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Abstract: Bullous pemphigoid (BP) is a rare, chronic antibody-mediated autoimmune blistering disease
primarily affecting the elderly, with an age of onset over 60. Current treatment options are limited
and involve the use of corticosteroids and immunosuppressants, but their long-term use is associated
with significant morbidity and mortality. In Japan, human intravenous immunoglobin is approved for
the treatment of corticosteroid-refractory BP. However, no treatment option is approved by the Food
and Drug Administration for the management of BP. Therefore, developing effective therapies free of
debilitating side effects is imperative. In this review, we summarize the main immunologic pathways
involved in the pathogenesis of BP, with an emphasis on the role of eosinophils, immunoglobulins,
cytokines such as the interleukin (IL)-4 and IL-5, and complements. We further discuss the latest
advances with novel therapeutic targets tested for the management of BP. Ongoing efforts are needed
to run well-designed controlled trials and test the efficacy and safety of investigational drugs while
providing much-needed access to these medications for refractory patients who will not otherwise be
able to afford them as off-label prescriptions.
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1. Introduction

Bullous pemphigoid (BP) is a chronic antibody-mediated autoimmune blistering dis-
ease which occurs at an estimated annual incidence of 6–22 newly identified cases per
million of the population, and primarily affects the elderly, with an age of onset over
60 [1–5]. Other significant risk factors for BP include a large group of drugs, as well as neu-
rological/psychiatric comorbidities [6]. Drug-induced/associated BP is especially on the
rise, with a variety of systemic agents among the common culprits. These include diuretics
(e.g., furosemide, bumetanide, spironolactone), analgesics, D-penicillamine, antibiotics (e.g.,
amoxicillin, ciprofloxacin), psycholeptics (phenothiazine), potassium iodide, captopril, tu-
mor necrosis factor (TNF) inhibitors, and the antidiabetic agents metformin and dipeptidyl
peptidase-4 inhibitors (DPP-4is) such as vildagliptin, sildagliptin, saxagliptin, linagliptin,
alogliptin [7]. Of note, long latency may suggest that certain BPs are drug-triggered (i.e.,
they initiate BP immunologically, but removing the drug does not help with controlling the
disease). This is in contrast to true drug-induced skin disease, where removing the drug
leads to the resolution of the disease [8].

Classic BP is characterized by tense subepidermal bullae, often along with eczematous
or urticarial plaques and predominantly affects the trunk and flexural surfaces. However,
atypical clinical variants still account for 20% of all patients, including only urticarial
plaques or nonspecific skin findings [9]. The BP bullae are commonly preceded by a
prodrome of pruritus [10], and this might be the sole BP presentation in select patients.
Oral mucosa involvement is seen in up to one-fifth of the cases [11].
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Current treatment methods are limited and rely on nonspecific anti-inflammatory and
immunosuppressive therapies. The choice of treatment depends on the body surface area
(BSA) involvement [6], with super-potent topical corticosteroids (40 g/day tapered over
12 months, or 10–30 g/day tapered over four months), which are equally effective but
safer than systemic corticosteroids [12–15], and therefore recommended as the first-line for
management of mild-to-moderate disease (up to 25% of total BSA involvement). Given
the challenging practicality of daily ointment tube administration to deliver high doses of
steroids [16], immunomodulator or non-immunosuppressant options such as doxycycline
with or without niacinamide, represent an alternative option in select cases of localized,
noninvasive BP [17]. Doxycycline has been proven to be non-inferior to prednisone for
blister control in the short term, and safer in the long-term [17,18]. For severe BP (25–50%
of total BSA involvement, or significant discomfort), systemic corticosteroids with a dose
of 0.5 mg/kg/day (and up to 0.75 mg/kg/day in select refractory patients) is the treatment
of choice [12]. The transition from induction to maintenance therapy typically takes up
to four to six weeks of gradually tapered steroid doses. These treatments notably result
in debilitating side effects, with significant morbidity/mortality in the elderly patients.
The most effective adjuvant agents for refractory cases include mycophenolate mofetil, the
combination of tetracycline and niacinamide, azathioprine, methotrexate, dapsone, and
biologics such as rituximab, omalizumab, and dupilumab [19–21]. First-line combination
therapy with rituximab and corticosteroids significantly improves complete remission
rates along with reducing the cumulative dose of steroids without increasing the rate of
complications [21]. Intravenous immunoglobin (IVIG), mainly comprised of IgG1 and IgG2,
provides an alternative, safe and effective treatment for treatment-resistant BP patients.
In Japan, human intravenous immunoglobin is the approved treatment for corticosteroid-
refractory BP [22]. Rather surprisingly, no treatment is currently approved by the Food and
Drug Administration (FDA) for BP.

2. Immunologic Pathways in BP

The pathogenesis of BP involves the combination of a predominantly humoral immune
response against two well-established self-antigens, as well as some contributions from
cellular immunity resulting in the characteristic tense blister formation [23]. The T-helper
(Th)-2 pathway has been identified as the primary driver of antibody production in BP [24].
The self-antigens include BP antigen 180 (BP180, also called BPAG2 or type XVII collagen)
and BP antigen 230 (BP230, also called epithelial isoform of BPAG1, BPAG1e). The presence
of BP180-directed IgG is almost universal among patients with BP. In one study, it was
found in 95% of patients with BP compared to the presence of BP230-targeted IgG in 70%
of the same patient group [25]. IgG1 anti-BP180 was found as the most frequent subtype
of IgG at 87%, and IgG4 anti-BP180 as the least frequent at 68% [25]. By comparison, IgE
anti-BP180 and anti-BP230 antibodies were equally detected in only 22% of the same BP
serum samples [25]. However, IgE antibodies may be detected in up to 77% of the cases [26].
The presence of IgA in addition to IgG auto-antibodies against BP180 (or less commonly,
BP230) identifies the diagnosis of a mixed disease with features of both BP and linear
immunoglobulin A bullous dermatosis (LABD). It has been suggested that the relative
proportion of IgA and IgG antibodies correlate with the progression along one of the BP or
LABD spectrums [27].

2.1. Role of IL-4

In parallel with the antibody response, the enhanced release of Th2-induced cytokines
such as interleukin (IL)-4, IL-5, IL-6, IL-10, and IL-13 have been observed in the serum, skin
biopsies, and blister fluid of patients with BP [28]. IL-4 is particularly essential in driving
the Th2 response (i.e., autoantibody production) by switching B cell production to the IgE
isotype and suppressing Th1 and Th17 differentiation [29]. One study showed that IL-4 has
the highest association with BP of all cytokine responses [30]. Therefore, targeting IL-4 and
its receptor (e.g., IL-4Rα subunit) has been proposed as theoretical drug targets for BP and
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other cutaneous autoimmune bullous diseases such as mucous membrane pemphigoid and
pemphigus vulgaris [31].

2.2. Role of IL-5

IL-5 is the cytokine that promotes eosinophil growth. IL-5 functions as a major
eosinophil chemoattractant and is important for their maturation and functional activity.
Similar to IL-4, IL-5 is a Th2-induced cytokine detected in the skin lesions of patients with
BP and characterizes the acute phase of BP, along with low levels of interferon-γ [32,33].
Th2 polarization may then in turn be perpetuated by the eosinophilic production of IL-4,
IL-5, and IL-13 [34]. Furthermore, serum IL-5 has shown positive correlation with BP
disease activity [35].

2.3. Role of IL-12/23

Elevated levels of IL-12 and IL-23 have been detected in blister fluids of BP patients [36].
In addition, IL-23 upregulates the secretion of the matrix metalloproteinase (MMP)-9, a
major player of BP along the dermal-epidermal junction (DEJ) [36]. It has been shown
that both IL-17 and IL-23 help with the identification of BP patients at risk of future
relapse upon steroid therapy [36]. The ex vivo production of neutrophil-derived DNA
extracellular traps, an important part of the pathogenesis of several autoimmune disorders,
were stimulated during complementation of IL-23 during the relapse and post-treatment
phases of BP [37]. Therefore, the uncontrollable inflammatory milieus secondary to the high
levels of these molecules have prompted researchers to postulate their potential importance
as novel biological targets for BP. Ustekinumab (anti-IL-12/23) is an FDA-approved agent
for psoriasis, psoriatic arthritis and Crohn’s disease, and there have been recent studies
looking into its potential efficacy for BP. However, there have been several concerning
reports of paradoxical BP during ustekinumab therapy in psoriasis [38–40], necessitating
careful studying and close dose monitoring implementation prior to manipulating the
IL-12/23 pathway in BP in order to avoid disease exacerbation.

2.4. Role of IL-13

IL-13 is another crucial cytokine in the Th2 response, and shares many features with
IL-4. Both cytokines are produced by Th2 cells, granulocytes, and monocytes/macrophages,
and amplify IgE production by plasma cells [41,42]. They further share a common receptor
subunit in IL-4Rα, and intracellular signaling molecules. Considering the ubiquitous
presence of IL-4Rα in the body, every human cell has the potential to respond to IL-4 and
IL-13 stimulatory signals [42]. Carrying a polymorphic genotype of the IL-13R C-allele
(rs1800925) has been shown to protect against the development of BP, compared to the wild
genotype of the same allele [28]. This suggests a potential to develop therapeutic strategies
interfering specifically with the function of the IL-13 signaling pathway, an integral part in
the pathogenesis of eosinophilic inflammatory disorders, including BP.

2.5. Role of IgE and Eosinophils

Anti-BP180 NC16A IgE and eosinophils can induce subepidermal blisters in mice [43].
However, this is not necessarily observed in humans. In patients, the ELISA-measured
anti-BP180 NC16A IgE has been shown to correlate with BP clinical activity [44]. In a case-
control setting, anti-BP180 NC16A serum IgE levels correlated with BP Disease Activity
Index (BPDAI) scores, but both anti-BP180 NC16A IgE and IgG showed no association with
urticarial or erythematous lesions [45]. However, the presence of anti-BP180 NC16A IgG
correlated with the presence of erosions and blisters [45], consistent with the blocking of
blister formation imposed by FcγR inhibition [43]. Nevertheless, the addition of anti-BP180
IgE to IgG anti-BP180 ELISA in the diagnostic assay increased diagnostic sensitivity by
only 2.2% [45]. Considering the pathogenic role of anti-BP180 NC16A IgE in BP (correlation
with BPDAI), its potential to guide therapy (e.g., to start omalizumab in BP patients with
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elevated IgE), and potential in helping to monitor response to treatment, its measurement
may still be warranted in the management of BP.

Activated eosinophils (CD69+) provide another stimulus for BP pathogenesis, and
their contribution is mediated via several different pathways [46]. Almost half of patients
with BP have eosinophilia [47], with high serum levels of eosinophil cationic protein (ECP).
Serum concentrations of ECP correlate with BP disease activity as well as IL-5 levels, a
key cytokine linked with BP pathogenesis [48,49]. Other mechanisms include the role of
proteinases, such as MMP-9, and neutrophil elastase in degrading BP180 and the subsequent
cleavage of the DEJ [50]. TNF-α has been identified as a potent stimulator of pro-MMP-9
release [51]. Eosinophil granule proteins have also been detected in serum and blister
fluids of BP patients [46]. Of note, they have been demonstrated in fully mature as well
as early-stage and urticarial BP lesions, suggesting their importance as a potential marker
of subclinical disease [52]. In addition, eosinophil production of network-like structures
comprised of DNA, granule proteins, and nuclear proteins (i.e., eosinophil extracellular
traps [EET]) have been suggested to accelerate the splitting of the DEJ [53]. Although this
has been confirmed after reduced DEJ separation following the addition of DNase [54], the
exact mechanism of EET-contributed DEJ separation remains unclear.

Eotaxin and monocyte chemoattractant protein (MCP)-4 are chemokines with signifi-
cant roles in the selective recruitment of Th2 effector cells and eosinophils to BP-associated
inflammatory sites, where they are detected in high levels within both tissue and blister
fluids [55]. Eotaxin-1 and eotaxin-3 in particular, are highly upregulated in the serum and
blister fluid of BP patients [56], and significantly associated with eosinophil numbers and
activation [57]. In addition, eotaxin-1 is capable of binding to the CCR3 chemoreceptor
expressed on eosinophils, resulting in eosinophil chemotaxis [57]. Therefore, eotaxin-1 and
eotaxin-3 are implicated in BP development and their levels appear to be useful to monitor
disease activity. Accordingly, their blockade could provide potentially novel treatment
targets in BP [56,58].

2.6. Role of Complement

Various mediators of the complement immune system have been implicated in the
etiology of BP. Elevated C5a and leukotriene B4 (LTB4) levels have been detected in the
blister fluid of BP patients, and membrane attack complex (MAC, C5b9) was shown to
be deposited along their DEJ [59–62]. Animal models with several deficient complement
pathways (e.g., C3−/−, C4−/−, C5−/−, C5aR−/−) fail to develop characteristic BP lesions
and blisters following injection with pathogenic autoantibodies [63–66]. Mutations in the
C1q-binding sites of pathogenic BP autoantibodies renders them ineffective, suggesting
the significant involvement of the classical complement pathway in BP [64]. It has been
suggested that recombinant CD55/CD46 fusion protein is capable of inhibiting antibody-
mediated complement activation at the outset of the classical complement pathway, provid-
ing new insights into the proposed complement-targeted treatment of BP [67]. On the other
hand, cases of IgG4-dominant BP without C3 deposition have been reported, suggesting
that IgG4 alone can mediate blister formation in such patients [68].

2.7. Drug-Related/Induced BP

There are a few key differences in terms of immunologic pathways involved in the
pathogenesis of idiopathic BP compared to the drug-induced BP described in the literature.
A higher proportion of non-inflammatory phenotypes (BPDAI: erythema/urticaria <10),
low number of infiltrated lesional eosinophils and negative/low titers of anti-BP180 NC16A
Ab has been found in Japanese patients with DPP-4i-induced BP who were mostly carrying
the HLA-DQB1*03:01 allele [69,70]. By comparison, European studies have found no
significant differences among these variables in the DPP-4i-induced BP and idiopathic
BP [71].

Mechanistically, it has been shown that the inhibition of plasmin by DPP-4i reduces
the degradation of the NC16A BP180 domain and may cause the breakdown of tolerance.
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DPP-4i has off-target effects on intracellular DPP-8 and DPP-9, whose inhibition activates
NLRP1β and procaspase-1 [72].

3. Conventional Therapies

Among non-immunosuppressants, the combination of tetracyclines and niacinamide
is particularly useful in the treatment of mild-to-moderate BP. Tetracyclines (dosed 0.5–2 g
per day for tetracycline and 200–300 mg per day for doxycycline) dampen chemotaxis
of neutrophils and eosinophils along with halting the enzymatic destruction caused by
the MMPs. Niacinamide (dosed at 0.5–2.5 g per day) is thought to behave as an electron
scavenger/phosphodiesterase inhibitor, ultimately stimulating the conversion of trypto-
phan to serotonin [73]. Dapsone is another non-immunosuppressant option shown to
inhibit neutrophilic binding to the vascular endothelium, with the end result of decreased
neutrophilic chemotaxis and activity by its enzyme, myeloperoxidase.

In the case of refractory BP, where treatment with topical or systemic steroids and/or
conventional non-steroid immunosuppressants are ineffective, additional immunosup-
pressive therapy may be needed for steroid-sparing effects. These include mycophenolate
mofetil, azathioprine, or methotrexate. Mycophenolate inhibits DNA synthesis of nu-
cleotides and is used in a similar fashion to azathioprine for treating BP, with similar
efficacy results, although with a better safety profile [74]. Azathioprine is a derivative of 6-
mercaptopurine, with dual anti-inflammatory and immunosuppressive effects. Methotrex-
ate is a cytotoxic folic acid analog resulting in the inhibition of the dihydrofolate reductase
enzyme, and possesses additional anti-inflammatory properties [75]. It should be noted that
all conventional therapies carry significant risks associated with their use, including but not
limited to hepatotoxicity, myelosuppression, cardiopulmonary toxicities, gastrointestinal
discomforts, oral ulcers, idiosyncratic hypersensitivity, and secondary malignancies [76].

4. Targeted Therapies

Dupilumab is a fully human monoclonal antibody that binds the IL-4Rα subunit. By
binding this receptor, it blocks IL-4 and IL-13 signaling crucial to the type 2 inflammatory
pathway. Dupilumab also inhibits the secretion of IL-31, a mediator of itch, by eosinophils.
The medication was FDA-approved for atopic dermatitis in 2017 and is currently being
studied in a number of diseases that involve the type 2 inflammatory pathway, including
BP [77]. In 2018, the first successful case of dupilumab monotherapy for the treatment of
refractory BP was reported [78]. Other case reports and series have shown promising results
for the use of dupilumab in BP [78,79]. Abdat et al. retrospectively reviewed 13 patients
between five sites treated with dupilumab. Seven patients achieved complete disease
clearance and an additional five had disease control, with one patient not responding [80].
The medication was well tolerated with no adverse events (AEs) in this case series, with
similar safety results published in dupilumab clinical trials and cohorts for other conditions,
including in patients with moderate to severe disease [81]. Dupilumab relieves refractory
itching not controlled by omalizumab [79]. There is currently a phase 2/3 randomized
double-blind placebo-controlled trial for dupilumab use in BP underway (NCT04206553).

IL-5 is a proposed therapeutic target in BP, though there is limited published clinical
data regarding related therapies. Mepolizumab is a humanized IgG1 kappa monoclonal
antibody against IL-5 with FDA approval to treat asthma that was previously studied in
BP [82]. In a phase 2 double-blind pilot study, mepolizumab failed to reach its primary
endpoint in BP, and has not been investigated further. The high number of AEs were
mostly related to the advanced age of patients and none were attributed to mepolizumab.
This trial was limited by a small sample size (30 randomized subjects) and short duration
of treatment (12 weeks) [83]. Benralizumab is another asthma medication with a similar
therapeutic target, though this humanized IgG1 κmonoclonal antibody binds the IL-5Rα
subunit on eosinophils and basophils, blocking their maturation and differentiation [84].
There have been no published studies in BP, though there is currently a phase 3 clinical trial
underway (NCT04612790).
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Omalizumab is a recombinant humanized IgG1 monoclonal antibody that blocks the
binding of IgE to FcεRI receptors, and is currently FDA approved for asthma [85]. Because
IgE autoantibodies are present in BP lesions, it is hypothesized that omalizumab interferes
with the interactions of these autoantibodies with eosinophils and mast cells [85,86]. This
treatment has been explored in case reports and series and was shown to be effective,
particularly in patients with high IgE and eosinophil levels [85,87,88]. Yu et al. showed that
five of six patients responded positively with no reported AE. Omalizumab was sufficient
as a monotherapy in three of these patients [85]. Complete clearance was seen in six of
11 patients with refractory BP, and a partial response was seen in three others [89]. To date,
no randomized placebo-controlled clinical trials have been conducted for omalizumab in BP.
However, an open-label, single-group design, phase 3 clinical trial is currently underway to
explore the safety and efficacy of omalizumab plus rituximab in the treatment of moderate-
to-severe refractory BP (NCT04128176). In this trial, intravenous infusions of rituximab
1000 mg will be administered six months after the patient’s initial cycle of rituximab. In
addition, omalizumab 300 mg will be injected subcutaneously every two weeks starting at
baseline until week 52.

Another therapy studied in BP with some promise is bertilimumab, a fully human mon-
oclonal antibody targeting eotaxin-1 (CCL-11). By binding this chemokine, the molecule
impairs eosinophil migration to the skin, which is actively involved in BP lesions. A phase
2 open label study of nine patients met its primary and secondary endpoints in BP. Bertil-
imumab was well tolerated with a single serious AE unrelated to the drug. Limitations
of this trial included lack of a control group, a small number of patients (n = 9), and a
short duration of treatment (4 weeks) [90]. Following this study, the FDA granted Immune
Pharmaceuticals fast track designation for bertilimumab to be studied in BP [91]. Further
studies were never initiated as the company developing the molecule filed for bankruptcy
in 2019 [92].

Ustekinumab is an IL-12 and IL-23 inhibitor that targets their shared p40 subunit and
is currently FDA-approved for psoriasis, psoriatic arthritis, and Crohn’s disease. There is
limited data available describing its role in BP, and the few cases published have mixed
results. There are two case reports published of patients with bullous disease and psoriasis,
one with BP and one with antilaminin-γ1 pemphigoid, reporting clearance of both diseases
following treatment with ustekinumab [93,94]. Conversely, there are case reports in the
literature that suggest ustekinumab as a culprit for drug-induced BP [38,40]. Despite
these seemingly conflicting reports, there is currently an ongoing phase 2 open label study
evaluating the efficacy and safety of ustekinumab as an adjuvant to the topical superpotent
steroids in BP (NCT04117932).

Tildrakizumab, which targets the p19 subunit of IL-23, is FDA approved for the
treatment of adult plaque psoriasis [95]. An open-label, single-arm phase 1 clinical trial
(NCT04465292) is planning to enroll 16 patients to determine the efficacy of tildrakizumab
for BP.

Sutimlimab (BIVV009, previously called TNT009) is a humanized IgG4 monoclonal
antibody that inhibits C1s, a serine protease necessary for the dissemination of the clas-
sical complement pathway. By binding C1s, sutimlimab is hypothesized to disrupt the
complement pathway involved in the chemoattraction of leukocytes in BP [96–98]. A first-
in-human open-label phase 1 trial in 10 patients with active or past BP (NCT02502903) found
that sutimlimab was both safe and tolerable, with common cold, fatigue, and headache be-
ing the most common AEs. Mild-to-moderate AEs comprised >97% of all AEs, although an
84-year-old patient died of cardiac decompensation. In this trial, sutimlimab inhibited the
classical complement pathway in all patients. C3c deposition along the DEJ was partially or
completely abrogated in four of five patients. Interestingly, C3c deposition recurred in three
of four patients tested following washout of sutimlimab. [98]. Considering the promising
results of the phase I study, FDA designated sutimlimab as an orphan drug for BP in 2017 to
promote future clinical investigations [99]. A prospective, double-blind, placebo controlled,
phase 1 clinical trial (NCT02502903) with a larger sample size continues enrollment.
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Avdoralimab is a specific antibody against C5aR1, a component of the complement
pathway previously shown to mediate pathogenic properties of anti-BP180 IgG. Conversely,
C5aR2 has a protective effect against the development of BP [100]. An open-label, random-
ized, parallel group phase 2 clinical trial (NCT04563923) is expected to enroll 40 patients to
evaluate the efficacy of avdoralimab as an adjuvant to the superpotent topical steroids for
the treatment of BP.

Several ongoing studies are further investigating potential therapeutics capable of
targeting dual prostaglandin and complement pathways. Data from KO mouse models
and preclinical drug intervention programs support a causal role for C5a and LTB4 in
the pathogenesis of BP [59,101,102]. In accordance with these observations, nomacopan
(previously rVA576, coversin) is a second generation complement inhibitor which has
activity against both C5, part of the MAC, and LTB4. In a recently completed phase 2
open label trial (NCT04035733), seven of nine patients responded to nomacopan, with
no treatment-related AEs and results promising rapid control and minimizing the need
for steroids in BP. The trial was limited by lack of a control group, the short duration of
treatment (six weeks), inclusion of only mild-to-moderate BP at baseline (BPDAI of 10 to
56), and the exclusion of chronic, refractory BP patients [103]. Based on these results, the
FDA granted a fast-track designation to nomacopan for the treatment of BP, and a phase 3
placebo-controlled trial is currently being planned [104]. This along with other targeted
therapies are summarized in Table 1.

Table 1. Targeted therapies currently under investigation for use in BP.

Therapeutic Target Medication Phase of Study

IL4 Dupilumab Phase 2/3 underway

IgE Omalizumab Previous case series

IL5
Mepolizumab Failed phase 2 completed

Benralizumab Phase 3 underway

Eotaxin-1 Bertilimumab Positive phase 2 completed

IL12/IL23 Ustekinumab Phase 2 underway

IL-23 Tildrakizumab Phase 1 underway

C1s Sutimlimab Positive phase 1 completed

C5aR1 Avdoralimab Phase 2 underway

C5/LTB4 Nomacopan Positive phase 2 completed

While some of the treatments covered here are available off-label for patients in need,
others are still under development as investigational drugs and not widely accessible. Even
the treatments available on the market are often cost-prohibitive if prescribed off-label.
For this reason, clinical trials in BP are essential to increase access to treatments for these
patients. Designing these trials presents a challenge as the disease is rare, and choosing
appropriate endpoints can be difficult. Most trials are designed as add-on therapy vs.
placebo in addition to oral corticosteroids, and it can be difficult to measure the response to
a drug while attempting to standardize a corticosteroid taper in the background. These
issues may have played a role in the failed mepolizumab trial, as 30 patients is a small
number to see significant change, and the primary endpoint at 12 weeks may have been
too short to see a difference with corticosteroids working in the background [83].

5. Conclusions

The growing understanding of BP on a cellular level has opened the door for the study
of targeted therapies in this disease. Specifically, the roles of eosinophils and cytokines
such as IL-4 and IL-5 have been discovered and explored as potential therapeutic targets.
As currently available treatments generally involve corticosteroids and broad immunosup-
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pression, there is potential that these newer therapies with specific molecular targets will
have greater efficacy without such debilitating side effects. In addition to the development
of new therapies, there is a large need for well-designed clinical trials to be conducted that
will properly assess the efficacy of these therapies. These new therapies, along with their
controlled study in clinical trials, will be essential in providing patients with relief for this
debilitating disease.
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