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Abstract

Biologic therapies targeting B-cells are emerging as an effective strategy to treat a variety of immune-mediated diseases. One
of the most studied B-cell-targeted therapies is rituximab, an anti-CD20 monoclonal antibody that exemplifies B-cell deple-
tion therapy and has served as the prototype for other anti-CD20 monoclonal antibodies and the development of biosimilars.
While there are multiple studies on the use of rituximab in dermatology, a comprehensive review of rituximab therapy in
autoimmune skin conditions is lacking. In this literature review, we summarize indications, treatment efficacy, and safety of
rituximab among common autoimmune diseases of the skin: pemphigus vulgaris, cutaneous lupus erythematous, dermatomy-
ositis, systemic sclerosis, thyroid dermopathy, autoimmune pemphigoid diseases, and cutaneous vasculitis diseases. Existing
data on rituximab support the approach of rituximab, biosimilars, and newer B-cell-targeting therapies in immune-mediated
cutaneous diseases. Overall, rituximab, which targets CD20, provides an effective alternative or concomitant option to tra-
ditional immunosuppressants in the management of various autoimmune diseases of the skin. Further studies are necessary
to expand the understanding and possible utility of B-cell-targeted therapies among autoimmune skin diseases.

1 Introduction

B-cell-targeted therapy is an emerging effective treat- Autoimmune diseases affecting the skin can cause signifi-
ment for autoimmune skin diseases. cant morbidity, and the effects can be profoundly agonizing,
debilitating, and disfiguring. Effective treatment has histori-
cally been challenging due to diseases becoming refractory
to conventional therapies. The pathogenesis of many severe
cutaneous autoimmune diseases, such as blistering diseases,
lupus erythematous, dermatomyositis (DM), and rheumatoid
arthritis (RA), are multifactorial. These disorders have dys-
functions of both the innate and adaptive immune system,

Rituximab, a prototype anti-CD20 monoclonal antibody,
has shown favorable results in pemphigus vulgaris,
autoimmune pemphigoid diseases, cutaneous lupus
erythematosus, dermatomyositis, systemic sclerosis,
thyroid dermatopathy of Graves’ disease, and cutaneous
vasculitic diseases.

Rituximab is generally safe and well tolerated and can manifested by the production of autoantibodies. However,
effectively augment or replace conventional therapies for the etiologic basis of clinical symptoms among common
autoimmune skin diseases. autoimmune skin diseases remains poorly defined. Recent

success with rituximab, an anti-CD20 monoclonal antibody,
provides evidence that B cells contribute significantly in the
pathogenesis of several autoimmune skin disorders. The
marked clinical response and successful remission seen in

D< Henry K. Wong many patients after treatment with rituximab is often asso-
HKWong @uams.edu ciated with complete or almost complete B-cell depletion
Table 1) [1]. While there have been favorable responses to
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Table 1 Rituximab treatment in autoimmune diseases of the skin

Condition FDA status Evidence of benefit

Pemphigus vulgaris Approved Randomized controlled trials, prospective, and retrospective studies have
demonstrated benefit of RTX versus conventional therapy

Bullous pemphigoid and other blistering disorders ~ Off-label use ~ Retrospective studies and case reports/series have demonstrated benefit

Granulomatosis with polyangiitis and microscopic ~ Approved Randomized controlled trials, prospective, and retrospective studies have

polyangiitis demonstrated benefit of RTX versus conventional therapy

Cryoglobulinemia-associated vasculitis Off-label use ~ Randomized controlled trials, prospective, and retrospective studies have
demonstrated benefit

IgA vasculitis Off-label use  Limited prospective and case studies have demonstrated benefit

Dermatomyositis Off-label use  Prospective and retrospective studies have demonstrated benefit

Systemic sclerosis Off-label use ~ Randomized controlled trials, prospective, and retrospective studies have
demonstrated benefit

Cutaneous lupus erythematosus Off-label use ~ Randomized controlled trials, prospective, and retrospective studies have
demonstrated benefit

Thyroid dermopathy of Graves’ disease Off-label use ~ Limited case studies have demonstrated benefit

Ig immunoglobulin, RTX rituximab

provided new treatment options for patients with refractory
autoimmune skin disease. In this literature review, we sum-
marize indications, treatment efficacy, and the safety profile
of rituximab as the prototype for anti-CD20 monoclonal
antibody treatment in autoimmune skin diseases.

2 Rituximab: B-Cell-Targeted Therapy

B-cells are an essential component of the adaptive immune
system, and are continuously generated from the bone mar-
row, eliminated for autoreactivity, and matured into the cir-
culatory and lymphatic system to populate secondary lym-
phoid organs. Exposure of naive B cells to antigens initiates
B-cell activation, resulting in the formation of antibody-
producing, plasma, and memory B cells [1]. However, loss
of self-tolerance during normal B-cell development may
lead to immune-mediated diseases through the formation of
autoreactive antibodies or cytokines. B-cell dysregulation
may also lead to dysfunctional antigen-presenting cells or
uncontrolled clonal B-cell proliferation [2].

Controlling unwanted functions of autoreactive immu-
nity has been a goal of many traditional immunosuppres-
sive therapies, including corticosteroids and cytotoxic
drugs; however, these drugs are often associated with sig-
nificant adverse effects towards non-target organs. Over the
past decade, monoclonal antibody technology has allowed
for the development of therapeutic antibodies with high
specificity with reduced adverse effects compared with
traditional immunosuppressive drugs. The most studied
B-cell-targeted therapy in autoimmune diseases is rituximab
(Rituxan; Genentech, San Francisco, CA, USA). Rituximab
is a chimeric murine/human monoclonal antibody that tar-
gets CD20 transmembrane protein and induces depletion
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of B cells. Rituximab has been approved by the US FDA
for non-Hodgkin’s lymphoma, leukemia, RA unresponsive
to tumor necrosis alpha antagonists, granulomatosis with
polyangiitis (GPA), microscopic polyangiitis (MPA), and
moderate to severe pemphigus vulgaris (PV) [3]. Numerous
off-label reports have described the success of rituximab
in treating immune diseases in dermatology, rheumatology,
solid organ transplantation, nephrology, neuromuscular dis-
orders, and endocrinology [4]. The two most widely used
infusion protocols for rituximab in autoimmune diseases are
the lymphoma protocol (four weekly 375 mg/m? infusions)
or the RA protocol (two 1000 mg infusions separated by 2
weeks) [5]. The advantage of the lymphoma protocol over
the RA protocol is the flexibility to adjust dose using body
surface area (BSA), tailoring to patients of different sizes.
Furthermore, additional doses of rituximab administered as
maintenance therapy to treat disease relapse increase options
to control disease.

Existing research on rituximab has provided a founda-
tion for the understanding of other B-cell-targeted therapies.
Rituximab biosimilar drugs have been developed, includ-
ing rituximab-abbs (Truxima), rituximab-pvvr (Ruxience),
and rituximab-arrx (Riabni) [6-8]. Other types of B-cell-
directed monoclonal antibodies include obexelimab and
epratuzumab, which target CD19 and CD22, respectively.
Since the development of rituximab, newer anti-CD20 bio-
logics have emerged, such as ofatumumab and veltuzumab,
which are type II humanized anti-CD20 monoclonal anti-
bodies [9]. Other emerging B-cell-targeted biologics include
belimumab, which is currently the only approved biologic
agent for systemic lupus erythematosus (SLE). Belimumab
is a human immunoglobulin (Ig) G, monoclonal antibody
that inhibits B-cell-activating factor (BAFF), a cytokine
that promotes the survival of B cells, including autoreactive
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B cells) [10]. However, this review will focus on data from
rituximab.

3 Autoimmune Diseases of the Skin
3.1 Pemphigus Vulgaris

PV is a rare, potentially lethal, autoimmune bullous disease
characterized by the development of pruritic, flaccid blisters
and painful erosions of skin and mucous membranes. PV is
mediated by the production of IgG autoantibodies target-
ing desmogleins (Dsg) 1 and 3 of epidermal keratinocytes.
According to the Dsg compensation theory, pathogenic
autoantibodies to Dsgl cause cutaneous disease, while
anti-Dsg3 antibodies are responsible for mucosal dominant
disease; however, other factors including non-Dsg pathways
were also suggested to be involved [11, 12].

Standard first-line therapy for PV includes systemic corti-
costeroid monotherapy or in combination with rituximab or
conventional immunosuppressants, such as azathioprine and
mycophenolate mofetil [13]. Downregulation of both autore-
active B and T cells is thought to mediate response to rituxi-
mab in PV. Recent studies have demonstrated the involve-
ment of BAFF in the pathogenesis of PV and the response
to rituximab. A study of 50 patients with PV compared with
56 healthy controls revealed that the BAFF level was sig-
nificantly higher at baseline in PV patients than controls
(p = 0.0005), which is likely explained by overactivation
of B cells. After treatment with rituximab, there was a sig-
nificant increase in the BAFF level at months 3 (p = 0.033)
and 6 (p = 0.0134). The post-rituximab increase in BAFF
concentration may be reflected in a decrease in BAFF recep-
tor due to B-cell depletion [14]. A study investigating gene
expression and prognostic biomarkers for PV and rituxi-
mab reported a significant decrease in expressions of 1L.22,
IL9, EBI3, TNFSF13B, FCGR3A, CTLA4, and PDCDI1
in PV patients (n = 48) compared with controls (n = 32)
[p < 0.05]. The study also demonstrated that PDCD1, EBI3,
IL21, and IL22 were significantly overexpressed 3 months
post-rituximab (p < 0.05) [15].

Rituximab became the first FDA biologic agent approved
for moderate to severe PV. FDA approval was based on a
2017 prospective, multicenter, open-label, randomized con-
trolled trial of rituximab (two injections, 1 g on weeks 0 and
2, with maintenance 0.5 g rituximab infusions at months 12
and 18) in combination with low-dose prednisone versus
prednisone alone in patients with moderate and severe PV
(Ritux 3) [16]. Complete remission, defined as re-epitheli-
zation of the lesions and absence of new lesions without
the use of corticosteroids for over 2 months, was achieved
in 89.5% of patients compared with only 27.8% receiving
high-dose prednisone. For the rituximab group, the number

needed to treat was 1.82 patients (95% confidence inter-
val [CI] 1.39-2.60) and the relapse rate (24%) was lower
than the steroid-only group (45%). The cumulative dose of
prednisone in the rituximab group (6143.1 mg) was signifi-
cantly lower than the prednisone-alone group (17,973.6 mg)
[p < 0.0001]. In addition, the rituximab group had greater
improvements in the Dermatology Life Quality Index and
Skindex scores compared with the prednisone-alone group
(»p =0.0411 and p = 0.0137, respectively) [16].

Published in 2021, the PEMPHIX trial (NCT02383589)
was a randomized, controlled trial that compared rituximab
(n=62; 1000 mg on days 1, 15, 168, and 182) and mycophe-
nolate mofetil (n = 63; 2 g/day) in patients with moderate-to-
severe PV (both groups also received glucocorticoid in a 1:1
ratio). At week 52, sustained complete remission, defined as
the healing of lesions with no new active lesions for at least
16 weeks without glucocorticoid use, was observed more
frequently in the rituximab group (25/62) than the mycophe-
nolate mofetil group (6/63) [p < 0.001]. The rituximab group
reported six disease flares, while the mycophenolate mofetil
group had 44 flares (adjusted rate ratio 0.12; p < 0.001).
The mean change in the Dermatology Life Quality Index
score was also significantly greater in the rituximab group
(p =0.001). In addition, the mean cumulative glucocorticoid
dose was significantly lower in the rituximab group com-
pared with the mycophenolate mofetil group (3545 mg and
5140 mg, respectively; p < 0.001) [17].

The efficacy of rituximab in PV has also been demon-
strated in a number of case reports and retrospective studies
since 2002 [18]. The complete remission rate ranged from
47 to 89.5% and the relapse rate ranged from 18 to 52%
[19-25]. A systematic review of 114 publications and 1085
PV patients summarized general lessons from the litera-
ture: rituximab monotherapy is effective and well tolerated
in refractory PV; the majority of adult and juvenile patients
responded well; and relapse after 6—10 months can be treated
with additional rituximab infusions [19]. A randomized con-
trol trial (n = 22) and open series study (n = 15) demon-
strated that low-dose (500 mg) rituximab protocols lead to
adequate response [22, 26]. However, a greater decrease in
severity scores was associated with high-dose rituximab (1 g
every 2 weeks; n = 11) compared with the low-dose protocol
(500 mg every 2 weeks; n = 11) [p = 0.049] [26]. For treat-
ment-resistant PV, intralesional rituximab was also shown
to be beneficial, with no significant difference in effect com-
pared with intralesional triamcinolone, in a randomized
clinical trial of 21 patients (p > 0.05) [27]. A cohort study
of 112 patients demonstrated that patients who received the
lymphoma dosing (n = 75) were 2.70-fold more likely to
achieve complete remission off-treatment compared with
patients with RA dosing (n = 37) [p = 0.04]. The study also
indicated that young age and a BMI over 35 were negative
prognostic factors for achieving remission after rituximab
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[28]. In addition, relapse in 8/11 patients after 6 months
suggests early maintenance infusions (at month 6) may be
more beneficial than at 12 months [16]. Further studies are
needed to optimize infusion protocols.

Newer biologics for B-cell depletion may provide even
higher efficacy and convenience in treating PV [29]. Suc-
cessful treatment of ofatumumab, a type Il humanized anti-
CD20 monoclonal antibody, was reported in a few patients
with refractory PV who could not tolerate rituximab [30,
31]. However, the phase III clinical trial of ofatumumab
in patients with PV (NCT01920477) was terminated for
non-safety reasons [32]. Veltuzumab (a second-generation
humanized anti-CD20 antibody) can be administered subcu-
taneously, potentially providing greater treatment conveni-
ence than parenteral rituximab, which requires pharmacy
preparation and delivery at infusion sites. A case of refrac-
tory PV treated with veltuzumab (two subcutaneous doses
of 320 mg [188 mg/m?] 2 weeks apart) resulted in complete
response, with relapse 2 years after treatment [33]. A case
of PV was treated with four cycles of belimumab and led to
markedly decreased Pemphigus Disease Area Index score
and autoantibody level [34]. Further studies of belimumab
independently and in combination with rituximab are nec-
essary to understand the role of BAFF and B cells in the
pathogenesis and treatment of PV.

Overall, B-cell-targeted therapy exemplified by rituximab
has revolutionized PV treatment with the reduction of glu-
cocorticoid use and its associated adverse effects (Table 2).
Future developments in the biologic drugs for B-cell-tar-
geted therapy and optimization of rituximab protocols may
further improve PV treatment success.

3.2 Autoimmune Pemphigoid Diseases

The group of autoimmune pemphigoid diseases (APDs)
includes bullous pemphigoid (BP), mucous membrane
pemphigoid (MMP), linear IgA and IgA/IgG bullous
dermatosis (LABD and LAGBD, respectively), pemphigoid
gestationis (PG), and a group of sublamina densa blistering
diseases featuring epidermolysis bullosa acquisita (EBA),
bullous SLE, and anti-p200 pemphigoid. Presence of
pathogenic autoantibodies and the level of such antibodies
identify clinical presentation and disease activity for the
pemphigoid diseases [35, 36]. Disruption of the basement
membrane zone (BMZ) components by autoantibodies
causes subepidermal separation, leading to formation of
tense blisters and vesicles [37]. Therapy for APD includes
topical and systemic steroids as well as steroid-sparing
therapy such as intravenous immunoglobulin (IVIG),
azathioprine, mycophenolate mofetil, cyclophosphamide,
and methotrexate. Patients with IgA antibody-dominant
diseases (LABD, LAGBD) and MMP benefit from dapsone
therapy [38]. While rituximab is considered a first-line
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option for PV, rituximab is not considered standard therapy
for BP and other APDs.

3.2.1 Bullous Pemphigoid

BP is characterized by autoantibodies targeting the BP180
antigen (type XVII collagen) and less commonly BP230.
Typically, IgG1 and IgG4 anti-BP180 autoantibodies are
predominant and correlate with disease severity or dura-
tion, however IgG2 and IgG3 autoantibodies may also be
pathogenic [39].

Randomized controlled trials of rituximab for BP are
lacking, however several retrospective studies and case
series have been published. Results of a recently published
retrospective cohort study of 84 patients with BP suggested
that rituximab as an adjuvant therapy within 12 weeks
of initiating systemic corticosteroids was associated
with a more rapid and frequent complete remission rate.
Median time to complete remission was 215 days (95%
CI 176.9-253.1) for patients receiving both rituximab and
steroids versus 529 days (95% CI 338.6-719.4) for those
receiving steroids alone [40]. In another retrospective
case-control study of 32 patients with moderate to severe
BP, first-line rituximab (500 mg weekly for 4 weeks)
plus prednisolone (0.5 mg/kg/day) therapy (n = 13) was
compared with prednisolone alone (n = 19). Complete
remission rate for rituximab/prednisolone patients (92%)
was significantly greater than the prednisolone-alone
group (61%) [p = 0.02]. In the rituximab group, 61% of
these patients remained in remission off therapy for over
2 years, and 30% of patients experienced mild disease
recurrence [41]. Polansky et al. demonstrated similar
results of rituximab in a retrospective study of 20 patients
with recalcitrant or severe BP treated with rituximab (RA
protocol: n = 19; lymphoma protocol: n = 1). The decrease
in serum anti-BP180 antibody levels was associated with
clinical response. The study achieved a 75% remission
rate, reasonable adverse effect profile, and steroid-sparing
effect of rituximab [42]. A retrospective study of 12 patients
with recalcitrant BP demonstrated that the combination of
rituximab (lymphoma protocol for 8 weeks, then monthly for
4 months) with IVIG resulted in clinical clearance in all 12
patients after an average of 4.6 months. Two of 12 patients
relapsed after 1 year; however, response was observed
after retreatment with another cycle of rituximab. All
patients remained in remission without adverse events for
6 years [43].

In another retrospective study of BP patients, 48 rituxi-
mab-treated patients reported a remission rate of 79% and
relapse rate of 29%, with a median time of 5.6 months to
relapse [44]. A retrospective review of eight patients with
recalcitrant BP treated with rituximab reported a disease
control rate of 83.3%, partial remission rate of 62.5%, and
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a complete remission rate of 12.5%, with a relapse rate
of 71.4% [45]. Individual case reports have demonstrated
rituximab efficacy in treating recalcitrant BP, including
one patient with both BP and psoriasis [35, 46—48]. Rituxi-
mab depletion of B-cell and IgG autoantibodies have been
linked to clinical response, while relapses were associated
with an inadequate total B-cell depletion [35, 39, 41, 42].
Overall, despite a lack of randomized controlled trials,
the existing data demonstrate that rituximab is a valuable
steroid-sparing therapy option for moderate to severe BP
(Table 3).

3.2.2 Mucous Membrane Pemphigoid

MMP is a rare disease characterized by autoantibodies
most commonly targeting the C-terminus of BP180, and
less often BP230, laminin 332, or the f4 subunit of a6p4
integrin. The consequential damage to BMZ at various
mucosal surfaces results in severe erosions, bullae, and
tissue scarring in severe cases. Conjunctival and laryngeal
involvement may result in blindness and airway constric-
tion. Ocular MMP is sometimes referred to as ocular cica-
tricial pemphigoid (OCP) [49].

Multiple literature reviews and retrospective case-
control studies demonstrated that rituximab (both RA
and lymphoma protocols) in MMP patients results in a
71-100% disease control rate [S0-53]. Repeated rituxi-
mab cycles were reported to increase the response rate
[52, 53]. No correlation was established between the
onset of clinical relapse and recovery of peripheral blood
B cells [52]. The largest retrospective study (n = 49) dem-
onstrated a significant difference in disease control rate
between rituximab (n = 24/24) and conventional treatment
(n =10/25) for MMP (p < 0.01). Time to disease control
was also shorter for the rituximab group (10.17 months)
compared with the control group (37.7 months) [p = 0.02].
Notably, there was no significant difference between the
rituximab and conventional treatment groups in the num-
ber of patients off prednisone after disease control has
been established (n = 16/24 and n = 12/25, respectively)
[p = 0.15] [50]. Rituximab treatment had a lower rate of
adverse events compared with systemic immunosuppres-
sion alone; therapy complications were associated with
disease severity and long histories of immunosuppression
prior to rituximab [50, 52].

The available data from retrospective studies show that
rituximab administered early in the disease may prevent
scarring and blindness in MMP patients (Table 4) [53, 54].
The high recurrence rate for MMP (up to 50%) may require
continuation of the immunosuppressive therapy or addi-
tional cycles of rituximab [50-53]. The positive response
with rituximab suggests a need for well-designed trials to
confirm the safety and efficacy of rituximab in MMP.

3.2.3 Linear Immunoglobulin (Ig) A Bullous Dermatosis
and Linear IgA/IgG Bullous Dermatosis

Both LABD and LAGBD are blistering diseases caused by
deposition of autoantibodies targeting integral components
of BMZ, similar to BP. BP, LAGBD, and LABD are believed
to be on a spectrum, and for LAGBD, the clinical presenta-
tion and pathological findings are determined by predomi-
nance of either IgG or IgA deposited along the BMZ [55].
In LABD, the IgA autoantibodies are formed against the
97 kDa or 120 kDa fractions of BP180, and sometimes col-
lagen VII (COL7) [36]. In LAGBD, IgG and IgA antibodies
target BP180, laminin-332, and BP230. For LABD/LAGBD
diseases, dapsone and topical corticosteroids are the first-
line therapy [56, 57].

The available literature on rituximab in LABD/LAGBD is
limited. Several published cases of patients with refractory
LABD to dapsone and corticosteroids reported complete
clearance and remission of their disease after rituximab [58,
59]. LAGBD therapy with rituximab (lymphoma protocol)
resulted in complete skin clearance initially, which relapsed
after 9 months; fortunately, an additional cycle of rituximab
restored remission [60].

A retrospective review of rituximab therapy in 28 patients
with various pemphigoid diseases included a single case of
LABD that did not reach disease control after a more than
5-year follow-up. The study concluded that IgA-dominant
pemphigoid disease may have a lower disease control rate
with rituximab compared with [gG-dominant diseases [45].
Overall, rituximab may benefit patients with LABD and
LAGBD disease refractory to first-line therapy; however,
randomized trials are needed to better understand the utility
of rituximab in IgA-dominant pemphigoid conditions.

3.2.4 Epidermolysis Bullosa Acquisita

EBA is caused by deposition of IgG and C3 (IgA or IgM are
less common) autoantibodies to COL7 along the BMZ [36,
61]. Clinical presentations include pruritus, tense blisters,
and skin fragility, and may resemble other autoimmune bul-
lous dermatoses. Mucocutaneous involvement has been fre-
quently reported [61, 62]. A meta-analysis of existing EBA
therapies summarized 1159 cases of EBA published between
1971 and 2016, including 16 cases treated with rituximab.
The study failed to find statistical significance between com-
plete remission of EBA and the use of conventional therapies
(corticosteroids and various corticosteroid-sparing medica-
tions). However, there was a significant association between
EBA complete remission and the use of IVIG (p = 0.0047)
and rituximab (p = 0.0114), making them likely candidates
for combination EBA therapy [61].

In a case series of three patients with EBA refractory
to standard therapy, several cycles of rituximab (both
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Table 4 Studies of rituximab treatment in mucous membrane pemphigus (patients >5)

Reference (first author,
year)

Study type

No. of patients Treatment groups

Outcomes Adverse events

Lamberts, 2018 [45] Retrospective 14

tocol

Maley, 2016 [50] Retrospective 49

Rubsam, 2015 [192] Retrospective 6

Le Roux-Villet, 2011
[193]

Retrospective 25

Kasperkiewicz, 2011 [47] Case series 5
(n=3)

Heelan, 2013 [194] Case series 8

500 mg or 1 g RA pro-

RTX (n = 24) [lymphoma Disease control: 100% in
protocol: 10; RA proto-
col: 14] vs. conventional
therapy (n = 25)

RA protocol

Lymphoma protocol

Lymphoma protocol
(n =2), RA protocol

RA protocol

Disease control: 85.7%

Partial remission: 64.3%

Complete remission:
28.6%

Relapse rate: 75%

Mean follow-up: 30.3
months

One death due to sepsis
(not specified which
pemphigus subtype)

RTX group (33%); controls
the RTX group vs. 40% (48%)
in controls (p < 0.01)
Mean time to disease
control: 10.17 months
(RTX) vs. 37.7 months

(controls) [p = 0.02])

Response: 100%

Relapse: 5/6

Mean time to relapse: 10
months

Complete response after
the second cycle: 2/5

Partial response after the
second cycle: 3/5

Two infusion reactions

Complete response (ocu-
lar and/or extraocular):
88% (n =5 required two
cycles)

Median follow-up: 12
weeks

Ocular lesion improve-
ment: 9/10

Median follow-up: 10
weeks

Severe infectious complica-
tions (n = 3) leading to
two deaths

Complete response: n =3 None reported
Partial response: n =2
Median follow-up: 21

months

Complete response: n =6 No serious adverse events
after the first cycle; reported
n = 2 at last follow-up

Partial response: n =2
after the first cycle;

n = 3 at last follow-up

Relapse rate: 100%

Mean follow-up: 29.5
months

Mean time to relapse:

11.4 months

RA rheumatoid arthritis, RTX rituximab

RA and lymphoma protocols were utilized) resulted in
two patients achieving complete disease control and one
patient with partial disease control, allowing for dramati-
cally decreased prednisone dose [63]. In a retrospective
study, four patients with resistant EBA were treated with
rituximab, IVIg and colchicine (lymphoma protocol) and

all demonstrated a decrease in mean skin involvement
scores compared with pretreatment baseline [64]. Addi-
tionally, multiple single case reports demonstrated that
rituximab is an effective treatment for recalcitrant EBA,
leading to a complete clinical remission [62, 65, 66].

A\ Adis



256

S.Lyetal

3.2.5 Pemphigoid Gestationis

PG is a rare disease caused by the loss of immune tolerance
and cross-reactivity to placental BP180. The formation of
C3 and IgG autoantibodies against BP180 in the maternal
hemidesmosomes causes blistering disease in the late preg-
nancy or early postpartum periods. While most PG cases
resolve spontaneously, PG flare or persistent disease may
need treatment with corticosteroids and other immunosup-
pressive agents [67].

Case reports described rituximab for PG refractory to
conventional immunosuppression (corticosteroids, azathio-
prine, and dapsone) and recurrent PG with fetal loss in a
previous pregnancy [68, 69]. Rituximab provided a complete
clearance of refractory PG followed by a mild relapse and
prevented the recurrent PG, allowing the patient to have nor-
mal gestation with a healthy full-term baby. In both cases, a
decrease in serum anti-BP180 antibody levels was observed.
Rituximab was well tolerated, without adverse effects [68,
69].

Rituximab is a category C in pregnancy due to limited
data on its safety. The transfer of IgG across the placenta
poses the highest risk for fetuses after the first trimester of
pregnancy and may result in fetal B-cell depletion, lym-
phopenia, and thrombocytopenia [70, 71]. Rituximab was
detected in breast milk in animal studies; however, the data
for or against its use during breast feeding in humans are
insufficient [72]. Overall, PG tends to resolve spontaneously,
and rituximab therapy has a very limited range of applica-
tion to prevent a recurrence of PG for refractory PG.

3.3 Cutaneous Vasculitic Diseases

Anti-neutrophil cytoplasmic autoantibody (ANCA)-asso-
ciated vasculitis (AAV), cryoglobulinemia-associated vas-
culitis (CV), IgA vasculitis (IgAV), and other vasculitides
are all inflammatory conditions secondary to inflammation
of blood vessels with subsequent ischemia and presenting
with cutaneous and systemic manifestations [73]. Manage-
ment of these vasculitides may be challenging due to adverse
effects or contraindications to systemic immunosuppression
used as first-line treatment. A significant portion of patients
would relapse with decreasing immunosuppressive treat-
ments or present with a disease refractory to the treatment
[74]. Rituximab has become a valuable option in managing
these vasculitides.

3.3.1 Anti-Neutrophil Cytoplasmic Autoantibody
(ANCA)-Associated Vasculitis

AAV includes GPA, eosinophilic granulomatous with poly-

angiitis (EGPA), and MPA. All of these are characterized
by the involvement of small- to medium-sized vessels and
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the presence of IgG anti-neutrophil circulating antibodies
directed against components of both primary granules of
neutrophils and monocyte lysosomes. Common cutane-
ous manifestations include palpable purpura, erythematous
macules, subcutaneous nodules, and ulceration [75]. The
Birmingham Vasculitis Activity Score (BVAS) is often used
to quantify AAV severity based on assessment of nine organ
systems to capture a broad spectrum of clinical disease man-
ifestations [76]. The standard treatment approach is based
on systemic immunosuppression with corticosteroids and/or
cyclophosphamide, or azathioprine. In addition, rituximab
is FDA-approved and a first-line option for induction and
maintenance therapy for GPA and MPA (Table 5) [74].

The RAVE study is a randomized controlled trial that
compared glucocorticoids plus either rituximab (lymphoma
protocol) or cyclophosphamide for remission induction in
197 patients with severe AAV (GPA = 148, MPA = 48;
other = 1). A higher percentage of rituximab patients
achieved remission by 6 months (64% vs. 53%, p < 0.001)
and rituximab was shown to be non-inferior to cyclophos-
phamide. Rituximab demonstrated higher efficiency than
cyclophosphamide for inducing remission of the relapsing
disease (67% vs. 42%, p = 0.01). There was no significant
difference in the rate of disease flares between the cyclo-
phosphamide and rituximab groups. By 6 months, 47% of
rituximab patients became ANCA-negative; however, the
loss of ANCA reactivity was not associated with remission
induction [77].

The RITUXVAS study is an open-label, randomized
trial that compared glucocorticoids plus either rituximab
(lymphoma protocol) and intravenous cyclophosphamide
(RTTX group) or intravenous cyclophosphamide followed
by azathioprine (control group) for remission induction in
44 patients [104]. No significant difference was found in
sustained remission rates (BVAS of 0 for 6 months) between
the rituximab group (76%) and the control group (82%).
Follow-up in the RITUXVAS study at 24 months found no
significant difference between the rates of death, end-stage
renal disease, and relapse between the rituximab and control
groups. All relapses were associated with the return of B
cells [78].

Another randomized clinical trial revealed that rituximab
combined with reduced-dose prednisolone (0.5 mg/kg/day;
n = 70) was not inferior to rituximab combined with high-
dose glucocorticoids (1 mg/kg/day; n = 70) in patients with
ANCA-associated vasculitis (p = 0.003 for non-inferiority)
[79].

The MAINRITSAN study demonstrated the effectiveness
of rituximab as maintenance therapy for ANCA-associated
vasculitis. A total of 115 patients with ANCA-associated
vasculitis were randomized to receive rituximab (n = 58)
or azathioprine (n = 57). With a follow-up duration of 28
months, the rituximab group exhibited significantly fewer
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major relapses (5%) compared with the azathioprine group
(29%) [p = 0.002] [80]. A follow-up study, the MAINRIT-
SAN?2, explored differing rituximab regimens for mainte-
nance therapy: tailored infusions (n = 81, initial 500 mg
infusion and re-infusion only when CD19+B lymphocytes
or ANCA reappeared) versus fixed number of infusions
(n = 81, 500 mg on days 0 and 14, then at 6, 12, and 18
months). The tailored arm received less infusions (total 248,
median three per patient) compared with the fixed arm (total
381, median five per patient). There was no significant dif-
ference in relapse rate between the groups (tailored arm,
17.3% vs. fixed arm, 9.9%; p = 0.22). The MAINRITSAN?2
study results indicated that patients receiving individually
tailored regimens benefit from fewer rituximab infusions,
without an increased rate of relapse [81].

3.3.2 Cryoglobulinemia-Associated Vasculitis

CV is a disease mediated by immune complex deposition,
mostly in small vessels, causing purpura, arthralgia, and
weakness, and sometimes involving the kidneys and the
peripheral nervous system [82]. The disease is classified as
type I (deposition of monoclonal IgG or IgM), type II (IgG
and IgM-RF of monoclonal origin), or type III (IgG and
IgM-RF of polyclonal origin). Types II and III are also called
mixed cryoglobulinemia (MC). Treatment of MC includes
treatment of the underlying disease when appropriate (e.g.,
hepatitis C virus [HCV], hematologic malignancy), systemic
immunosuppression, and plasmapheresis [83]. Rituximab
depletion of B cells producing monoclonal or polyclonal
cryoglobulins was recommended in cases of severe vasculi-
tis, skin ulcers, neuropathy, and nephropathy [84].

Several studies have analyzed rituximab therapy for CV,
both as monotherapy and in combination with antiviral drugs
to target HCV. Complete response rate has been reported in
50-62% of cases with clinical improvement observed in the
majority of cases [82, 85, 86]. Rituximab infusion is associ-
ated with reduced levels of cryoglobulins, rheumatoid factor,
and IgM. Rituximab monotherapy for active MC has demon-
strated a clinical improvement rate of 74% for skin purpuric
lesions and 87% for non-healing vasculitic leg ulcers [86].

A multicenter, phase III, randomized controlled trial
of 57 patients with either HCV-related or -unrelated type
II CV demonstrated higher survival rates at 12 months in
rituximab-treated (RA protocol; 64.3%) patients compared
with patients receiving conventional immunosuppression
(3.5%) [p < 0.0001]. In addition, all rituximab-treated
patients with skin ulcers at baseline experienced a complete
response (n = 5/5). BVAS scores were not significantly dif-
ferent between groups (p = 0.076), but the BVAS score was
significantly lower compared with baseline for the rituxi-
mab group starting at 2 months (p < 0.001) [87]. In a rand-
omized clinical trial of rituximab (lymphoma protocol) for
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HCV-associated CV in patients who failed to achieve remis-
sion with antiviral therapy, the rituximab groups achieved
an 83% remission rate compared with 8% in the control
group treated with the best available immunosuppressive
therapy (p < 0.001) [88]. BVAS scores were significantly
lower in the rituximab group (p < 0.02) [87, 88]. Multiple
trials demonstrated that low-dose rituximab (two infusions
administered at 250 mg/m?) for relapsing MC is an efficient,
well tolerated, and cost-effective option, with most patients
demonstrating clinical improvement [89, 90]. Rituximab
combined with Peg-interferon-alpha2b/ribavirin was shown
to be effective in treating severe refractory HCV-related MC
vasculitis [85].

Overall, rituximab has demonstrated efficacy and safety
in treating MC both related and unrelated to HCV (Table 6).
Rituximab was shown to improve both dermatological and
systemic disease manifestations [89]. Rituximab efficacy
was low in cases with plasmocytic proliferation [82, 91].
However the success from direct-acting antivirals for HCV
and HCV-associated MC requires re-evaluation of the role
of rituximab in HCV-associated CV [89, 92].

3.3.3 IgA Vasculitis

IgAV, also referred to as Henoch—Schonlein purpura, is a
small-vessel leukocytoclastic vasculitis most frequently
affecting pediatric patients following an infection. Major
disease manifestations are palpable purpura of the lower
extremities, arthralgia, abdominal pain associated with
melena, and neurological and renal involvement. The disease
typically has a transient course, with most patients recover-
ing spontaneously; however, occasional refractory cases may
require intravenous corticosteroids and plasmapheresis [93].

The effectiveness of rituximab to treat adult-onset IgAV
has been demonstrated in prospective studies. In a prospec-
tive study of 22 patients with adult-onset IgAV treated with
rituximab, a remission rate of 90.9% and relapse rate of 35%
was observed. Patients had significant reductions in 24-h
proteinuria (p < 0.0001), C-reactive protein (CRP) levels
(p = 0.0005), and Birmingham Vasculitis Activity Score
(p < 0.0001) [94]. Another study demonstrated complete
response in 10/12 rituximab-treated patients and no response
in 1/12 rituximab-treated patients with adult-onset I[gAV
after 6 months [95].

A case series of eight pediatric patients with chronic
steroid-dependent Henoch—Schonlein purpura reported
remission in seven patients. The number of patients requir-
ing hospitalization decreased from 7 to 2 after rituximab
treatment. In addition, the median oral corticosteroid burden
decreased from 0.345 mg/kg/day to 0 mg/kg/day at 6 months
(p =0.078), 1 year (p = 0.0625), and 2 years (p = 0.03) [96].

A systematic review of rituximab therapy for IgAV identi-
fied 35 cases treated with rituximab following either the RA
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or lymphoma protocol. Most patients (93.4%) improved after
initial rituximab; the recurrence rate was 37.1%. Sustained
remission was achieved by 74.3% of patients [97]. Overall,
rituximab is an effective and well-tolerated option for refrac-
tory IgAV, especially if conventional immunosuppression
therapy is contraindicated. However, more studies are nec-
essary in both the adult- and pediatric-onset populations.

3.4 Dermatomyositis

DM is an autoimmune disease characterized by inflamma-
tion of the skin and muscles. The etiology of DM is unknown
and is thought to be multifactorial. It is thought that injury in
DM is due to antibody- and complement-mediated capillary
damage [98]. Recent studies hinted a role for B cells in DM.
One study reported that DM patients have more naive B cells
and fewer memory B cells compared with healthy controls
[99]. Other studies have suggested that regulatory B-cell
(Breg) deficiency contributes to the pathogenesis of DM
since clinical improvement and remission of DM has been
associated with a return or increase in Bregs [100, 101].
Common systemic therapies for the cutaneous mani-
festations of DM include hydroxychloroquine, methotrex-
ate, mycophenolate mofetil, azathioprine, and IVIG [102].
The literature has reported mixed responses to rituximab
treatment among DM patients. The Rituximab in Myositis
(RIM) Trial was a major randomized control trial that evalu-
ated the safety and efficacy of rituximab in refractory adult
and juvenile DM (JDM) and adult polymyositis patients
(n =76, n =48, n = 76, respectively) over a study period
of 44 weeks. Patients were randomized into early (week 0
and 1) and late (week 8 and 9) rituximab treatment arms.
Rituximab was administered as 575 mg/m? per infusion for
children with a BSA <1.5 m? and 750 mg/m? (up to 1 g)
per infusion for adults and children with BSA >1.5 m? [21].
The study found no significant difference between the early
and late treatment arms for its primary outcome: time to
achieve the International Myositis Assessment and Clinical
Studies Group preliminary definition of improvement (DOI)
[p = 0.74; median time to DOI: 20.2 and 20.0 weeks for
the early and late arms, respectively]. Despite not meeting
the primary endpoint, 83% of patients met the DOI [103].
The authors of the RIM trial published an additional study
further outlining the improvement in cutaneous findings of
their study population (adult DM, n = 72; JDM, n = 48).
The trial utilized the Myositis Disease Activity Assess-
ment Tool (MDAAT) and Myositis Damage Index (MDI)
to assess cutaneous disease activity and cutaneous damage,
respectively [104, 105]. Rituximab demonstrated significant
improvement in cutaneous visual analog scale disease activ-
ity from baseline in both adult DM and JDM (p = 0.0002
and p < 0.0001, respectively). A significant decrease in fre-
quency of the following symptoms was seen in adult DM
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patients: erythroderma, erythematous rashes without sec-
ondary changes, heliotrope rash, Gottron sign and papules,
periungual erythema, diffuse alopecia, and mechanics hands
(p = 0.002, p < 0.001, p < 0.001, p < 0.001, p < 0.001,
p = 0.028, and p = 0.008, respectively). Among adult DM
patients, there were no significant improvements in cuta-
neous ulceration, panniculitis, erythematous rash with
ulceration or necrosis, focal alopecia, calcinosis, cutane-
ous scarring or atrophy, poikiloderma, or lipodystrophy.
Similar findings were seen in the pediatric DM cohort,
except for additional significant improvements in cutane-
ous ulcerations (p = 0.02) and focal (not diffuse) alopecia
(p = 0.028). The cutaneous disease activity score improved
in 67% of adult DM patients and 75% of JDM patients, and
worsened in 12% of adult DM patients and 11% of JDM
patients. The frequency of any DM rash decreased by 13%
(89-76% decrease) for adult DM patients (p = 0.047) and
18% (100-82% decrease) for JDM patients (p = 0.002) at
week 36 [106, 107].

One open-label study of eight adult DM patients with
rituximab treatment showed no significant change in
skin scores from baseline (RA protocol) [108]. In con-
trast, another open-label study of seven refractory adult
DM patients demonstrated major clinical improvement in
strength and cutaneous DM as early as 12 weeks after initial
rituximab infusion (lymphoma protocol). All patients with
baseline rash (n = 5) showed improvement and patients with
alopecia had hair regrowth (n = 2). However, disease relapse
was observed in four of six patients by weeks 24-36, which
was associated with the return of B cells [109].

Since small vessel vasculopathy is thought to play a role
in DM, decreased nailfold capillary density has been stud-
ied as a potential measure of DM disease activity. A retro-
spective study suggested the ability of rituximab (n = 10)
to reverse nailfold capillary changes in adult DM patients
compared with other immunosuppressive therapies (n = 25;
prednisone, methotrexate, mycophenolate mofetil, and
IVIG). Of those patients treated with rituximab, 80% had
normal-appearing nailfold capillaries at 6 months, and 100%
at 2 years. In contrast, patients receiving other immunosup-
pressants had no improvement in nailfold capillaries at 6
months or 2 years [110, 111].

Despite existing controversial findings of rituximab
therapy in DM, recent studies have provided evidence that
rituximab may provide benefit to refractory DM patients
(Table 7).

3.5 Systemic Sclerosis (Scleroderma)

Systemic sclerosis (SSc), also known as scleroderma, is a
rare connective tissue disease involving endothelial and vas-
cular damage of the skin and internal organs with progres-
sive fibrosis. The pathogenesis of SSc is complex and the
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precise mechanisms of the disease are not fully understood,
but likely arise from a combination of autoimmunity, vascu-
lar defects, and fibroblast dysfunction. The clinical heteroge-
neity among patients with SSc further suggest that additional
variables may vary among each patient [112]. Previous stud-
ies have suggested the involvement of B-cell dysfunction
in the pathogenesis of fibrosis in SSc. Patients with SSC
have been shown to have hyperactive memory B cells that
overproduce profibrotic cytokines. These profibrotic B cells
infiltrate the skin and lungs of patients with SSc, leading to
the characteristic thick, hard skin and diminished lung func-
tion seen in SSc [113].

Based on the extent of skin involvement, SSc is classi-
fied as either diffuse cutaneous SSc or limited cutaneous
SSc. In addition to progressive skin fibrosis, other cutaneous
symptoms of SSc include pruritus, edema, capillary changes
at the nail beds, digital ulceration, calcinosis, and telangi-
ectasia [112]. The modified Rodnan skin score (mRSS) is
typically used in clinical trials as a measure of skin fibrosis
and to assess trial outcomes [114]. Treatment of diffuse skin
sclerosis includes methotrexate or mycophenolate mofetil;
unfortunately, the efficacy of these drugs have been mod-
est. Another commonly used drug in SSc is cyclophospha-
mide, but it is typically preserved for refractory disease or
for patients with interstitial lung disease (ILD) [115, 116].

Although limited, the data on rituximab use in SSc have
demonstrated the potential of B-cell-targeting therapy in
SSc. Improvements in both cutaneous and pulmonary symp-
toms have been demonstrated in studies of SSc patients
treated with rituximab. A multicenter case-control study
by the European Scleroderma Trial and Research Group
(EUSTAR) of 63 SSc patients demonstrated improvement in
skin fibrosis and prevented worsening lung fibrosis in ritux-
imab-treated patients compared with matched controls. The
mRSS decreased significantly from baseline in the 46 ritux-
imab-treated patients after a mean follow-up of 7 months
(p = 0.0002) [24]. The improvement in mRSS after rituxi-
mab was most pronounced in patients with severe, diffuse
cutaneous SSc (n = 25, p = 0.0001). The mRSS was also
improved significantly in the rituximab group compared with
matched controls in patients with severe, diffuse cutaneous
SSc (n = 25 each, p = 0.03) [117]. In addition, there was
a measurable difference in functional vital capacity (FVC)
change between rituximab and matched control groups
among SSc patients with ILD (n = 9 each, p = 0.02) [118].
More recently, the EUSTAR database was utilized in a pro-
spective cohort study of 254 rituximab-treated SSc patients.
Compared with matched controls, rituximab-treated patients
showed greater skin fibrosis improvement (p = 0.002), and
those with a baseline mRSS >10 (n = 131) had significantly
higher improvement in mRSS scores (p < 0.0001) [119].

Rituximab treatment may be considered an alternative or
combination treatment to cyclophosphamide in refractory
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SSc or SSc with ILD. An open-label clinical trial of 60 dif-
fuse SSc patients with positive anti-Scl70 antibody randomly
assigned patients to receive intravenous cyclophosphamide
(n = 30) or rituximab (RA protocol) with concurrent pred-
nisolone (n = 30). Significant improvement in the percent-
age-predicted FVC, the study’s primary outcome, was only
seen in the rituximab group (p = 0.002) compared with the
cyclophosphamide group (p = 0.496). Furthermore, greater
improvement in mean mRSS was achieved in the rituximab
group (—9.67) compared with the cyclophosphamide group
(—5.5) after 6 months (p <0.001) [115].

A small randomized controlled study of 14 patients with
SSc achieved a similar mRSS score decrease of 38% and
noted a significant reduction in collagen deposition in the
papillary dermis but not the reticular dermis [120]. Indi-
vidual case reports showed that rituximab can improve SSc-
related cutaneous calcinosis [121, 122]. In a case series of
eight patients with cutaneous calcinosis, four patients had a
clinical response [122].

However, several small, open-label trials and retrospec-
tive studies of rituximab in SSc patients lacked significant
changes in mRSS scores [123]. An open-label trial of 15
patients with diffuse SSc showed no significant difference
in mRSS from baseline to 6 months (p = 0.82) or 12 months
(p =0.83) [124]. A small retrospective study of six patients
with SSc showed stabilization or improvement of skin
involvement, but the change in mRSS between baseline and
12-month follow-up was minimal [125]. In a retrospective
study, a rituximab biosimilar (CT-P10, Truxima) demon-
strated a significant improvement in mean mRSS scores in
SSc patients, in both patients naive to rituximab (n = 17,
p < 0.024) and those previously treated with rituximab
(n=16,p <0.031) [126].

In summary, studies have demonstrated beneficial effects
of rituximab on both skin and lung function in patients with
SSc (Table 8). However, larger-scale clinical trials of rituxi-
mab with longer evaluations are necessary to better assess its
long-term clinical efficacy in patients with varying cutane-
ous features of SSc.

3.6 Cutaneous Lupus Erythematosus

Cutaneous lupus erythematosus (CLE) is an autoimmune
disease that can present independently or in association
with SLE. The main CLE subsets are acute CLE (ACLE),
subacute CLE (SCLE), and chronic CLE (CCLE). The most
common subset is CCLE, in which the majority of CCLE
(up to 80%) is discoid lupus erythematosus (DLE) [127].
The disease mechanism of SLE is complex and multifac-
torial, including both genetic and environmental factors,
such as ultraviolet radiation exposure and smoking. SLE is
characterized by autoantibodies to intracellular antigens that
lead to formation of immune complexes, causing damage to
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various organs [1]. The pathophysiology of CLE is thought
to include defects of both innate and adaptive immune cells
[128]. Anti-SSA/Ro and anti-LA are known to be associated
with CLE; however, the pathogenic role of autoantibodies in
CLE remains unclear [5, 129].

The current management of CLE includes strict sun
protection, topical corticosteroids, antimalarials, and cor-
ticosteroid-sparing immunosuppressing therapies. Most
recommended therapies for CLE are derived from SLE,
however many CLE patients are recalcitrant to the cur-
rent treatment options. Clinical trials for SLE treatments
often exclude CLE patients who do not meet the criteria
for SLE; thus, CLE patients often miss out on opportunities
for emerging lupus treatments [130]. There are currently
no FDA-approved treatments specifically for CLE. One of
the two FDA-approved medications for SLE targets B cells,
i.e. belimumab, a monoclonal antibody against BAFF [10].
Although belimumab has shown success in SLE, the efficacy
for skin disease is unclear. The original trial lacked skin-
specific outcomes measures and evaluations by a derma-
tologist; thus, the results of the trial cannot be extended to
CLE patients. Studies have suggested belimumab may lead
to improved skin manifestations; however, the CLE-specific
evidence is limited and additional trials are required in CLE
patients. Recent studies have demonstrated success of beli-
mumab in decreasing anti-dsDNA antibody levels in SLE
patients after B-cell depletion by rituximab, as well as coad-
ministration of belimumab and rituximab [131, 132]. Further
studies are indicated to understand the effect of combining
belimumab and rituximab on cutaneous manifestations of
lupus erythematous.

B-cell-targeted therapy using rituximab for SLE has
shown mixed results. Multiple authors have demonstrated
rituximab as an effective treatment for SLE [133, 134]. How-
ever, two large, randomized, placebo-controlled clinical tri-
als (EXPLORER, LUNAR) failed to achieve their primary
endpoints of overall cutaneous response at 6 and 12 months
and renal response at week 52, respectively) [135, 136]. A
systematic review identified several potential predictive and
prognostic factors of rituximab outcomes in SLE, including
clinical phenotype and severity, anti-ENA, anti-Ro antibod-
ies, post-rituximab B-cell depletion and earlier B-cell repop-
ulation; however, validation of these factors is lacking [137].

The benefits of rituximab on cutaneous specific mani-
festations of lupus erythematous remains controversial. A
number of case studies have demonstrated rituximab effi-
cacy in the treatment of bullous SLE and refractory SCLE
[138—-143]. Previous prospective and retrospective studies
of rituximab treatment in CLE patients have shown variable
results: 23-76% of patients demonstrated at least a partial
response and 29—-48% of patients demonstrated a complete
response. Relapses were observed in 39-46% of patients
[144-147]. In addition, the efficacy of rituximab in CLE
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has been shown to vary among subgroups. In a retrospec-
tive study of 17 patients, two of three SLE patients with
non-specific lesions (66.6%), two of three ACLE patients
(66.6%), two of three SCLE patients (66.6%), and three of
eight CCLE patients (37.5%) resulted in cutaneous response
to rituximab [146]. A prospective study of 26 patients
revealed that the mucocutaneous response to rituximab at 6
months was best in ACLE patients (6/14, 42.9%), compared
with 0% response in CCLE patients (0/8) [145]. In contrast,
a retrospective study of 50 rituximab-treated CLE patients
showed no statistically significant difference in response
among CLE subtypes [147]. Notably, post-rituximab flares
of CCLE in these studies were associated with lack of B-cell
repletion [145, 147].

Overall, rituximab has shown promising but variable
results in the treatment of CLE (Table 9). The decreased
response in and lack of B-cell repletion in flares of CCLE
suggest that innate and T-cell-dependent autoimmunity may
potentially account for non-response to rituximab in CCLE
patients [11-13]. The mixed results of existing rituximab
studies in CLE and its subtypes indicate that additional tri-
als are necessary to better understand the clinical utility of
B-cell-targeted therapy in CLE.

3.7 Thyroid Dermopathy of Graves’ Disease

Thyroid dermopathy (TD), or pretibial myxedema, is a rare
manifestation of Graves’ disease (GD) that typically devel-
ops within the first 2 years after hyperthyroidism diagnosis.
It affects 1-4% of GD patients; the majority of these patients
also develop Graves’ orbitopathy (GO) [148]. It presents as
a localized, waxy skin thickening, usually in the pretibial
area, but may occur anywhere on the skin, including exten-
sor areas, back, and head and neck areas [149].

Production of anti-thyroid stimulating hormone (TSH)
receptor autoantibodies binding TSH receptors by B cells
is associated with GD [148]. The exact pathogenesis of the
TD is unclear, however it has been demonstrated that normal
dermal fibroblasts express TSH receptor protein and may be
stimulated by a circulating factor. Additionally, fibroblasts
may be stimulated by inflammatory cytokines such as tumor
necrosis factor-alpha and gamma interferon secreted by
T-helper (Th) 1 cells specific to TSH receptor antigen [148,
149]. Mild TD often resolves over time without treatment,
however severe dermopathy may be refractory to treatment
[150]. The initial therapy relies on topical or intralesional
corticosteroids and normalization of thyroid function.

Recently, B-cell-targeted therapy with rituximab has been
found to be helpful in severely affected patients with thy-
roid orbitopathy; however, no large-scale trials of rituximab
in patients with TD have yet been reported [151]. A case
series reported data from five patients with TD treated with
rituximab. Objective improvement was observed in one of
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five patients, and stabilization of the disease was noted in
three of five patients. The authors noted that a limited dura-
tion of rituximab benefits suggested the need for repeated
infusions [152]. Several case reports demonstrated improve-
ment in patients with treatment resistant TD and GO after
one cycle of rituximab [153, 154]. A patient with severe
TD that progressed to elephantiasic dermopathy was treated
with a combination of plasmapheresis and rituximab (a total
of 29 weekly rituximab doses over 3.5 years). The patient
had improvement in the subcutaneous tissue thickness and
resolution of the macrodactyly, which coincided with a
decrease in the levels of anti-TSH autoantibodies, support-
ing a hypothesis for the role of pathogenic autoantibodies
in the TD [150].

Although there are preliminary data, additional well-
designed trials to confirm the safety and efficacy of rituxi-
mab in TD is needed; however, the available data suggest
that rituximab may provide a well-tolerated option in
patients with severe TD. Notably, data on the use of rituxi-
mab for GO show that better response is achieved early in
the course of the extrathyroidal GD [155, 156].

3.8 Lichen Planus

Lichen planus is a chronic, recurrent inflammatory condi-
tion that affects the skin, oral mucosa, genital mucosa, scalp,
and nails. The erosive variant is characterized with painful
ulcerations and scarring of the mucosa and skin. The patho-
genesis of LP remains unclear, but is likely T-cell-mediated,
with CD8+T cells directed against basal keratinocytes [157].
However multiple case reports have described rituximab use
for LP. Improvement of LP due to rituximab suggests B cells
are also involved in the pathogenesis of LP.

A report of a patient with generalized mucocutaneous
LP with esophageal involvement showed rapid resolution
to rituximab (lymphoma protocol). The patient had dra-
matic improvement at months 3 and 6. Endoscopy also
demonstrated complete remission of esophageal involve-
ment at month 3 [158]. Three additional case reports of four
patients with refractory oral and vulvovaginal erosive LP
reported successful treatment with rituximab [159-161].
One case report of lichen planopilaris in a patient with
juvenile chronic arthritis described rapid and complete
resolution with rituximab treatment [162]; however, a ret-
rospective study of five patients with refractory erosive LP
reported failure or transient minimal improvement with
rituximab. Three patients had no response to rituximab, and
one patient had minimal reduction of pain and number of
erosive lesions. Another patient had mild improvement of
genital and skin involvement without oral improvement,
and relapses treated with repeated courses of rituximab did
not lead to clinical improvement [163]. Incidentally, there
have been reported cases of anti-CD20 therapies causing

A\ Adis

lichenoid reactions [164—166]. Larger-scale studies are
therefore required to understand the role of rituximab in the
treatment and development of lichenoid conditions.

4 Safety of Rituximab

Overall, rituximab is well tolerated and serious adverse
reactions are rare. Among the indications discussed in this
review, rituximab has demonstrated a favorable safety pro-
file compared with conventional therapies. There were less
frequent or comparable frequencies of adverse effects in
rituximab groups compared with controls among studies of
the discussed indications. In the randomized trial for PV by
Werth et al., the total number of adverse events was lower
for rituximab (85%) versus mycophenolate mofetil (88%);
however, the number of serious adverse events was greater
in the rituximab group (22%) compared with the mycophe-
nolate mofetil group (15%) [17].

The most common adverse reaction to rituximab was
infusion reaction during the first treatment, which may
be prevented or minimized with concomitant, corticoster-
oid, acetaminophen or diphenhydramine premedication
[167]. Other reported adverse effects included neutropenia,
hypogammaglobulinemia, hypertension, rash, gastrointesti-
nal upset, cardiac disease, cough, and upper respiratory tract
infections. Severe adverse effects included mucocutaneous
reactions (including lichenoid dermatitis and Stevens—John-
son syndrome) and serious infections [71, 168, 169]. When
treating lymphoma patients, tumor lysis syndrome can be
seen. Rituximab is associated with hepatitis B virus (HBV)
reactivation, and screening for subclinical HBV prior to ini-
tiating rituximab is essential [170]. Progressive multifocal
leukoencephalopathy (PML) brain infection caused by reac-
tivation of the JC virus, as well as neurologic examination,
are important to monitor for developing symptoms, which
necessitate cessation [171]. Rare development of various
mucocutaneous and skin conditions, including psoriasis, oral
lichenoid reaction, scar sarcoidosis, and cutaneous vascu-
litis have also been reported after initiating treatment with
rituximab [164, 172—-175]. Case reports of rituximab-treated
PV have reported reticulate pigmentation over the face and
paradoxical worsening of pemphigus presenting as figurate
bullous eruption [176, 177].

There are significant concerns on the use of rituxi-
mab during the coronavirus disease 2019 (COVID-19)
pandemic. Early data suggested poorer outcomes in
rituximab-treated patients who were hospitalized due to
COVID-19 [178]. In multiple case reports, patients receiv-
ing rituximab for rheumatological diseases experienced
severe forms of COVID-19 [179-183]. However, these
associations may be skewed due to the pre-existing risk
factors that rituximab-treated patients generally have, such



Rituximab Treatment for Autoimmune Diseases of the Skin

267

as higher rates of interstitial lung disease and other known
factors associated with poorer outcomes of COVID-19. A
single-center retrospective study of patients with COVID-
19 and receiving rituximab for any indication (n = 49)
reported that the duration between the last rituximab
infusion and COVID-19 diagnosis did not significantly
affect rates of hospitalization, admission to intensive care
units (ICUs), or death. In the analysis, patients received
their last rituximab dose <3 months (57.1%), 3—6 months
(26.5%), or >6 months (16.3%) prior to their COVID-19
diagnosis. There was no significant difference in median
time from the last rituximab infusion to COVID-19 diag-
nosis between those who developed COVID-19 antibodies
(51.7%) and those who did not (48.3%) [p = 0.323]. The
study also found that in comparison with patients receiv-
ing rituximab as cancer therapy, patients who were treated
with rituximab for non-malignant indications had higher
rates of ICU stays for COVID-19 (9.5% and 35.7%, respec-
tively; p = 0.035). Interestingly, of the 14 patients with
negative COVID-19 antibody titers, 11 patients survived
COVID-19 [184]. This may suggest that antibody develop-
ment is not necessary for recovery from COVID-19.
Data on the safety of vaccinations in rituximab-treated
patients are limited. Rituximab is known to be associated
with an impaired humoral response to the PPSV-23 and
influenza vaccines [185, 186]. In addition, live vaccinations
are not recommended during rituximab treatment. While
there are no standard guidelines on COVID-19 vaccinations
in rituximab-treated patients, it is generally recommended
to vaccinate before initiating rituximab or after at least
6 months post-rituximab infusion. If the need for vaccination
is urgent, consider delaying rituximab if there is a low risk of
disease flare [187]. A study of 126 patients with lymphoma
treated with anti-CD20 agents reported only 55% of patients
developed an antibody response to the COVID-19 vacci-
nation. If rituximab was initiated after a vaccinated indi-
vidual mounted an antibody response, they tended to main-
tain their antibody titers. For those who were vaccinated
after initiating rituximab, time since the last dose of anti-
CD20 was a significant independent predictor of antibody
response to the vaccine. Antibody response was detected in
0/31 patients who last received anti-CD20 within 6 months
prior to vaccination [188]. There is evidence that rituximab
is associated with an impaired but inducible response to
the COVID-19 vaccine. In a study of 74 rituximab-treated
patients, only 39% developed antibodies against COVID-19
after two vaccinations with BioNTech/Pfizer BNT162b2 or
Moderna mRNA-1273. Only 1/36 patients without detect-
able CD19+ peripheral B cells developed antibodies against
COVID-19. Antibody levels correlated with the amount of
circulating B cells in patients (p < 0.001); however, some
patients with <1% of B cells mounted detectable antibody
responses to the vaccine. A total of 58% of patients had

detectable COVID-19-specific T cells, which was independ-
ent of humoral response [189].

5 Conclusion

Targeting B cells with high specificity using anti-CD20
monoclonal antibodies, best shown by robust data from
rituximab, has demonstrated the efficacy of therapy with
ability to deplete pathogenic B cells in the treatment of auto-
immune disease. Our review highlights the use of anti-CD20
for the following autoimmune diseases affecting the skin:
CLE, DM, SSc, TD, PV, APD, and cutaneous vasculitic dis-
eases. Rituximab is currently only FDA-approved for non-
Hodgkin’s lymphoma, leukemia, RA, GPA, MPA, and PV
[3]. The off-label use of rituximab in cutaneous autoimmune
diseases has shown favorable results, in which rituximab
can effectively augment or replace conventional therapies
with undesirable adverse effects or in refractory disease.
Rituximab is generally safe and well tolerated, with the most
common adverse reaction being infusion-related reactions.
While rituximab is associated with occasional severe-to-fatal
adverse reactions, these events are extremely rare. Further
trials are required to develop guidelines for rituximab and
other anti-CD20 biosimilars in dermatological autoimmune
diseases. With promising results in the literature, the use of
anti-CD20 monoclonal antibodies in autoimmune diseases
involving the skin will likely expand in the future.
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