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Bullous pemphigoid (BP) is a common autoimmune bullous disease affecting mainly the elderly, with rising incidence due
to increased life expectancy. This disease is characterized by tense bullous lesions on normal or erythematous skin, accom-
panied by pruritus. BP pathogenesis involves autoantibodies against hemidesmosomal proteins BP180 and BP230, leading
to detachment at the dermo-epidermal junction as well as blister formation. BP is associated with coexisting comorbidities
and drug exposure, and its management often requires high doses or chronic use of systemic glucocorticoids, posing risks of
adverse effects. This review focuses on novel treatment options for BP, exploring therapies targeting different immune path-
ways. Rituximab, a CD20 monoclonal antibody, depletes B-lymphocytes and has shown efficacy in severe cases. Dupilumab,
targeting interleukin (IL)-4 receptor o and thus blocking IL-4 and IL-13, downregulates type 2 helper (Th2) responses and
has demonstrated promising results. Targeting eosinophil-related molecules using bertilimumab and AKST4290 has yielded
positive results in clinical trials. Omalizumab, an immunoglobulin (Ig) E antibody, can reduce disease severity and allows
corticosteroid tapering in a number of cases. Complement inhibitors such as nomacopan and avdoralimab are being inves-
tigated. IL-17 and IL-23 inhibitors such as secukinumab and tildrakizumab have shown potential in a limited number of
case reports. Neonatal Fc receptor antagonists such as efgartigimod are under investigation. Additionally, topical therapies
and Janus kinase inhibitors are being explored as potential treatments for BP. These novel therapies offer promising alterna-
tives for managing BP, with potential to improve outcomes and reduce high cumulative doses of systemic corticosteroids
and related toxicities. Further research, including controlled clinical trials, is needed to establish their efficacy, safety, and
optimal dosing regimens for BP management.

1 Introduction
Key Points
1.1 Prevalence
Evolving therapies This review explores novel treatments

for bullous pemphigoid (BP), focusing on innovative
approaches targeting various immune pathways.

Bullous pemphigoid (BP) is one of the most frequent
autoimmune bullous diseases that affects mainly the

elderly (eighth decade of life) without gender predilec- Promising options Rituximab, dupilumab, eosinophil-
tion [1]. As life expectancy raises in recent years, so does targeted molecules, omalizumab, complement inhibitors,
the BP incidence in Europe, ranging from 2.5 to 42.8 interleukin (IL)-17 and IL-23 inhibitors, neonatal Fc
cases per million per year [2]. Although the incidence is receptor antagonists, topical therapies, and Janus kinase
low, the risk of developing BP increases with age, and inhibitors are among the promising therapies being

investigated for the management of BP.

54 Aikaterini Patsatsi Need for further research Despite these potential treat-
apatsats @auth.gr ments, controlled clinical trials are crucial to establish
the efficacy, safety, and optimal dosing regimens for
managing BP, aiming to improve outcomes while mini-
mizing systemic steroid use and associated toxicities.
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people over 90 years of age have a 300-fold increased
risk compared with people under 60 years of age [3]. A
possible cause may be that in older populations, coexist-
ing comorbidities as well as multiple drug exposure can
trigger the disease.

1.2 Prognosis

In a meta-analysis by Kridin et al., the pooled estimate of
1-year mortality rate was 23.5% (95% confidence interval
20.2-26.8, I* = 81%, p < 0.001) worldwide [4]. Com-
pared with individuals in the general population of the
same age, patients with BP face a 3.6-fold higher risk of
death. This elevated risk can be attributed to the disease
burden, adverse effects of pharmacological treatments,
and the presence of severe multimorbidities [5]. Moreo-
ver, BP is a disease that severely affects patients’ quality
of life.

1.3 Clinical Manifestations and Comorbid
Conditions

BP is clinically manifested with tense bullous lesions on
normal or erythematous/edematous skin, mainly located
on the groin, axillary folds, thighs and the lower abdo-
men, as well as intense itching [6]. BP patients may also
present with a non-bullous prodromic phase with eczem-
atous, excoriated, urticaria-like, or nodular lesions with
varying duration [2]. Oral, esophageal or genital mucosal
lesions may present in 10-20% of cases [7]. Comorbid
conditions, such as neurological disorders (e.g. multiple
sclerosis, dementia, Parkinson’s disease, epilepsy, stroke),
as well as cardiovascular diseases (e.g. diabetes, hyperten-
sion, pneumonia, pulmonary embolism), have an increased
prevalence among patients with BP [2, 8-10]. In a retro-
spective cohort study involving 335 BP patients there was
no significant difference in malignancy rates between BP
patients and the general population [11]. Consequently, a
comprehensive malignancy work-up might not be neces-
sary for BP patients However, the study revealed that BP
patients faced a higher risk of melanoma (10.7% vs. 4.3%,
p < 0.001), indicating the potential benefit of routine skin
screenings [11].

1.4 Drug-Induced BP
Drug-induced/associated BP has been rising in the last

years. A variety of systemic agents may cause BP, such
as diuretics (furosemide, bumetanide, spironolactone),
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analgesics, D-penicillamine, antibiotics (amoxicillin,
ciprofloxacin), psycholeptics (phenothiazines), potas-
sium iodide, captopril, antidiabetic agents (metformin
and dipeptidyl peptidase IV inhibitors such as vildaglip-
tin, sildagliptin, saxagliptin, linagliptin, alogliptin) and
programmed death-1 (PD-1) inhibitors [12—-14]. BP may
also occur after either severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection or related vaccines
[15, 16].

1.5 Pathogenesis

The development of BP is rooted in the production of
autoantibodies targeting hemidesmosomal proteins BP180
(collagen XVII) and BP230, both situated at the basement
membrane zone and crucial for the dermo-epidermal junc-
tion (DEJ) [17]. When immunotolerance is lost, detach-
ment of the DEJ occurs, leading to the formation of sub-
epidermal blisters, usually characterized by a negative
Nikolsky sign [18]. Histopathologically, the condition is
marked by a separation between the dermis and epidermis,
accompanied by infiltration of inflammatory cells, primar-
ily lymphocytes and eosinophils [19].

Disease activity correlates with the titers of circulating
BP180 NC16A immunoglobulin (Ig) G antibodies measured
by enzyme-linked immunosorbent assay [20]. Anti-BP180
IgG can be found in 95% of patients with BP, while anti-
BP230 is detected in 70% of patients with BP [21]. The
incidence of anti-BP180 IgE varies widely among patients
[22]. Anti-BP180 IgE can bind to FceRI receptors in mast
cells, leading to a crosslink with hemidesmosomal BP180 in
the DEJ, degranulation of mast cells, and histamine release,
amplifying the chemotaxis of eosinophils and neutrophils
(Fig. 1) [23]. Moreover, IgE may directly bind to the soluble
120-kd BP180 ectodomain on keratinocytes, get internal-
ized and stimulate the release of interleukin (IL)-6 and IL-8,
which both have a chemotactic effect. These two mecha-
nisms may lead to bullae formation [23].

2 Therapy

BP treatment can be very challenging as BP is a chronic
disease requiring long-term management. Glucocorticoids
are the cornerstone of BP treatment. High-dose systemic
corticosteroids are used to induce remission, followed by
gradual tapering (Table 1) [6]. However, BP is a chronic
disease and therefore frequently requires long-term use
of systemic corticosteroids, which may cause a variety of
adverse effects, such as hypertension, bone fracture, cataract,
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Fig.1 BP patients demonstrated elevated serum levels of IgE and
eosinophilia. Anti-BP180 IgE can bind to the FceRI receptors in mast
cells, leading to a crosslink with hemidesmosome, degranulation of
mast cells and histamine release, amplifying the chemotaxis of eosin-
ophils and neutrophils. Omalizumab is a monoclonal antibody against
the Ce3 domain of IgE, blocking its interaction with the specific
FceRI receptor, leading to a reduction of total IgE levels and eosino-
philia. IL-5 is a Th2 cell-induced cytokine that contributes to eosino-
philic maturation, activation and chemotactic activity. Reslizumab
and mepolizumab are both monoclonal antibodies that target IL-5.

gastrointestinal discomfort and metabolic conditions (e.g.
weight gain, hyperglycemia) [24].

Consequently, one of the key principles in the manage-
ment of BP is to reduce the patient’s exposure to systemic
glucocorticoids. Using high potency topical corticosteroids,
such as clobetasol propionate, as a topical regimen may have
similar efficacy but is often difficult to realize in the home-
setting of elderly patients [25]. Corticosteroid-sparing adju-
vant agents are prescribed when monotherapy with gluco-
corticoids is inadequate to achieve disease control or when
there is a relapse during corticosteroid tapering [25, 26].
Moreover, these drugs are considered if there are contrain-
dications to oral corticosteroids or existing comorbidities,
such as hypertension, diabetes mellitus, osteoporosis and
psychosis [27]. The choice of adjuvant agents depends on
the availability, price, practical experience of the treating

:\ IL-23 ——Tildrakizumab, Ustekinumab

IL-5 ——Reslizumab, Mepolizumab

Benralizumab, a monoclonal antibody against IL-5RA, can cause
direct apoptosis of eosinophils and basophils. IL-17 also enhances
eosinophilia. Secukinumab and ixekizumab both target IL-17A. IL-23
is an important cytokine in IgE-mediated responses, which promotes
and maintains IL-17 activity and therefore eosinophilia. Tildraki-
zumab targets IL-23. Ustekinumab is an IL-12 and IL-23 inhibitor
(targets their common p40 subunit). BP bullous pemphigoid, /L inter-
leukin, /L-5RA alpha subunit of the IL-5 receptor, /gE immunoglobu-
lin E autoantibodies targeting hemidesmosomal protein BP180 (col-
lagen XVII), Th2 type 2 helper

clinician, and the presence of specific contraindications [27].
For BP, the adjuvant agents may include (Table 1):

e azathioprine — depending on thiopurine methyltransferase
activity [28];

e doxycycline — alone or in combination with daily oral
nicotinamide [29];

e mycophenolate mofetil or mycophenolic acid [28];

¢ methotrexate — which may eventually be used as a mono-
therapy also [30, 31];

e dapsone [32];

e cyclosporin [33];

e rituximab.

However, certain patients remain irresponsive to con-
ventional therapies, highlighting a pressing demand for
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treatments with reduced adverse effects and enhanced
efficacy.

The aim of this review was to summarize and discuss the
novel targeted BP treatment options that have been devel-
oped and tested in clinical trials in recent years, based on the
complex pathophysiology of BP.

2.1 Rituximab

B lymphocytes play an important role in the pathogenesis
of autoimmune bullous diseases. They participate in several
cellular functions, including the secretion of autoantibod-
ies, activation of T cells, and production of proinflammatory
cytokines [6]. Therefore, they are considered an important
therapeutic target.

Rituximab, a chimeric IgG1 monoclonal antibody, targets
the CD20 transmembrane receptor expressed on the surface
of B lymphocytes and in the pre-plasma cell lineage. It
induces a B lymphocyte depletion and prevents the differ-
entiation of B lymphocytes into antibody-secreting plasma
cells (Fig. 2) [6]. Moreover, rituximab inhibits CD4+ T
lymphocytes and increases the number of FOXP3+ regula-
tory cells [6]. Rituximab therapy usually results in a major
reduction in circulating BP180-specific B lymphocytes, as
well as a dramatic reduction of anti-BP180 antibodies, and
decreases expression of proinflammatory IL-15 and IL-6,
leading to an improvement of BP skin manifestations [6,
34, 35].

Rituximab has the ability to significantly reduce the con-
centration of serum autoantibodies without substantially
affecting the overall antibody titers [36]. That is because
rituximab primarily acts on plasma cells producing path-
ogenic autoantibodies and not on CD20 plasma cells that
produce antimicrobial antibodies [36]. These autoreactive
plasma cells differ fundamentally from the protective antimi-
crobial plasma cells in terms of their differentiation, migra-
tion, and survival characteristics [36]. Rituximab specifically
targets short-lived autoreactive plasmablasts expressing
CD20, which represent an early stage of differentiation into
plasma cells [36]. These plasmablasts have a shorter lifespan
and higher turnover rate compared with normal, long-lived
plasma cells [36].

The current body of evidence supporting the use of rituxi-
mab in refractory BP stands at a C grade level. This evidence
is primarily derived from various study types, including
prospective and retrospective cohort studies, case-control
studies, and case series [37]. Notably, the field lacks robust,
well-designed, randomized controlled clinical trials in this
context [37]. Consequently, rituximab has gained approval
exclusively for pemphigus treatment. However, it is fre-
quently employed off-label for managing severe refractory
pemphigoid disease or for BP patients with contraindications

or poor tolerance to conventional immunosuppressive agents
[37].

Furthermore, it appears that rituximab is less efficacious
in treating BP compared with pemphigus. BP patients tend
to exhibit a lower frequency of complete response, a higher
rate of relapse, and reduced tolerance to rituximab treatment
compared with pemphigus patients [38—41]. This variance
might stem from the persistence of IgE autoantibodies or
CD20-positive plasma cells in BP, which can endure even
after rituximab intervention [42]. These lingering elements
have been associated with early relapse of blistering skin
lesions, posing a challenge to sustained therapeutic out-
comes [42]. Additionally, the role of complement in acti-
vating innate immunity may further exacerbate the immune
response in BP [43-45]. This heightened response sug-
gests that even low levels of anti-BP180 autoantibodies can
exert a profound impact, making it challenging to achieve
a response after rituximab treatment or to taper patients off
low doses of prednisolone.

The initial documentation of rituximab's application in
BP dates back to 2007 and was based on the lymphoma
protocol, involving a dosage of 375 mg/m? administered
weekly for 4 weeks [46]. The rheumatoid arthritis protocol,
which consists of two infusions of 1000 mg spaced 2 weeks
apart, has also been utilized. Presently, the optimal dosing
regimen for BP remains ambiguous. However, an escalating
number of studies are exploring the effectiveness of lower
doses (such as two infusions of 500 mg 2 weeks apart or
four weekly infusions of 500 mg), or even ultra-low doses
(100 mg administered weekly for 4 weeks) of rituximab in
the context of BP [39, 47-49].

2.2 Dupilumab

Type 2 inflammation is an immune response against para-
sites, allergens, certain viral or bacterial infections and
endogenous molecules [50]. It is predominately mediated
by group 2 innate lymphoid cells, type 2 helper (Th2) cells,
eosinophils and cytokines, such as IL-4, IL-5 and IL-13 [51,
52].

Th2 pathways are considered the primary triggers for
antibody production in BP [53]. BP patients show higher
concentrations of IL-4 and IL-13 producing CD4+ and
CD8+ T cells in their blister fluids and sera than healthy
controls [54], as well as elevated serum levels of IgE and
eosinophilia [55]. Th2 cytokines IL-4, IL-13 and IL-31 play
an important role in eosinophil chemoattraction, maturation
and activity and therefore in the induction of pruritus [56,
57]. They have been found elevated in peripheral blood and
skin lesions of BP patients [56-58] and they upregulate Th2
immunological responses that are responsible for the loss
of tolerance towards BP180 (Fig. 2) [59]. Autoreactive Th2
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Fig.2 Th2 pathways are considered the primary triggers for antibody
production in BP. Rituximab targets the CD20 transmembrane recep-
tor expressed on the surface of B-lymphocytes. It induces a B-lym-
phocyte depletion and prevents the differentiation of B-lymphocytes
into antibody-secreting plasma cells. Th2 cytokines IL-4 and IL-13
play an important role in eosinophil chemoattraction. Autoreactive
Th2 cells stimulate B-cell autoantibody production and participate
in the recruitment and activation of eosinophils. Eosinophils also
contribute to the maintenance of Th2-type inflammatory responses
by further producing IL-4, IL-5 and IL-13. IL-13 can directly stim-

cells stimulate B-cell autoantibody production and partici-
pate in the recruitment and activation of eosinophils (Fig. 2).
Eosinophils also contribute to the maintenance of Th2-type
inflammatory responses by further producing IL-4, IL-5 and
IL-13 [60]. IL-13 can directly stimulate peripheral nerve fib-
ers and indirectly recruit IL-31-secreting eosinophils to the
site of skin lesions and is therefore involved in BP-associated
itch (Fig. 2) [61].

Dupilumab, a fully human monoclonal antibody, binds
to the alpha subunit of the IL-4 receptor. This subunit is
shared by both IL-4 and IL-13, therefore dupilumab inhibits
IL-4 and IL-13 signaling [39, 62]. Hence, it downregulates
eosinophil chemotaxis, B-cell proliferation and autoantibody
production (Fig. 2) [60]. Dupilumab may further improve
pruritus in BP by directly reducing IL-13 and by indirectly
downregulating IL-31 production by eosinophils [61]. It
is approved for the treatment of moderate to severe atopic
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ulate peripheral nerve fibers and indirectly recruit IL-31-secreting
eosinophils to the site of skin lesions, and is therefore involved in BP-
associated itch. Dupilumab can inhibit IL-4 and IL-13 signaling. It
downregulates eosinophil chemotaxins and inhibits Th2-associated
chemokine activity, B-cell proliferation and autoantibody production.
Dupilumab may further improve pruritus in BP by directly reducing
IL-13 and by indirectly downregulating IL-31 production by eosin-
ophils. Nemolizumab is an anti-IL-31 receptor A antibody that can
contribute to a great reduction of pruritus. BP bullous pemphigoid, IL
interleukin, CD20 cluster of differentiation 20, Th2 type 2 helper

dermatitis and is currently being studied for many other Th2
inflammatory diseases.

In a case series involving 13 BP patients from five aca-
demic centers receiving dupilumab, 92.3% (12/13) of the
patients achieved disease clearance or satisfactory response
(defined as documented improvement noted by clinicians
and the patient's willingness to continue the medication
without reaching complete clearance) [63]. Among the
patients, 53.8% (7/13) achieved total clearance of BP, and
no adverse events were reported during the treatment [63].

In the documented case of a 72-year-old woman with
BP, dupilumab treatment not only alleviated pruritus and
improved skin lesions but also resulted in the normaliza-
tion of anti-BP180 antibodies [55]. Additionally, following
dupilumab therapy, there was a reduction in the percentages
of circulating CD4 T cells producing IL-4, IL-13, IL-17,
and IL-31 [55]. Notably, there were no significant changes
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in the proportions of interferon (IFN)-y-producing CD4 and
CD8 T cells before and after treatment [55]. These findings
suggest that the effectiveness of dupilumab may primarily be
attributed to its suppression of Th2 cytokines [55].

BP patients who receive dupilumab in combination with
conventional therapies achieve faster clinical response
and reduction of the cumulative corticosteroid dose, when
compared with those treated only with conventional thera-
pies [64, 65]. A case report indicated that combination of
omalizumab with dupilumab demonstrated high efficacy in a
patient with refractory BP [66]. Two case reports have dem-
onstrated that dupilumab is promising for the treatment of
highly refractory, rituximab-resistant or immune checkpoint
inhibitor-induced BP [67, 68]. Regarding the studies involv-
ing immune checkpoint inhibitors, a notable limitation is the
absence of discussion on the role of IL-4 blockade in tumor
immunity, giving rise to safety concerns. Consequently,
these promising results should be interpreted cautiously, as
many questions remain unanswered.

In a recent retrospective cohort study conducted by the
National Autoimmune Bullous Diseases Cooperative Group
of China, 146 patients diagnosed with BP were adminis-
tered a dosage of dupilumab 300 mg every 2 weeks, follow-
ing an initial 600 mg dose [69]. Among these patients, 127
(87.0%) attained disease control within 4 weeks, defined as
the absence of new lesions and itching, as well as the heal-
ing of existing lesions [69]. The median (interquartile range
[IQR]) time for achieving this control was 14 (7-14) days
[69]. Additionally, 52 (35.6%) patients experienced complete
remission, while 13 (8.9%) BP patients relapsed during the
observation period [69]. The most common adverse events
were infections and eosinophilia [69]. Anti-BP180 antibody
levels >50 relative units/mL, as well as female sex, were
associated with better response to treatment [69].

Dupilumab may be administered at the dosing scheme
approved for atopic dermatitis: 600 mg subcutaneously ini-
tially, followed by 300 mg subcutaneously every other week.
However, some BP patients may need a maintenance dose
more frequently than every other week, suggesting the need
for higher doses [63].

Clinical trials are needed to further confirm the efficacy
of dupilumab in patients with BP and its long-term effect.
Additionally, more studies are also required to establish the
optimal dosage and the treatment intervals for the maxi-
mal benefit. Currently, there is an ongoing phase III rand-
omized, double-blind, placebo-controlled trial for the use of
dupilumab in BP (NCT04206553) [70].

2.3 Eosinophil-Related Molecules
Eosinophil infiltration is a common characteristic in BP skin

lesions, and these cells are attracted by various chemokines
present in blister fluid, such as IL-5, eotaxin, and galectin-9

[71]. Moreover, more than 50% of untreated BP patients
exhibit elevated levels of blood eosinophils, which have
been found to be positively correlated with disease severity
and itch intensity [72-76]. Recent studies have identified
increased levels of the eotaxin receptor CCR3 and its ligand,
eotaxin, in BP, suggesting their involvement in the condition
[77-79]. Eotaxin-1 and eotaxin-3, significantly upregulated
in the serum and blister fluid of BP patients, are strongly
linked to eosinophil numbers and activation [75, 80]. Nota-
bly, eotaxin-1 has been coined as the ‘aging factor’ due to its
age-dependent rise in serum levels and its recent association
with aging and neurocognitive decline [75, 80].

BP patients with eosinophilia are typically older and often
exhibit more extensive palmoplantar involvement than oth-
ers [74]. Moreover, the levels of eosinophilic cationic pro-
tein (ECP), eosinophil-derived neurotoxin (EDN), and major
basic protein (MBP) released by eosinophils are higher in
the serum and blister fluid of BP patients compared with
healthy controls [81]. ECP and EDN can induce blister for-
mation by disrupting the detachment of keratinocytes from
the extracellular matrix [81]. Eosinophils also stimulate
the secretion of matrix metalloproteinase (MMP)-9, which
facilitates the degradation of BP180 and cleavage of the
DEJ [82-84]. Additionally, eosinophils are considered the
primary source of IL-31 in BP, a well-known pruritogen
and promoting factor for blister formation [85]. Therefore,
targeting eosinophils holds promise as a potential treatment
strategy for BP.

Bertilimumab is a humanized monoclonal antibody tar-
geting eotaxin-1 (CCL-11). By binding to this chemokine,
bertilimumab impairs eosinophil migration to the skin. Cur-
rently, it has not received approval for treating any other
conditions. However, the FDA has recently granted bertili-
mumab orphan drug designation for the treatment of BP. In
a phase II, open-label clinical trial of patients with newly
diagnosed moderate to extensive BP (NCT02226146), dis-
ease severity decreased by 81% 13 weeks after the use of
bertilimumab. Subjects received only three doses of ber-
tilimumab (on days 0, 14 and 28) [86]. The molecule was
also well tolerated, indicating that bertilimumab is a well
tolerated and efficacious treatment for BP [86]. Limitations
of this trial included lack of a control group, a small num-
ber of patients (n = 9) and a short duration of treatment (4
weeks) [86].

AKST4290 is an antagonist of the CCR3 eotaxin recep-
tor on eosinophils. In a phase II, double-blinded clinical
trial (NCT04499235), patients with BP were administered
400 mg of AKST4290 twice, in combination with mometa-
sone furoate. The treatment exhibited efficacy, resulting in
disease control [87].

Nemolizumab is an anti-IL-31 receptor A antibody that
is licensed in Japan to treat atopic dermatitis and awaits
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worldwide approval for prurigo nodularis, as it strongly
reduces pruritus (Fig. 2) [88]. Consequently, it might be
considered a potential additional medication for control-
ling pruritus in BP in the future. However, no clinical trials
have been planned thus far [22].

IL-5 is a Th2 cell-induced cytokine detected in blister
fluid of patients with BP and is present in the acute phase
of BP [56, 57]. It contributes to eosinophilic maturation,
activation and chemotactic activity by increasing CCR3
expression [61, 89, 90]. Serum IL-5 is positively cor-
related with BP disease activity, as it is associated with
blood eosinophilia and eosinophil infiltration in the skin
[91]. In other words, in the presence of BP antibodies,
IL-5 activates eosinophils which may directly contribute
to blister formation [91].

Mepolizumab is a humanized monoclonal antibody tar-
geting IL-5 (Fig. 1). It has been utilized in various clini-
cal trials for the treatment of eosinophilic granulomatosis
with polyangiitis, eosinophilic asthma, and chronic rhi-
nosinusitis with nasal polyps, showing high efficacy and
safety [92-96]. However, in a double-blind, phase II pilot
study in patients with BP (NCT01705795), there was no
significant difference in the cumulative rates of patients
who achieved and maintained disease control between the
mepolizumab (with corticosteroids) and placebo (with cor-
ticosteroids) groups, and the primary endpoint (defined
as the cumulative rate of relapse-free patients after initia-
tion of therapy) was not met [97]. However, mepolizumab
markedly lowered blood eosinophil levels [97]. The small
sample size and the short follow-up period are the major
limitations of this study.

Reslizumab is another humanized monoclonal anti-
body targeting IL-5 that has been approved for adults with
severe eosinophilic asthma [98—100]. A case report of res-
lizumab in BP reported that this monoclonal antibody can
rapidly improve bullous skin lesions, allowing tapering of
systemic corticosteroid dosage (Fig. 1) [101]. However,
re-exacerbation of skin lesions was noted upon discontinu-
ation of reslizumab, despite maintenance of cyclosporine
[101].

Benralizumab is a humanized monoclonal antibody
against IL-5Ra, which cause direct apoptosis of eosinophils
and basophils (Fig. 1) [102, 103]. A phase III, randomized
clinical trial is underway to evaluate the use of benralizumab
in the treatment of BP (NCT04612790) [104].

2.4 Omalizumab
BP patients frequently demonstrate elevated serum levels of
IgE and eosinophilia (Fig. 1) [55]. Depositions of IgE in the

basal membrane zone (BMZ) were first described in 1974
and later studies showed that IgE autoantibodies target the
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NCI16A region of BP180, which is the same region targeted
by anti-BP180 IgG [105, 106]. In vitro, anti-BP180 IgE can
cause a decline in keratinocyte adhesion and hemidesmo-
somal density, suggesting its contribution in blister forma-
tion [107].

The levels of anti-BP180 IgE are associated with dis-
ease activity, as patients with high total IgE and high anti-
BP180 IgE levels have twice the extension in body surface
area compared with patients with only anti-BP180 IgG
[108]. Indeed, the deposition of IgE in the BMZ correlates
positively to the Bullous Pemphigoid Disease Area Index
(BPDAI) score and to disease course [109]. Moreover, there
is a positive correlation between disease remission and
decrease in total IgE, anti-BP180 IgE, and anti-BP180 IgG
levels [110].

Other studies have detected anti-BP230 IgE in patients
with BP [111, 112] and their levels have been associated
with disease activity and local eosinophil infiltration [113,
114]. Additionally, anti-BP230 IgE is more common among
patients who are resistant to topical corticosteroids, being a
potential marker for systemic corticosteroid therapy [115].

Omalizumab is a high affinity monoclonal antibody
against the Ce3 domain of IgE, blocking its interaction with
the specific FceRI receptor, leading to a reduction of total
IgE levels and eosinophilia (Fig. 1) [116]. It is currently
approved for use in chronic idiopathic or spontaneous urti-
caria and asthma.

Multiple case reports have shown that omalizumab
effectively reduced the severity of BP by diminishing itch-
ing and blister counts [117-119]. Furthermore, it enabled
a reduction in corticosteroid dosage in responsive patients,
thereby mitigating the long-term complications associated
with corticosteroid therapy [117-119]. In a different case
study, a 68-year-old man diagnosed with a severe and atypi-
cal form of BP, characterized by anti-BP230 IgE and anti-
p200 IgG, was effectively treated with omalizumab [120].
In a series involving six BP patients with severe symptoms,
intense itching, and either insufficient response to systemic
corticosteroids or contraindications for them, omalizumab
(administered through subcutaneous injections of 300 mg
every 4 weeks) led to significant improvement in itching, re-
epithelialization, and enhancement in BPDAI scores [121].
The treatment was well tolerated, and no adverse effects
were reported [121].

Total IgE and eosinophils were frequently found to be
elevated at the start of therapy, with a rapid reduction of
eosinophils after therapy, and a slower, sometimes unde-
tectable, reduction in IgE (probably due to the formation
of immunocomplexes between the drug and IgEs that have
a slower clearance) [118, 120, 122, 123]. However, other
studies demonstrated no correlation between response to
omalizumab and eosinophil or IgE levels in blood [119, 121,
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124]. Indeed, omalizumab may also show efficacy in patients
without detectable serum anti-BP180/BP230 IgE [121, 125,
126]. Responders show a decrease in IgE skin deposition,
circulating IgG autoantibody levels, and basophils, suggest-
ing immune-modulatory effects beyond IgE inhibition [121,
125, 126]. After 4 weeks of omalizumab, there is a signifi-
cant reduction of IgE+ and FceRI+ cells in the dermis in
immunohistochemistry stainings [126]. That is to say, only
a subset of BP patients responds favorably to omalizumab
treatment and lesional IgE and FceRI expression might be
useful to distinguish this subset of patients who will benefit
from omalizumab therapy [126].

There are limited reports on the effectiveness of omali-
zumab in the treatment of BP. Certain studies indicate a
recurrence of BP within a few weeks of omalizumab therapy,
whereas others document complete remission of the disease
after several months [6, 125]. These discrepancies may be
linked to the fact that most patients were concurrently under-
going other immunosuppressive treatments. The timing of
disease recurrence could be influenced by whether these
other therapies were fully or partially discontinued [6].

A recent multicenter, retrospective study conducted in
France involved 100 patients with BP who were treated with
omalizumab after failing one or multiple lines of treatment
[127]. The study revealed that 77% of patients achieved
complete remission, while 9% experienced partial remission
[127]. Complete remission was more common in patients
with elevated serum baseline levels of anti-BP180-NC16A
IgE [127]. Interestingly, urticarial lesions, total IgE levels,
and eosinophil count did not serve as predictors for com-
plete remission [127]. Among those who achieved complete
remission, 11.7% maintained it without any additional ther-
apy, 57.1% required ‘minimal therapy’, and 31.2% needed
‘non-minimal therapy’ [127]. The median time to complete
remission was 3 months (with a range of 2.2-24.5 months),
and the relapse rate stood at 14% during the median follow-
up period of 12 months [127]. Adverse events were reported
in four patients [127]. It was observed that patients receiving
omalizumab dosages exceeding 300mg every 4 weeks exhib-
ited a similar final outcome [127]. However, they achieved
significantly faster control of disease activity [10 (5-30) vs.
15 (10-60) days, p < 0.001] and complete remission [2.4
(2.2-8.2) vs. 3.9 (2.3-24.5) months, p < 0.001] compared
with those on lower dosages [127].

Omalizumab has been administrated differently in various
studies, with some studies based on the asthma and some
on the chronic urticaria dosing nomogram, ranging from
375 mg every 2 weeks to 300 mg every 8 weeks [6]. Other
case reports were adjusting the dose interval according to
disease course [128, 129]. Currently there is an ongoing,
open-label, phase III, single-group trial testing the efficacy

of rituximab combined with the administration of omali-
zumab 300 mg every 2 weeks (NCT04128176) [130].

2.5 Complement System Inhibitors

Complement activation plays a crucial role in the pathogen-
esis of BP. In 90% of BP patients, C3 deposits are evident
along the DEJ, making the detection of C3 through direct
immunofluorescence (DIF) microscopy of perilesional skin
a highly valuable diagnostic marker for BP [131]. The acti-
vation of complement at the DEJ occurs due to pathogenic
autoantibodies binding to BP180, initiating and sustaining
the inflammatory process, leading to subepidermal blistering
[19]. Furthermore, complement components, including C1,
C3, C3d, P, C5, and membrane attack complex (MAC), have
been identified in the basal membrane and BP blister fluid
[132, 133]. C5a responds to IgG autoantibody deposition,
stimulating leukotriene B4, which recruits neutrophils to the
dermal-epidermal junction and triggers tissue inflammation
[134, 135]. Additionally, C3a and C5a enhance eosinophil
recruitment, activation, and extravasation [136, 137]. Studies
have shown that animals with complete deficiencies in com-
plement components C3, C4, C5, and C5aR do not develop
BP lesions when injected with pathologic autoantibodies
[138, 139].

Nomacopan (rVAS576) is a C5 and leukotriene B4
inhibitor. In a phase II, nonrandomized, controlled trial
(NCT04035733), seven of nine patients demonstrated
remarkable reduction of BPDAI and pruritus after approxi-
mately 1.5 months [140]. No serious adverse events were
reported [140]. An ongoing, randomized, double blind, pla-
cebo-controlled, phase III trial aims at enrolling 148 patients
to evaluate the efficacy of nomacopan in BP (NCT05061771)
[141]. In this study, patients will be randomized to receive
either nomacopan plus oral corticosteroids or placebo plus
oral corticosteroids for a treatment period of 24 weeks [141].
Oral corticosteroids will be tapered over the course of the
treatment if the symptoms of disease improve [141].

Avdoralimab is a specific anti-C5aR1 monoclonal anti-
body. An open-label, randomized, case-controlled, multi-
center, phase II clinical trial (NCT04563923) is enrolling
40 patients to evaluate the efficacy of avdoralimab in BP
in addition to superpotent topical corticosteroids (complete
clinical remission) compared with superpotent topical cor-
ticosteroids alone [142].

Sutimlimab (BIVV009) is a humanized 1gG4 monoclo-
nal antibody that inhibits Cls. Its safety and tolerability
have been tested in a phase I clinical trial of eight patients
with BP (NCT02502903) [143]. The trial indicated that
four weekly 60 mg/kg infusions of sutimlimab were well
tolerated (mild to moderate adverse effects, such as coryzal
symptoms) and led to the absence of C3 deposition at the
DEJ in four of five patients [143]. The limitations of this
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study include its small sample size, the short treatment dura-
tion, and the lack of overt disease activity [143].

2.6 Interleukin (IL)-17 and IL-23 Inhibitors

In previous in vitro studies, IL-17 enhanced eosinophilia
(Fig. 1) [144]. Three recent case reports have demonstrated
a successful treatment of BP with secukinumab, a monoclo-
nal anti-IL-17A antibody [145—147]. The administration of
secukinumab has been found to decrease circulating anti-
BP180 antibodies [146]. In a case report of an 85-year-old
female patient with severe BP, adjuvant secukinumab ther-
apy in addition to standard therapy with prednisolone led to
a long lasting and complete remission [145]. One constraint
of this observation is that the utilization of secukinumab was
accompanied by standard therapy for BP, making it difficult
to arrive at a definitive assessment of the effectiveness of
secukinumab [145]. Additionally, there is a reported instance
of BP emergence subsequent to psoriasis treatment involving
secukinumab [148].

Ixekizumab, another anti-IL-17A monoclonal antibody
has been shown to induce clinical remission of BP in a
patient with concurrent psoriasis [149]. However, in an
open-label, phase II trial, ixekizumab failed to reach the pri-
mary endpoint (cessation of blisters) in four BP participants
who were enrolled and analyzed (NCT03099538) [150].

IL-23 is an important cytokine in IgE-mediated
responses, which promotes and maintains IL-17 activity
and therefore eosinophilia [151, 152]. However, eosinophil
count has also been found to be negatively associated with
IL-23 levels in BP [153]. IL-23 additionally upregulates the
secretion of MMP-9 along the DEJ, leading to blister for-
mation [154]. Additionally, both IL-23 and IL-17 can help
identify BP patients at risk of future relapse upon corticos-
teroid therapy [154].

An early open-label, phase I pilot study evaluated the
role of tildrakizumab (an anti-IL-23 antibody) in the treat-
ment of BP (Fig. 1) [NCT04465292] [155]. In a recent case
study, a 71-year-old male patient with psoriasis and concur-
rent BP had been treated with mycophenolate mofetil at a
dosage of 500 mg daily and prednisone at a dosage of 10 mg
every other day [156]. Notably, the patient's BP had been
well-managed, with no eruptions for the past 2 years; how-
ever, he was unable to discontinue the use of corticosteroids
[156]. Mycophenolate was discontinued and the patient was
started on cyclosporine at a daily dose of 250 mg, leading to
the resolution of his lesions over several weeks [156]. The
prednisone was gradually tapered off. The patient's condi-
tion remained stable as cyclosporine was slowly reduced
and eventually discontinued, after which he was initiated on
tildrakizumab [156]. He experienced a moderate psoriasis
flare a few weeks after discontinuing cyclosporine, which
was resolved with a brief 3-week cyclosporine taper [156].
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Following his second tildrakizumab injection, the patient
has remained in remission for both conditions [156]. It is
worth noting that he had a mild BP lesion flare 6 months into
tildrakizumab treatment, which spontaneously resolved after
1-2 weeks without any intervention [156].

Ustekinumab is an IL-12 and IL-23 inhibitor (targets
their common p40 subunit) that is approved for psoriasis,
psoriatic arthritis (PsA) and Crohn’s disease. A case report
of a patient with BP and psoriasis demonstrated clearing
of both diseases after treatment with ustekinumab [157,
158]. Other reports suggest that ustekinumab is a culprit
for drug-induced BP (Fig. 1) [159, 160]. A currently ongo-
ing phase II, open-label study is evaluating the efficacy and
safety profile of ustekinumab as an adjuvant treatment to
topical superpotent steroids in BP (NCT04117932) [161].
In a recent case report, a 68-year-old female with BP and
concomitant psoriasis with PsA was receiving prednisolone
15 mg daily, narrow-band UV-B light (NBUVB) therapy,
and once weekly doxycycline and niacinamide [156]. Pre-
vious attempts with topical corticosteroids for her BP had
been ineffective. Ustekinumab at a dose of 45 mg on days
1 and 14 was initiated, followed by once every 3 months
[156]. Doxycycline was continued at 100 mg daily, while
niacinamide was discontinued due to gastrointestinal prob-
lems [156]. Prednisone was gradually tapered, and NBUVB
therapy was stopped [156]. The patient remained in remis-
sion from BP and had excellent control of her PsA for about
2 years without corticosteroids [156]. However, due to issues
with her health insurance, there was a delay in receiving
her ustekinumab dose [156]. Consequently, she experienced
a flare-up of her BP and PsA 4 weeks after missing her
dose, despite continuing doxycycline [156]. Upon resum-
ing ustekinumab, she reported rapid relief of her symptoms
without requiring additional treatments [156]. Since then,
she has consistently taken ustekinumab and doxycycline, and
her conditions have remained well-managed [156].

2.7 Neonatal Fc Receptor Antagonists

The neonatal Fc receptor (FcRn) plays a key role in homeo-
stasis and in prolonging the lifespan of IgG [162, 163]. The
formation of IgG-FcRn complexes prevents degradation
and allows recycling and release of IgG [164]. Targeting
the FcRn may offer a novel therapeutic opportunity for many
autoimmune diseases, leading to reduced overall IgG and
pathological autoantibody levels.

Efgartigimod is an 1gG1-derived Fc-fragment that binds
to FcRN and enhances the degradation of pathogenic IgG.
There is a current international phase III study underway
to assess the efficacy, safety, and tolerability of efgartigi-
mod PH20 in BP (NCT05267600) [165]. The agent will be
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administered via subcutaneous injections in adult partici-
pants with moderate to severe BP [165].

2.8 Topical Therapy

The inflammasome, an innate immune signaling complex,
has an important role in many inflammatory and autoim-
mune diseases. It has been demonstrated that mRNA levels
of the nucleotide-binding domain, leucin-rich family protein
3 (NLRP3) inflammasome components (the NLRP3, pro-
caspase-1 and pro-IL-18 axis) were significantly upregulated
in peripheral blood mononuclear cells from BP patients,
when compared with those from healthy controls, and were
also positively correlated with disease activity [166]. AC-
203 is a topical formulation of an oral modulator of inflam-
masome and IL-1p pathways. There is a randomized, open-
label, controlled trial designed to test the safety, tolerability,
efficacy, and pharmacokinetics of AC-203 ointment in sub-
jects with BP in comparison with a topical corticosteroid
representing standard of care (NCT03286582) [167].

Another phase III study (NCT05594472) was designed
to assess the disinfectant and healing-promoting effect of
ozonated olive oil in the treatment of BP and pemphigus
vulgaris in comparison with treatment with topical antibiot-
ics [168].

2.9 Janus Kinase Inhibition

Janus kinase (JAK) inhibitors are presently employed in
the treatment of conditions such as rheumatoid arthritis
and atopic dermatitis, and they hold promise for managing
various other inflammatory skin conditions. However, their
application in autoimmune bullous diseases has not been
extensively explored.

In a recent case report, an §1-year-old woman diagnosed
with BP showed inadequate response to prednisone treat-
ment [169]. She was subsequently prescribed upadacitinib, a
JAK inhibitor, at a daily dose of 15 mg. Her prednisone dos-
age was gradually reduced over 20 days. During her 2-month
follow-up appointment, she had been off prednisolone for
more than a month and was solely taking upadacitinib,
achieving complete disease remission [169]. Since starting
upadacitinib, the patient did not experience any new blister
formations, and her itch had completely resolved [169]. A
follow-up evaluation 3 months later (after 5 months of taking
upadacitinib) demonstrated the continued effectiveness of
the treatment, with no disease recurrence or flares. Impor-
tantly, the patient tolerated the medication well, experienc-
ing no adverse events [169].

A recent case study featured an 83-year-old Chinese man
who had a severe form of BP along with plaque psoriasis
[170]. Considering his underlying health conditions, includ-
ing stage III hypertension, and the risk of serious adverse

effects associated with systemic corticosteroid treatment,
he was prescribed oral baricitinib, another JAK inhibitor,
at a daily dose of 4 mg [170]. Remarkably, after 12 weeks
of treatment, there was a significant improvement in both
skin lesions and itching [170]. At the 24-week follow-up, the
patient achieved complete remission of both his bullous and
psoriatic lesions without experiencing any adverse effects
[170].

A different case study highlighted a 33-year-old man
diagnosed with BP and concurrent psoriasis vulgaris who
was treated with tofacitinib, a JAK inhibitor [171]. The
report suggested that tofacitinib could potentially serve as a
well-tolerated and effective treatment choice for individuals
dealing with both BP and psoriasis [171].

3 Conclusions

The complex pathophysiology of BP indicates that the
antibody-antigen binding activates simultaneously differ-
ent molecular pathways, rather than a single cascade [172].
Recent studies have shed light on the important role of type
2 immunity (B cells, eosinophil-related molecules, IgE) and
innate immunity (complement factors), indicating many new
potential therapeutic targets (Table 1). Furthermore, a com-
bination of different targeted therapies may be a promising
way to reduce cumulative exposure to systemic corticos-
teroids [172]. For example, a combination of rituximab/
dupilumab might effectively target the T-/B-cell crosstalk
that leads to loss of tolerance against BP autoantigens [172].
On the other hand, a combination of anti-complement drugs
and eosinophil-targeting therapies might be the most suit-
able way to block the effector phase of BP inflammation and
pruritus [172].

The number of available therapeutic options is rapidly
increasing, allowing us to move past the era of high-dose
systemic corticosteroids or corticosteroid-sparing agents
for the treatment of BP (Table 1). Further research is war-
ranted to identify clinical (e.g. bullous vs. non-bullous phe-
notypes, pruritus intensity), laboratory (e.g. neutrophil-rich
vs. eosinophil-rich infiltrates at histopathology, intensity
of complement deposition at DIF), serum (e.g. IgG vs. IgE
anti-BP180/BP230 antibodies) and molecular (e.g. cytokine
concentration) biomarkers for therapy response and therapy
selection [172].

Furthermore, there exists a significant imperative for
meticulously planned clinical trials to be executed, aiming
to shed more light on the effectiveness of emerging targeted
therapies. The forthcoming research objective must revolve
around crafting precise targeted treatments, preferably as
standalone therapies, or in conjunction with minimal cumu-
lative doses of systemic corticosteroids. This strategy aims
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to attain rapid remission, minimizing instances of relapse
and reducing the extent of immunosuppression. This under-
taking is of great importance in order to help patients find a
relief from this very disabling ailment.
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