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Abstract: Anti-CD20 monoclonal antibody rituximab is an approved adjuvant treatment, in combination with oral corticosteroids, 
for patients with pemphigus vulgaris, a severe and potentially life-threatening autoimmune blistering skin disorder. Updated 
approaches to the management of pemphigus vulgaris support rituximab as a first-line adjuvant treatment to induce remission early 
in the course of disease; however, its feasibility in the clinical setting is often reduced by a series of limitations, including high cost of 
this biological drug, physician and patient concern for the risk of adverse reactions, and uncertainty regarding the optimum dosing and 
schedule of administration. The standard approved rituximab dosages, which are derived from lymphoma protocols, have been 
recognized to exceed the effective dose required for inducing B cell depletion, since the B cell burden in pemphigus vulgaris is much 
lower than in lymphoproliferative disorders. To overcome these limitations, recent research has investigated alternative regimens of 
rituximab, using lower doses of the drug. Moreover, differences in patient and disease characteristics that are highlighted in the 
literature strongly suggest that therapy should be tailored individually on a case-by-case basis: personalized treatment schedules may 
be necessary to optimize response to treatment and tolerability in different subjects, with the possibility of repeated infusions for 
severe forms and in case of relapse. Finally, low-dose regimens of rituximab were suggested to be favorable during the COVID-19 
pandemic by providing a lesser degree of immune cell depletion while retaining a sufficient response. In conclusion, the current 
literature suggests that lower-dose regimens of rituximab are not only tolerable and cost-effective but may also be associated with 
a positive response in pemphigus vulgaris, comparable to that achieved with higher doses especially in early disease. Further evidence 
from rigorous clinical trials will be required to optimize lower-dose regimens of RTX and establish their position within the treatment 
scenario of pemphigus vulgaris. 
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Introduction
Rituximab (RTX) is an anti-CD20 monoclonal antibody, first approved by the Food and Drug Administration (FDA) in 
1997 for a non-Hodgkin lymphoma orphan indication. Its subsequent approval for other conditions provided a significant 
advancement in the management of several lymphoproliferative and immune-mediated diseases. This chimeric murine/ 
human antibody is produced in Chinese hamster ovary suspension cultures and is purified by affinity and ion-exchange 
chromatography, followed by inactivation of any containing viruses. Currently, the FDA has approved three RTX 
biosimilars, while patients throughout Europe have access to five RTX biosimilars: the development of biosimilars 
may improve patient access to RTX by lowering the cost of the drug.1–3

The aim of this article is to review current knowledge on RTX in the treatment of pemphigus vulgaris (PV). However, 
rather than extensively reporting results of published studies in this context – that have been covered in depth by recent 
reviews4 – the authors specifically focused on issues concerning patient selection and on the treatment protocols that may 
be associated to improved acceptability. The latter include first-line treatment with RTX – as “first adjunctive immuno-
suppressive agent” – and lower-dose regimens of the drug.
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Review
Pemphigus
Pemphigus refers to a group of autoimmune blistering dermatoses characterized by intraepidermal acantholysis and 
consequent formation of blisters and erosions due to circulating pathogenic autoantibodies. Target antigens are desmo-
somal transmembrane glycoproteins desmogleins 1 and 3, which are key contributors to interkeratinocyte adhesion. 
Pemphigus is recognized as a prototype of antibody-mediated autoimmunity; however, there is strong evidence support-
ing the role of abnormal T cell subpopulations in autoimmune bullous skin disorders. Specifically, Th2 cells and 
T follicular helper cells promote the survival of self-reactive B cells and their production of autoantibodies, while 
Th17 cells support the inflammatory response following skin damage. Moreover, an imbalance of regulatory T cells leads 
to the spontaneous activation of autoreactive CD4+ T cells, which further promotes autoantibody production.5,6

Different clinical subtypes of pemphigus with variable cutaneous and mucous involvement are recognized; these 
include PV, pemphigus foliaceus, IgA pemphigus, pemphigus herpetiformis, and paraneoplastic pemphigus. PV is the 
prevalent subtype in this group and features flaccid blisters on any area of the cutaneous surface, associated with painful 
mucous membrane erosions which can be the presenting sign of the disease.7,8

The epidemiology of PV is variable according to geographic and ethnical factors. The disease is most common in 
individuals of Ashkenazi ethnicity and in those of Mediterranean descent. Moreover, hereditary associations have been 
seldom reported in the literature and may be relevant to specific populations; the association with certain HLA haplotypes 
and alleles has been reported in Brazilian subjects with pemphigus9,10 and in family studies conducted in Brazil and in 
Italy.11,12 Such genetic associations hint at a possible genetic predisposition that may underlie susceptibility to PV and to 
other autoimmune disorders. In this regard, there is scant and preliminary evidence linking PV to autoimmune 
comorbidities; the most commonly reported in the literature are autoimmune thyroid diseases, rheumatoid arthritis, 
type 1 diabetes mellitus, Sjogren’s syndrome, systemic lupus erythematosus, inflammatory bowel diseases, and alopecia 
areata. These autoimmune disorders have been additionally observed with higher frequencies in first-degree relatives of 
patients with pemphigus compared to unrelated controls.8,13 Future studies are needed to elucidate whether these are 
sporadic associations or the expression of a predisposition to autoimmunity, which might potentially be relevant to the 
response to B cell depleting therapies in pemphigus.

Rituximab
RTX targets CD20, a 33–37 kDa transmembrane surface molecule belonging to the membrane-spanning 4-domain family 
A (MS4A) protein family. CD20 is expressed as homodimers or homo-tetramers by pre-B lymphocytes and 
B lymphocytes, but its expression is lost once these develop into plasma cells.14,15

Although its natural ligand still eludes detection and mice carrying a CD20 gene disruption display an almost normal 
B cell differentiation,16 the association of CD20 with B cell receptor (BCR) suggests a role in the BCR pathway; 
specifically, there is evidence of CD20 acting as a calcium channel during BCR signaling.17 CD20 is an intriguing 
molecule to target in lymphoproliferative and immune-mediated diseases. As a matter of fact, it is expressed on most of 
B cell malignancies, but not on pre-B hematopoietic stem cells and terminally differentiated plasma cells, which grants 
tumor specificity, B cell reconstitution after treatment, and maintenance of pre-existing plasmatic IgG levels. Moreover, 
CD20 does not seem to have a natural ligand, therefore RTX has no known endogenous binding competitors. Also, CD20 
is highly expressed by B lineage cells and is neither modulated nor shed from the cell surface after RTX binding.15,18 

Several mechanisms of action are described for RTX: complement-dependent cytotoxicity, consequent to C1q binding to 
RTX-opsonized B cells; antibody-dependent cell-mediated cytotoxicity, dependent on natural killer cell activation 
mediated by the interaction between the Fc portion of RTX with their FcγIIIa receptor; antibody-dependent cellular 
phagocytosis, consequent to monocytes binding to RTX-opsonized B cells through their Fcγ receptor; and direct 
induction of apoptosis, through the activation of the caspase cascade. Moreover, RTX indirectly downregulates auto-
reactive CD4+ Th cells by disrupting the antigen-presenting role of B lymphocytes.14,19,20 In autoimmune diseases like 
pemphigus, RTX depletes B cells and lymphoid resident memory B cells, with a consequent decrease of circulating 
pathogenic anti-desmoglein autoantibodies; however, RTX is thought to also modulate both humoral and acquired 
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immune function deeply in pemphigus. This hypothesis is supported by the duration of disease remission that is 
frequently longer than the time to B cell reconstitution in the peripheral blood. Patients with long-lasting remission 
display a high naïve/memory B cell ratio, with increased regulatory B cells and T cells; in contrast, patients with short- 
lasting remission display a low naïve/memory B cell ratio, with early reappearance of autoreactive CD4+ Th cells. 
Factors for predicting the duration of response are still not identified.21

Indications and Dosing of Rituximab
Currently, RTX is approved by the FDA for the treatment of CD20-positive non-Hodgkin’s lymphoma, chronic 
lymphocytic leukemia, rheumatoid arthritis, granulomatosis with polyangiitis, microscopic polyangiitis, and PV. 
Moreover, it has orphan designation for Rasmussen encephalitis and immune thrombocytopenic purpura, and has been 
substantially used off-label for other immune-mediated conditions, including neurologic, hematologic, dermatologic, 
oncologic, and autoimmune diseases.22 In 2018, RTX was approved by the FDA for the treatment of PV in adult patients 
with moderate-to-severe disease as a steroid-sparing immunosuppressant in adjunction to corticosteroids. However, there 
is still uncertainty regarding the optimal RTX regimen to adopt in PV. Originally, patients had been treated with the 
lymphoma protocol (4 weekly infusions of 375 mg/m2 RTX).23,24 Nowadays, the induction regimen recommended by 
European and American guidelines consists of 2 infusions of 1000 mg RTX at a 2-week interval with a tapering course of 
glucocorticoids. As for the maintenance regimen, European guidelines recommend infusions of 500 mg RTX at months 
12 and 18, and then every six months thereafter according to the clinical conditions of patients; American guidelines, 
instead, recommend infusions of 500 mg RTX at month 12 and then every six months thereafter according to the clinical 
conditions of patients.25,26

Lower-Dose Regimens of Rituximab
The optimal RTX regimen for PV has not been established yet. Dose-finding trials for RTX in PV and other non- 
malignant conditions are missing, and the standard protocols exceed the effective dose required for inducing B cell 
depletion according to pharmacological data provided by a 2018 study performed on healthy volunteers, the results of 
which are summarized in Table 1.27 Compared to lymphoproliferative disorders, the B cell burden is lower in 
autoimmune disease28,29 and specifically in PV,30 where short-lived plasma cells responsible for the production of 
pathogenic autoantibodies are continuously replenished. On this basis, a linear correlation between B cell depletion and 
therapeutic effect cannot be hypothesized, and clinical studies have been proposed to investigate the response to lower 
dosages of RTX in PV.31 A 2021 review collected published evidence on the use of low-dose RTX for the treatment of 
PV: nine studies were included, with RTX dosages varying between modified dose (3 × 375 mg/m2 or 3 × 500 mg), low 
dose (2 × 375 mg/m2 or 2 × 500 mg), and ultra-low dose (≤500 mg for a cycle, either single or multiple infusions).32–40 

The authors of the review suggested that low-dose and ultra-low-dose protocols should be used to induce the remission in 
patients with mild-to-moderate PV, with the possibility of repeated infusions for more severe forms.41 These data 
confirmed the results of a 2015 systematic review and meta-analysis, comparing different RTX regimens in the treatment 
of PV. The authors found no superiority of high-dose (near or ≥2000 mg/cycle) over low-dose protocols (<1500 mg/ 
cycle) in terms of complete remission, time to disease control and complete remission, and relapse rates; however, the 
high-dose RTX regimen was associated with longer maintenance of complete remission.42 Specifically, a study on 27 
subjects highlighted decreased time to complete remission and rate of relapse associated to high-dose RTX,32 while a trial 
on 22 subjects with PV reported no difference in complete remission and time to disease control.37 An additional study 

Table 1 Effect of Increasing Doses of Rituximab on B Cells

Dose of Rituximab Decrease of B Cells Time to Reconstitution of B Cells

0.1 mg/m2 68% 4 weeks

0.3 mg/m2 74% 4 weeks

1 mg/m2 97% 9 months
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involving 23 patients showed comparable clinical outcomes between high and low doses in severe PV.35 Finally, a pilot 
study by the authors of the present review enrolled 8 patients with PV (diagnosed according to suggestive clinical 
presentation and histology and confirmed by positive direct immunofluorescence) that received a single infusion of RTX 
200 mg: complete remission was achieved by 5 subjects and partial response by an additional 3. At the end of the follow- 
up period only one subject was off corticosteroid therapy and another patient had relapsed.40 High-quality randomized 
control trials and large-scale prospective studies are currently missing and needed to provide robust evidence supporting 
the efficacy of low and ultra-low RTX in PV. The severity of PV and the concomitant use of systemic steroids constitute 
predictable confounding factors that should be taken into account by future investigations. Moreover, low-dose RTX 
protocols have also been successfully adopted for several off-label indications.43 However, further studies are required to 
establish the optimal RTX regimen for immunobullous diseases like PV.

Patient Selection
PV is a prototypical antibody-mediated autoimmune disease owing to the clear definition of its major antigen and the 
extensive demonstration of the pathogenicity of circulating antigen-specific autoantibodies. Such level of understanding 
of the pathogenesis is rare in the field of autoimmunity and has supported the shift from broad immunosuppression to the 
introduction of pathogenesis-based approaches. Traditional treatment armamentarium for PV is based on systemic 
corticosteroids which are often combined with a steroid-sparing adjuvant. PV is a severe dermatological condition 
with potentially devastating consequences and requires high doses of systemic steroids, in the range of 1–1.5 mg/kg/d of 
prednisone. An adjuvant immunosuppressor is usually added to spare the dose of prednisone: azathioprine, mycophe-
nolate mofetil, and methotrexate are widely employed, while cyclophosphamide is generally considered as a further line 
owing to its high burden of toxicity.44–47 Although the use of these agents is common in the clinical practice and widely 
described in the literature, the lack of high-quality evidence derived from randomized controlled trials has prevented the 
formulation of univocal treatment recommendations for a standardized treatment approach.48 Moreover, standardization 
is still lacking when measuring disease severity, and systematic use of the Pemphigus Disease Area Index (PDAI) by 
clinicians needs to be further encouraged.

Subjects receiving high-dose corticosteroids and traditional immunosuppressive drugs, as well as those receiving 
biologic agents, need to be thoroughly screened for malignancies and current infections according to the comprehensive 
screening work-up proposed in the literature.49 Considering the potential risk of infections during immune-modulating 
treatments, it is generally recommended that patients receive available vaccinations, especially against respiratory tract 
infectious agents. Ideally, immunization should be administered prior to initiation of these regimens as certain live 
vaccines are contraindicated during iatrogenic immunosuppression.44 The issue of vaccination has highly concerned both 
patients and physicians during the COVID-19 pandemic, since efforts for mass immunization privileged fragile subjects 
with chronic immune-mediated conditions receiving immune modulators, especially in the first phases.

Within this established treatment scenario, interventions aimed at pathogenic autoantibodies or autoreactive immune 
cells are regarded as second-line options reserved for refractory cases or when high-dose corticosteroids are 
contraindicated.50 Apart from RTX, these interventions include high-dose intravenous autoantibodies, immunoadsorp-
tion, and other novel approaches that are outside the scope of this review.51 However, the development of pathogenesis- 
based approaches in PV led to challenge this sequential approach and to suggest a potential benefit from the early 
introduction of targeted approaches as first-line therapy. In the prospective, multicenter, parallel-group, open-label 
randomized RITUX3 trial, first-line use of RTX combined with short-term prednisone was assessed in patients with 
newly diagnosed pemphigus; early introduction of RTX resulted in greater efficacy and safety compared to prednisone 
alone.52 Specifically, the rationale for early introduction of RTX is derived by experimental evidence in vivo that B cell 
epitopes do not change during the course of PV as epitope spreading is an exceptional event53 and that autoreactive 
plasma cells in PV are short-lived.20 Further studies have highlighted, however, that clones of autoreactive B cells are 
able to persist over time and become responsible for clinical relapses that follow periods of remission.54 These long-lived 
plasma cells are thought to reside within the bone marrow or peripheral sites of inflammation and are being investigated 
as therapeutic targets in certain autoimmune disorders.55,56 It is at present speculative whether these could become 
potential targets for future treatments of PV. Though we do not advocate the measurement of anti-desmoglein 3 
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autoantibodies as a substitute for the clinical evidence of disease remission, its decline in the serum has been generally 
reported in parallel with clinical improvement, further supporting the notion that RTX abolishes disease-specific 
autoreactive plasma cells.20

While an updated approach to the management of PV may support RTX as a first-line adjuvant treatment,57 the 
optimum dosing and schedule of administration are still inconclusively defined. Moreover, personalized treatment 
schedules may be necessary to optimize response to treatment and tolerability in different subjects.

Acceptability of the Treatment Protocol
Response to both high and low doses of RTX has been documented by several studies in the literature (Table 2).31–40,58,59 

Compared to steroid-only therapy, regimens containing RTX achieve a three-fold higher chance of complete 
remission.52,60 However, rates of response after administration of different doses of RTX are not easily comparable 
considering potential confounders such as the extreme variability of the cumulative dosing of corticosteroids adminis-
tered. Standardized outcomes of clinical response are also lacking, but it must be noted that a significant difference in the 
quality of life, assessed through DLQI and Skindex scores, has been reported with different regimens of RTX compared 
to steroid-only treatment.37,52 Moreover, differences in patient and disease characteristics that are highlighted in the 
literature strongly suggest that therapy should be tailored individually on a case-by-case basis.41 Early treatment with 
RTX, that is a short duration of disease ≤6 months, has been associated with higher complete remission and also with 
shorter time to remission and longer duration of remission.61

In contrast, relapse of disease commonly occurs in PV subjects that previously received RTX, with reported 
frequencies up to 81% after a follow-up of 79 months.62 Relapse is reported following both high- and low-dose regimens 
of RTX, though certain studies showed that high-dose RTX may achieve longer duration of remission.42 While some 
studies report remission after a single cycle of RTX,21,63 other authors suggested repeated doses to consolidate 
remission.52 Moreover, the timing of additional doses of RTX is uncertain and may be affected by concurrent 
immunosuppressor use, which is heterogeneous among studies.21,64 However, the observation of relapse even after 
high doses of RTX hints at disease mechanisms, potentially involving persistent memory B cell clones, that are not 
susceptible to the action of the drug.

Different regimens of RTX might be preferred according to the severity of disease; however, inconsistent definitions 
of severity and response among studies make direct comparisons unfeasible and will require further investigation in the 
future.42,57 In this regard, there is growing evidence that early RTX may be the appropriate treatment for patients with 
moderate-to-severe PV: patients undergoing RTX as first-line therapy show a better response and tolerability if compared 
to patients receiving previous conventional adjuvant therapies.61,65,66 Finally, concerns on the safety of RTX may limit its 
utility in the clinical practice and its acceptability by patients. The adverse effects of RTX are potentially severe and life- 
threatening conditions which may occur early during infusion or at later times. Early reactions include flu-like symptoms 

Table 2 Low-Dose Rituximab Regimens for the Treatment of Pemphigus Vulgaris

Regimen and Dosage of 
Rituximab

Evidence Complete Response (%); 
Time to Control

Relapse (%); Time 
to Relapse

1 × 200 mg (ultra-low 

dose)40

CS 62.5%; 

7.5 weeks

12.5%; 

58 weeks

2 × 500 mg at a 2-week 

interval33,34,37–39

CS, RCT, RS 35–100%; 

12–51 weeks

4–40%; 

12–97 weeks

2 × 375 mg at a 1-week 
interval32,35

RS 42–69.2% 
15.2–61.9 weeks

23.1–67%; 
46–49.2 weeks

≥3 × 375 mg at 1-week 
interval32,35

RS 60–73% 
18.2–21.3 weeks

0–50%; 
61.6 weeks

Abbreviations: CS, case series; RCT, randomized controlled trial; RS, retrospective study.
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and cardiovascular effects that have been generally controlled by slowing the rate of infusion or by stopping it 
entirely.35,36 Moreover, hypersensitivity reactions have been reported in up to 25% of subjects requiring interruption 
of infusion, which in practice equals to administration of a low dose of RTX.34 Delayed complications of RTX are mainly 
related to the risk of infection, which is increased by the concurrent prednisone use in virtually all subjects.

Recently, the management of immune-mediated skin disorders has been revised in response to the threat of COVID- 
19. Current clinical practice guidelines support continuation of immunosuppressive therapies in patients with chronic 
diseases who require them, with the exception of high-dose glucocorticoids, which were associated with worse COVID- 
19 outcomes.67,68 A retrospective cohort study investigated whether patients undergoing immunosuppressive therapies 
for solid organ transplantations, cancers, or rheumatological disorders were at higher risk for mechanical ventilation or 
in-hospital death due to COVID-19 compared to non-immunosuppressed individuals. The authors found that only RTX 
negatively impacted COVID-19 outcomes.69 Therefore, low-dose regimens of RTX may prove favorable in this context 
by providing a lesser degree of immune cell depletion while retaining a sufficient response, especially in early 
disease.41

Overall, while a better safety profile may be theoretically achieved by low-dose RTX regimens, the literature suggests 
a similar tolerability of both high-dose and low-dose RTX.1,41

Conclusion
Further clinical studies with rigorous design are needed to characterize the efficacy and safety of a first-line ultra-low- 
dose RTX. Additionally, in vitro studies are required to investigate the cellular mechanisms underlying long-term 
remission in PV patients. An in-depth understanding of these mechanisms might enable us to overcome the current 
main limitation of treatments targeting B cells, which is the risk of relapse.51 PV is a prototypical disorder within the field 
of autoimmunity owing to the clear pathogenicity of serum autoantibodies produced by specific B cell clones, and as such 
the results of research in this disease may be similarly relevant for other autoimmune conditions in the skin or other 
organs that are still less defined. The notion that the B cell burden in PV is dramatically lower compared to that in 
lymphoproliferative disorders provides a theoretical justification for the use of an ultra-low dose of RTX in the treatment 
of PV.31 Moreover, a major concern from both the clinician’s and the patient’s perspective is immediate and delayed 
adverse reactions to RTX: while the former are generally managed or prevented by stopping the infusion which equals to 
administering a low dose, the latter may also benefit from a lower cumulative dose of RTX. The ultra-low dose of RTX is 
not only tolerable but has also been associated with a positive response of PV, comparable to that achieved with high 
doses, especially in early disease.

Finally, a significant limitation to the feasibility of the full-dose regimen of RTX in the clinical setting is the high cost 
of this biological drug: this may be overcome by ultra-low-dose protocols that could prove cost-effective in inducing 
remission and that may be readministered in case of relapse.
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