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Resistance to rituximab B-cell depletion therapy is a clinically pertinent adverse sequela that can
have significant implications for the treatment of immune-mediated glomerular diseases. The true
incidence of rituximab resistance remains unknown; however, it is an increasingly recognized
treatment complication. Resistance typically presents with suboptimal treatment response, rapid
B-cell reconstitution, and a relapsing disease course. Although the diverse mechanisms resulting in
rituximab resistance are ongoing topics of research, both primary and secondary mechanisms have
been identified as key catalysts.
The emergence of human antichimeric antibodies (HACAs) is a major cause of secondary

resistance to rituximab therapy and typically appears following repeated drug exposure. Frequently,
HACAs develop in the setting of underlying autoimmune disease and contribute to poor B-cell
depletion, reduced rituximab therapeutic efficacy, and enhanced drug clearance.
The clinical challenge of rituximab resistance necessitates heightened awareness among clinicians.
Screening for HACAs should be considered in individuals with poor clinical response to rituximab,
more rapid B-cell reconstitution, and relapsing disease. Detection of HACAs may guide treatment
alterations, including addition of further immunosuppressive therapy and transitioning to a hu-
manized B-cell depleting monoclonal antibody.
Crown Copyright © 2024 Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Autoimmune glomerular diseases are largely driven by
autoantibody formation, leading to damage by tar-
geting renal antigens or the formation of antigen-
antibody complexes.1 Resultantly, B-cell depletion
therapy with rituximab has been increasingly used in
the management of various immune-mediated
glomerular diseases, both newly diagnosed and re-
lapsing. This agent is a chimeric mouse-human
monoclonal antibody (mAb) consisting of a murine
variable region directed against the CD20 antigen on B
lymphocytes. It induces B-cell depletion through
various mechanisms, including Fc receptor γ-mediated
antibody-dependent cellular cytotoxicity (ADCC),
complement-mediated cell lysis, B-cell growth arrest,
and B-cell apoptosis.2

Despite the paucity of data concerning rituximab’s
influence on the management of autoimmune disease,
resistance to rituximab remains a pertinent adverse
clinical sequela. It is defined as a lack of response to
rituximab-containing regimens, in particular, disease
progression within 6 months of therapy.3 Determining
the true incidence of resistance remains challenging. In a
recent retrospective, multicenter study from France, rit-
uximab resistance was observed in 12% of participants
with antineutrophilic cytoplasmic antibody-associated
vasculitis 3 months after initiating rituximab induction
therapy.4 Clinical suspicion of rituximab resistance is
important in individuals with relapsing disease, subop-
timal treatment response, and rapid B-cell reconstitution.
It is more commonly observed in autoimmune diseases,
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such as systemic lupus erythematosus, membranous ne-
phropathy, and rheumatoid arthritis.5

This review focuses on the proposed mechanisms of
rituximab resistance, including the emergence of hu-
man antichimeric antibodies (HACAs) and treatment
strategies to combat the pleiotropic process.
MECHANISM OF RITUXIMAB RESISTANCE

The exploration of the multifaceted mechanisms
responsible for rituximab resistance remains a subject
of active investigation, with numerous primary and
secondary mechanisms proposed as pivotal contrib-
utors (Fig 1). Our understanding of the pathophysi-
ologic mechanisms underlying drug resistance has
primarily been derived from studies of hematologic
malignancies, although there is a notable scarcity of
scientific data in the context of managing autoim-
mune diseases.

Primary Rituximab Resistance

Primary rituximab resistance has been observed in
treatment-naı̈ve individuals. The cause is poorly un-
derstood; however, B-cell sequestration, expansion of
memory B-cell subsets, and disruption of B-cell devel-
opment and tolerance pathways may be contributory.
The balance of protective and pathogenic B-cell subsets
established following B-cell repopulation is also sig-
nificant.6 In addition, the underlying disease patho-
physiology is relevant to primary resistance, particularly
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Figure 1. Mechanisms of rituximab resistance. ADCC,
antibody-dependent cellular cytotoxicity; APC, antigen-
presenting cell; HACA, human antichimeric antibody.
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when antigen-presenting cells do not play a critical role
in pathogenesis. Moreover, the level of CD20 expres-
sion at baseline significantly influences the response to
treatment. Individuals with autoimmune disease have
been found to have a greater frequency of
CD19+CD20− B-cell population in peripheral blood
preceding rituximab initiation, which can contribute to
a suboptimal B-cell depletion.7

Rapid urinary loss of rituximab in heavy proteinuric
states is also likely to yield a suboptimal treatment
response. This has been illustrated in the Lupus
Nephritis Assessment With Rituximab study, where the
addition of rituximab to lupus nephritis induction
therapy did not influence remission rates.8 Secondary
analysis of the Lupus Nephritis Assessment With Rit-
uximab study displayed that heavier proteinuria at the
time of rituximab treatment was associated with lower
peak rituximab levels, incomplete peripheral B-cell
depletion, and lower odds of clinical response to
rituximab.9

Secondary Rituximab Resistance

Secondary rituximab resistance occurs with repeated
drug exposure. Here, the major effector pathways of
rituximab’s mechanism of action are involved.3 Such
pathways broadly include the downregulation of
CD20, complement depletion, and resistance to
complement-dependent cytotoxicity, ADCC, and
apoptosis.
2

The pathophysiologic mechanisms underlying sec-
ondary rituximab resistance have largely been examined
within the context of hematologic malignancies.
Treatment efficacy is known to correlate with CD20
levels, and in rituximab-resistant diseases, these levels
are reduced.10 Malignant cell lines resistant to rituximab
display an upregulation of complement inhibitory
proteins, leading to resistance to complement-
dependent cytotoxicity.11 Additionally, the clinical
response to rituximab relies heavily on ADCC, and
resistance to ADCC is a significant contributor to treat-
ment failure.12 In ADCC, peripheral blood natural killer
cells play a pivotal role. Their levels and function can be
altered by rituximab, thereby contributing to ADCC
resistance in diffuse large B-cell lymphoma.13 Further-
more, cells resistant to rituximab exhibit hyper-
activation of intracellular pathways, including p38
mitogen-activated protein kinase, nuclear factor κB,
extracellular signal-regulated kinases 1 and 2, and
protein kinase B pathways. This hyperactivation pro-
motes cell survival in the setting of B-cell lymphoma
and promotes rituximab evasion.14

Finally, the presence of antidrug antibodies is an
additional factor contributing to rituximab resistance,
particularly in the cases of autoimmune diseases.
These antibodies not only target the mAb binding
domain but can also modify drug pharmacokinetics
by forming immune complexes and enhancing mAb
metabolism.

Human Antichimeric Antibodies

The emergence of HACAs to the mouse-derived variable
region of rituximab is a recognized consequence of
rituximab therapy.15 These antibodies may contribute
to increased infusion reactions, poor B-cell depletion,
faster B-cell reconstitution, and reduced therapeutic
efficacy of rituximab by enhanced drug clearance.

Although the incidence of HACAs to rituximab re-
mains uncertain, these antibodies are more commonly
observed in the management of autoimmune diseases
compared with hematologic malignancies.5 This could
be associated with a highly activated B-lymphocyte
status and a tendency of developing antidrug antibodies
in the setting of underlying autoimmunity. The for-
mation of HACAs is notably high in systemic lupus
erythematosus, where polyclonal B-cell activation is
present.16 An incidence of 37.8% has been reported,
most commonly in the setting of lupus nephritis, a
more active disease and a high Systemic Lupus Erythe-
matosus Disease Activity Index 2000 score. Rituximab
HACAs have also been described in the treatment of
membranous nephropathy, with reports as high as
23%.17 Here, the HACAs have been drug-neutralizing
and associated with faster B-cell reconstitution and
higher relapse rates. However, these findings have not
been demonstrated in all glomerular diseases because
another study found no association between the
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development of HACAs and relapse in steroid-
dependent nephrotic syndrome.18

Enzyme-linked immunoassays can be used for the
quantitative assessment of serum rituximab and anti-
rituximab antibodies.19 Consideration should be given
to screening for HACAs in individuals experiencing
rituximab-resistant or relapsing disease, and serial moni-
toring may be advisable. The detection of HACAs does not
necessarily imply treatment failure because drug efficacy is
reliant upon the balance between the antibody titers and
serum free rituximab levels. Thus, a positive result merely
signifies a risk factor for treatment failure and could assist
in selecting patients who are likely to be unresponsive to
rituximab retreatment.20 It is important to note that im-
munoassays can solely detect free serum HACAs, and the
formation of immune complexes involving HACAs and
rituximab may lead to false-negative results. Therefore,
serum samples should be obtained immediately before
rituximab administration to increase the yield of antibody
detection. Unfortunately, however, testing for HACAs and
rituximab neutralization assays are not readily accessible,
even among resource-rich countries.

Management of Rituximab Resistance

There is little evidence on how to circumvent rituximab
resistance; however, a clinical approach to its diagnosis
and management can be adopted (Fig 2).

Numerous strategies may modify rituximab treatment
response and considerable interindividual variability is
observed. In the absence of HACAs, retreatment with
rituximab can be considered as a reasonable initial
strategy. Alterations of dose and reduction of treatment
intervals may have a role, especially in those with rapid
urinary drug loss. However, the optimal strategy remains
to be defined. Concomitant therapy with other
Figure 2. Clinical approach to diagnosis and management o
HACA, human antichimeric antibody; mAb, monoclonal antibod
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immunosuppressive agents, such as corticosteroids and
antimetabolites, may theoretically diminish the devel-
opment of HACAs, an observation noted with infliximab
mAb treatment.21 Premedication with intravenous hy-
drocortisone may also be of benefit.22

Most importantly, however, transition to alterna-
tive B-cell depleting agents may be required. The rate
of immunogenicity and cross-reactivity of rituximab
HACAs with other B-cell depleting agents is un-
known. Type II anti-CD20 molecules, such as obi-
nutuzumab, are directed against an alternative
epitope and cause B-cell depletion primarily by
apoptosis rather than complement-dependent cyto-
toxicity.23 The Fc fragment of the mAb is modified to
improve its binding affinity to FcγRIIIa, which in turn
dramatically increases ADCC potency compared with
rituximab.13 Furthermore, the humanized nature of
this mAb negates the risk of HACA development and
has proven effective in cases of rituximab refractory
membranous nephropathy.24 As such, humanized
anti-CD20 mAbs should be considered as alternative
treatment options in those with persistent rituximab
resistance. Lastly, therapies targeting CD19, such as
CD19-targeted chimeric antigen receptor–modified T
cells may provide an attractive substitute in some cases of
rituximab resistance, particularly in cases demonstrating
a greater frequency of CD19+CD20− B cells.25
CONCLUSION

Increased awareness of the immunogenic consequences
of rituximab administration is required among clini-
cians. Screening for HACAs should be considered in
individuals with high-risk autoimmune diseases, such
as systemic lupus erythematosus, and in those
f rituximab resistance. ELISA, enzyme-linked immunoassay;
y.
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demonstrating poor clinical response to therapy, more
rapid B-cell reconstitution, or relapsing disease. This is
particularly significant if future rituximab treatment is
to be considered. Detection of HACAs may assist in
directing disease treatment options, with consideration
of additional immunosuppressive therapy and alterna-
tive B-cell depleting agents.
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