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Lights and Shadows of Rituximab- A review

ABSTRACT

Rituximab is a CD 20 monoclonal antibody drug used in various spectrum of diseases today.
It has proven to be a boon, especially in the field of dermatology. Although Rituximab was
initially introduced as a novel method to treat B-cell NHL, its use has rapidly expanded to
include a number of other Lymphomas and Autoimmune diseases.This review is to give a
bird’s eye view of updates on rituximab.
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1. INTRODUCTION
1.1 Journey of Discovery

Rituximab was a monoclonal antibody drug brought to market in 1996 and revolutionized the
field of therapeutics with monoclonal antibodies. The journey to the discovery and approval
of Rituximab has been long and slow. The seed of the idea to use monoclonal antibodies to
treat cancers occurred to Dr. César Milstein and Dr. Georges Kohler, two NCI funded
researchers. It occurred to them that cancer cells could be attacked in a targeted manner by
isolating proteins specific to those cells and producing antibodies that would selectively
eliminate target cells with those proteins. They called these “monoclonal antibodies” (1).
Monoclonal antibodies were first used in trials in 1980 on patients with Non-Hodgkin’s
Lymphoma. This won the two Researchers, the 1984 Nobel Prize in Physiology and
Medicine. (2)

The search began in earnest for a target protein that was specific to cancer cells and would
selectively eliminate cancer without causing much damage to healthy cells. In 1986,
Muromonab , the first monoclonal antibody was released which targeted OKT-3 or CDO0O3
proteins(2). It had a clinical use in treatment acute graft rejection of kidney transplant. But it
suffered from issues of target choice.

In 1988, CD20 was identified as a protein on B cells. In spite of both healthy and cancerous
cells having CD20, it was realised that immature cells would be spared which could
replenish the healthy cells(3). Efforts to create a monoclonal antibody to target this protein to
treat B cell ymphomas began.

Rituximab was created by Ronal Levy as a drug that could target B-cells. The
pharmaceutical company IDEC conducted the first clinical trials and was granted FDA




approval in 1997 and a US patent in 1998(4). After its release, a number of clinical trails
reinforced the efficacy of Rituximab in lymphomas (5). Currently it has been used in various
conditions which involve the pemphigus group of disorders and a number of other cutaneous
disorders which we have discussed below.

1.2 CD 20 as a Target

CD20 is a tetra-transmembrane protein found chiefly in B cell lineages.CD20 is a non-
glycosylated phosphoprotein which weights 33-37 kDa and belongs to the MS4 family(6). It
has two extracellular loops and an N and C terminal regions. The two loops (small and large
loops) are the standard target for therapeutics. The expression of CD20 begins at the pre-B
cell stage and is present till Plasma cell stage(7). The biological function of CD20 remains
largely unknown, though some research has shed light on its possible functions (8)

CD20 is thought to act as an ion channel for Calcium and regulates intake and storage of
calcium in the B-cells. The role that it plays in differentiation of B-cells is believed to be
mediated by calcium. Ectopic expression on fibroblast also lead to increased calcium
conductance (9). Mice who have had their CD20 knocked out, did not have any gross
retardation of growth and development (10). Various other potential functions have also
been studied such as effects on the growth cycle and tyrosine and other protein kinase
activation. New data suggests that CD20 could also be responsible for the organisation of
receptors on the B-cell surface. CRISP/Cas9 mediated ablation led to delocalisation of the
IgM antigens receptor and CD19 receptors. This led to activation of B cells transiently.
Rearrangement of receptors on a nano scale was also noted(11). This shows that CD20
may also have a significant role in membrane organisation of other receptors and general
mediator of B-cell activation as well.

2.Review Methodology|

The review article was done by exploiting numerous review articles, original articles and
related books from reputable databases, such as Web of Science, PubMed and Scopus. The
keywords explored during literature investigations consisted of combinations of the following
words: monoclonal antibodies, CD20, non-Hodgkin’s lymphoma (NHL)

2.1 Mechanism of Rituximab action.

Rituximab binds to CD20 receptors and facilitates cell death. It binds to CD20 forming a cap
which acts as an effective mediator for NK cell dependent cell death as well.

In vitro studies have shown that cell death can be triggered without the need for immune
based effectors. A Caspase dependent and Caspase independent pathway have been
elucidated. When Rituximab binds to CD20, lipid rafts are rearranged and alters the
localisation of CD20 (12) . This rearrangement is believed to lead to caspase dependent cell
death , thought the exact mechanism isn’t fully understood.(13). Caspase independent
pathways such as lysosome mediated cell death has been found in the absence of lipid raft
formation (14).

Rituximab opsonizes target B cells which are bound by the C1 complement. The Classical
complement cascade is activated leading to the formation of C5-9 Membrane Attack
Complexes that insert into the tumour cell and lead to cell death.(15) CDC completes with
ADCC in vitro which may compromise the therapeutic goals (16).
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Antibody dependent cell mediated cytotoxicity (ADCC) has proven to be a much more
effective mode of cell death than CDC. The monoclonal antibody binds to CD20 which
caused the binding of Fc region to FcRIIl on NK cell which triggers them to release perforin.
Perforin creates pore in the cell wall leading to cell death.Despite its effectiveness ADCC
remains hard to quantify in vitro.(17, 18)

2.2 PHARMACOKINETICS:
Rituximab is administered as intravenous infusion.Following the lymphoma protocol, it can
be detected in the serum of patients even after 6 months of completion of therapy. The half
life of median terminal elimination is 22 days. (20)

2.3/Spectrum of Clinical Use|

Food and Drug Administration approved for
- Non Hodgkin’s B Cell lymphoma
- Chronic lymphocytic leukemia
- Rheumatoid arthritis
- Pemphigus group of disorders (21)

2.3.1 Rituximab in Pemphigus

Heizmann et al, in 2001 reported a case of paraneoplastic pemphigus successfully treated
by rituximab which was used for the first time for an autoimmune bullous
disease.(20) Subsequent to this, many physicians used rituximab for treating various
immunobullous disorders.(21)

Children: Currently rituximab is not recommended for use in children due to limited
experience. However, there have been few authors who have used rituximab in childhood
pemphigus which showed no long term adverse affects.(22,23) It is therefore essential to
analyse the advantages of the drug with its potential for causing adverse effects in pediatric
age group.

Pregnancy and Lactation: Rituximab is a pregnancy category C drug, where it is not
recommended in pregnancy or lactation. (24)

Treatment Protocols
The various treatment protocols followed for administration of rituximab include:

1. Lymphoma protocol- Administration of intravenous Rituximab at a weekly
dose of 375mg/m  body surface area for four weeks. (25)

2. Rheumatoid arthritis protocol- Adminitration of two doses of rituximab 1000
mg at an interval of 15 days. This is the protocol currently followed in our
institute. Advantage of this protocol include less cost and fewer infusions.
(26)

3. Combination therapy- Rituximab has been used in combination with IVIg,
immunoadsorption and dexamethasone pulse therapy. (25)

4. Modified rheumatoid arthritis protocol- A study was done in 2020 where a
single treatment course ranging from 2 to 5 infusions of 1gm rituximab
during an interval of four weeks was considered safe in pemphigus
treatment. (26)
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Pre-medication and rituximab administration

Before starting an infusion, baseline investigations should be done which include screening
for tuberculosis, hepatitis B and C, HIV,Cardiopulmonary disease. A complete blood count,
liver function test, renal function test should be investigated.(25) Patient is pre-medicated 30
minutes prior to infusion, with intravenous (IV) hydrocortisone 100mg, along with intravenous
pheneramine maleate 22.75mg and oral paracetamol 500mg. 100ml of normal saline is
emptied and 1000mg of rituximab is added to th 400ml of normal saline. First infusion is
administered intravenously at a rate of 50mg/h, escalated every 30min by 50mg/h to a
maximum infusion rate of 400mg/h. The total time for the infusion is 5 to 6 hours.(25)

2.3.2 Rituximab in mucous membrane pemphigoid

Owing to its rarity, literature on the use of RTX in MMP is limited. Le Roux-Villet et al. [27] in
their study on 25 patients with severe refractory MMP have demonstrated RTX to be a
valuable therapeutic agent for MMP, administered according to the lymphoma protocol. In
the study, within 3 months of the first RTX cycle, complete response was seen for both
ocular and extraocular manifestations in 68% of patients. In 20% of patients, a second cycle
of RTX was required to obtain complete clinical remission. In 88% of patients who developed
complete clinical remission, 40% of patients relapsed within 4 months after completion of
treatment, thereby suggesting that the effects of RTX in MMP are short lived. [27]

2.3.3 Rituximab in dermatomyositis

RTX has been utilized in treating both adult and juvenile DM. In the study by Cooper et
al.,[28] with RTX on four children for recalcitrant juvenile DM, utilizing the standard
lymphoma protocol, three reported clinical improvement with the fourth patient
demonstrating progression of the disease. Of these, one patient who was positive for
anti-Mi-2 demonstrated a dramatic response to two cycles of RTX given at an interval of 1
year. Along with Rituximab, this patient also received weekly methotrexate. In adult
Dermatomyositis also, Rituximab has demonstrated good results. Levine [29] has expressed
that both muscle symptoms and cutaneous signs improve following Rituximab administration
according to the lymphoma protocol.

2.3.4 Rituximab in cutaneous lupus erythematosus

RTX has been introduced in those patients who are unresponsive or intolerant to standard
conventional treatment. It has been proven that CD20+ B cells play an important role in the
pathogenesis of SLE and SCLE. Apart from being an antigen presenter, B cells produce
autoantibodies and are responsible for secreting a number of inflammatory cytokines that
enhance inflammation. (33,34) As RTX plays an antagonistic role against these B cells, it
may be of value in these patients. There have been various reports describing the
successful use of RTX in CLE. Both lymphoma and rheumatoid arthritis protocols have been
utilized with equal efficacy.(33) Marks et al. [27] have utilized a modified protocol wherein 2
weekly infusions of 750 mg/m2 of RTX was administered with good results.



2.3.5 Rituximab in vasculitis

RTX has been utilized in treating ANCA-associated vasculitis (AAV).[54] The rationale
behind using RTX in AAV is secondary to findings that B cell-targeted therapy reduced
ANCA levels and in this way blocked disease pathogenesis.[55,56]

2.3.6 Rituximab in graft-versus-host disease

Teshima et al. [60] have utilized RTX according to the lymphoma protocol in seven patients
following hematopoietic stem cell transplantation. Following 1 year of treatment, partial
response was seen in three patients, three patients had stable disease, and in the remaining
one patient, the disease was progressive. It was, therefore, concluded that RTX is mainly
effective in those cases of steroid refractory graft-versus-host disease that is not advanced,
and if the manifestations involving the skin, eye, and fascia are severe, the role of RTX in
this scenario is minimal.

2.3.7 Rituximab in atopic dermatitis

Although T cells are the prime players in the pathogenesis of atopic dermatitis (AD), B cells
too have a role here. RTX administered according to the rheumatoid arthritis protocol has
demonstrated a significant improvement both clinically and histologically along with a slight
reduction in the level of IgE. These effects were evident within 1-2 months of initiating
treatment with RTX. [32]

2.3.8 Rituximab in melanoma

Schlaak et al. [34] have used intralesional injections of RTX along with low-dose systemic
dacarbazine therapy for melanoma. Long-lasting remission of tumor lesions was
demonstrated by RTX.

2.3.9 Rituximab in primary cutaneous B cell lymphoma

Only in aggressive forms of PCBCL does RTX have a role, which too at present is in the
evolving phase. RTX has been administered both intralesionally (10 mg/lesion)[35] and
systemically for PCBCL. In the systemic therapy, apart from the usual four doses at weekly
intervals, in a selected subset of patients, six doses of RTX had been administered in the
study by Valencak et al. [36] In their study, it was found that 87.5% of patients achieved
complete clinical resolution, making them postulate that a single-agent treatment with IV
RTX does result in a high rate of durable remissions and can be comparable to radiotherapy.
Similarly, the response seen with intralesional RTX has been satisfactory.

2.3.10 Diffuse large B cell lymphoma (DLBCL)



Diffuse large B cell lymphoma is the most common type of NHL constituting 40% of the
global cases. It constitutes 60-70% of B-cell ymphomas in Asia, with an incidence of 38% in
India. In western countries, DLBCL accounts for about 30-40% of all NHLs (20, 21). The
tumour is generally considered to be fairly malignant with poor prognosis. The initially of
Rituximab therapy in DLBCL has been extremely beneficial and has been shown to improve
the prognosis. In 2001, the first trial using Rituximab to treat untreated DLBCL was
published. It showed 94% response rate compared to historic CHOP controls (22). The first
Phase 3 trial was conducted in 2002 which established the superiority of R-CHOP over
CHOP regimen (23). Despite many further studies establishing the efficacy of R-CHOP in
DLBCL, no guidelines on dosage has been agreed upon (24,25). Meta-analysis shows that
Rituximab also improves Event free survival(EFS)and Progression Free Survival (PFS) of
the patients (26).

2.3.11 Burkitt Lymphoma

Burkitts lymphoma discovered by Dr.Denis Burkitt in Africa , was a Ebstein Barr Virus
associated lymphoma found in children. Extensive further research has shown many other
types, identifying genetic mutation of MYC and establishing it as an aggressive lymphoma. It
accounts for about 1-5% of adult Non Hodgkin Lymphoma (NHL). A mixture of
Cyclophosphamide , Methotrexat, Doxorubicin and Vincristine has been very effective in
curing the disease in paediatric age groups (27). Research regarding Rituximab use in
Burkitt lymphoma has shown that PFS and Overall Survival (OS) of the patients were
improved.3 year EFS was also improved, shown by another study (28). Meta-analysis has
shown that there is significant increase in overall survival with Rituximab (29).

2.3.12 Follicular Lymphoma

Follicular lymphoma is follicular centre B-cell malignancy. It is the second most common
lymphoma in adults in India. It accounts for 20% of cases in the west. Follicular Lymphoma
was the first cancer for which the FDA approved Rituximab (30). Phase2 trial showed 46%
response rate and established the safety of its use and showed clear efficacy (31). A study
to prove the effectiveness to R-CHOP to treat FL was phenomenally successful with a 95%
ORR and 55% Clinical remission (32).This has firmly established R-CHOP as the gold
standard in follicular lymphoma therapy.

2.3.13 Marginal Zone Lymphoma

Marginal zone lymphoma is an indolent lymphoma that accounts for 5-10% of NHL.
Rituximab is added to treatment regimens fir MZL but studies to prove the absolute efficacy
has been minimal. Systemic treatment includes Rituximab and combination of other drugs
like Bendamustine and Chlorambucil (33,34).

2.3.14 Mantle Cell Lymphoma



MCL accounts for 2-4% of all NHL. It has a aggressive course. Rituximab has been proven
efficacious as an maintenance therapy. R-CHOP has an PFS of 16-17 months which is
shorter than expected (35). Rituximab has also been used in combination with
Bendamustine, Cytarabine and Fludrabine to treat MCL (36).

2.3.15 Lymphocytic Lymphomas

Lymphocytic lymphomas are a rare type of tumour with a median survival of 5-10 years. The
most common LL is Waldentroms macroglobulinemia (37, 38). Many drugs are used
including Rituximab, Fludrabine, Cyclophosphamide etc. Rituximab causes a IgM flare and
cannot be used unless the IgM levels are below 4000mg/dL (39).MR regimane has shown to
improve the survival of these patients (40,41,42).

2.3.16 Autoimmune disease.

Rituximab as a treatment has now entered the domain of non malignant disease, specifically
autoimmune diseases such as rheumatoid arthritis (43), pemphigus (44), vasculitis and even
neuromyelitis optica (45).The mechanism in autoimmune disease is depletion of normal B-
cells and reduction of the adaptive immunity. FDA approval for use in Rheumatoid arthritis
was obtained in 2006. Meta-analysis show that Rituximab helps to give symptomatic relief
and can even be refractory in some cases. Remission occurs even in patients of Pemphigus,
Neuromyelitis optics, Pemphigoid and Myasthenia gravis. But Rituximab has been not been
found to be effective in Lupus (46).

3.Contraindications
* Hypersensitivity to the drug

» Hypersensitivity to murine proteins
* Severe heart failure

* HIV infection with CD4 count (47)

4.Adverse effects:

4.1. Cutaneous
» Frequent but not so serious: Night sweats, skin rash, urticaria, and pruritis.
» Serious side effects: Paraneoplastic pemphigus, toxic epidermal necrolysis, Stevens—

Johnson syndrome, vasculitis, lichenoid dermatitis, and delayed proinflammatory syndrome
which occurs at or near completion of a 4-week intense course of Rituximab.[49]



4.2 Noncutaneous

« Fatal infusion reactions usually in the first infusion

» Tumor lysis syndrome

* Hepatitis B reactivation with related fulminant hepatitis
« Cardiac arrhythmias

* Cytopenias

* Rarely, progressive multifocal leukoencephalopathy.

5. CONCLUSION:

The success of Rituximab has led to the creation of dozens of monoclonal
antibodies that have birthed a new field of medical therapeutics. Through this
review, we would like to tell and encourage our fellow colleagues to the use of
rituximab in dermatology. The use of Rituximab in a patient may lead to varied forms
of outcome, as some may respond well and show excellent improvement. There is
also a possibility of recurrence or sometimes, no improvement at all. With its
horizons expanding in dermatology, and with better information regarding its efficacy
and safety profile, Rituximab has now become an approved first-line therapy for
pemphigus. In conclusion, Rituximab has proven to be a substantial boon for
dermatologists in difficult to treat cases.
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