic leukemia. Blood 103(4), 1472–1474 (2004).

73

Huh YO, Keating MJ, Saffer HL, Jilani I, Lerner S, Albitar
M. Higher levels of surface CD20 expression on circulating
lymphocytes compared with bone marrow and lymph
nodes in B-cell chronic lymphocytic leukemia. Am. J. Clin.
Pathol. 116(3), 437–443 (2001).

74

Jilani I, O’Brien S, Manshuri T et al. Transient downmodulation of CD20 by rituximab in patients with chronic
lymphocytic leukemia. Blood 102(10), 3514–3520 (2003).

88

75

Manshouri T, Do KA, Wang X et al. Circulating CD20 is
detectable in the plasma of patients with chronic lymphocytic
leukemia and is of prognostic significance. Blood 101(7),
2507–2513 (2003).

Lim SH, Vaughan AT, Ashton-Key M et al. Fc gamma
receptor IIb on target B cells promotes rituximab
internalization and reduces clinical efficacy. Blood 118(9),
2530–2540 (2011).

89

76

Byrd JC, Smith L, Hackbarth ML et al. Interphase
cytogenetic abnormalities in chronic lymphocytic leukemia
may predict response to rituximab. Cancer Res. 63(1), 36–38
(2003).

Weng WK, Levy R. Genetic polymorphism of the inhibitory
IgG Fc receptor FcgammaRIIb is not associated with clinical
outcome in patients with follicular lymphoma treated with
rituximab. Leuk. Lymphoma 50(5), 723–727 (2009).

90

Davis TA, Czerwinski DK, Levy R. Therapy of B-cell
lymphoma with anti-CD20 antibodies can result in the loss
of CD20 antigen expression. Clin. Cancer Res. 5(3), 611–615
(1999).

Chern Siang Lee, Margaret Ashton-Key, Sergio Cogliatti .
Expression of inhibitory Fc receptor (FcγRIIB) is a marker
of poor response to rituximab monotherapy in follicular
lymphoma. Lancet 381(27), S63 (2013).

91

Sarsour K, Greenberg J, Johnston JA et al. The role of the
FcGRIIIa polymorphism in modifying the association
between treatment and outcome in patients with rheumatoid
arthritis treated with rituximab versus TNF-alpha
antagonist therapies. Clin. Exp. Rheumatol. 31(2), 189–194
(2013).

92

Williams ME, Densmore JJ, Pawluczkowycz AW et al.
Thrice-weekly low-dose rituximab decreases CD20 loss
via shaving and promotes enhanced targeting in chronic
lymphocytic leukemia. J. Immunol. 177(10), 7435–7443
(2006).

93

Aue G, Lindorfer MA, Beum PV et al. Fractionated
subcutaneous rituximab is well-tolerated and preserves

77

292

81

78

Golay J, Lazzari M, Facchinetti V et al. CD20 levels
determine the in vitro susceptibility to rituximab and
complement of B-cell chronic lymphocytic leukemia: further
regulation by CD55 and CD59. Blood 98(12), 3383–3389
(2001).

79

Beers SA, Chan CH, James S et al. Type II (tositumomab)
anti-CD20 monoclonal antibody out performs type I
(rituximab-like) reagents in B-cell depletion regardless of
complement activation. Blood 112(10), 4170–4177 (2008).

80

Weng WK, Levy R. Expression of complement inhibitors
CD46, CD55, and CD59 on tumor cells does not predict

Int. J. Clin. Rheumatol. (2014) 9(3)

future science group

Variability in clinical & biological response to rituximab in autoimmune diseases

CD20 expression on tumor cells in patients with chronic
lymphocytic leukemia. Haematologica 95(2), 329–332
(2010).
94

Xu D, Staedman A, Zhang L. CD20 antibody primes
B lymphocytes for type I interferon production.
PloS ONE 8(6), e67900 (2013).

95

Winiarska M, Bil J, Wilczek E et al. Statins impair antitumor
effects of rituximab by inducing conformational changes of
CD20. PLoS Med. 5(3), e64 (2008).

96

Arts EE, Jansen TL, Den Broeder A et al. Statins inhibit the
antirheumatic effects of rituximab in rheumatoid arthritis:
results from the Dutch Rheumatoid Arthritis Monitoring

future science group

Review

(DREAM) registry. Ann. Rheum. Dis. 70(5), 877–878
(2011).
97

Das S, Fernandez Matilla M, Dass S et al. Statins do
not influence clinical response and B cell depletion after
rituximab treatment in rheumatoid arthritis. Ann. Rheum.
Dis. 72(3), 463–464 (2013).

98

Teeling JL, French RR, Cragg MS et al. Characterization
of new human CD20 monoclonal antibodies with potent
cytolytic activity against non-Hodgkin lymphomas.
Blood 104(6), 1793–1800 (2004).

www.futuremedicine.com

293

