
NOWAK, Julia, NAJDEK, Agnieszka, OLEKSY, Daria, KOMADA, Dawid, KACZMARSKA, Urszula, WOŹNIAK, Aleksandra, 
CIOCH, Michał Jakub, MYCYK, Marcin, HERMANOWICZ, Kamil and DOMAN, Katarzyna. Reviewing the current treatment 
approaches for bullous pemphigoid – analysis of literature. Journal of Education, Health and Sport. 2025;78:57666 eISSN 2391-8306. 
https://doi.org/10.12775/JEHS.2025.78.57666 
https://apcz.umk.pl/JEHS/article/view/57666 
 
 
 
 
 
The journal has had 40 points in Minister of Science and Higher Education of Poland parametric evaluation. Annex to the announcement of 
the Minister of Education and Science of 05.01.2024 No. 32318. Has a Journal's Unique Identifier: 201159. Scientific disciplines assigned: 
Physical culture sciences (Field of medical and health sciences); Health Sciences (Field of medical and health sciences). 
Punkty Ministerialne 40 punktów. Załącznik do komunikatu Ministra Nauki i Szkolnictwa Wyższego z dnia 05.01.2024 Lp. 32318. Posiada 
Unikatowy Identyfikator Czasopisma: 201159. Przypisane dyscypliny naukowe: Nauki o kulturze fizycznej (Dziedzina nauk medycznych i 
nauk o zdrowiu); Nauki o zdrowiu (Dziedzina nauk medycznych i nauk o zdrowiu).© The Authors 2025; 
This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland 
Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any 
noncommercial use, distribution, and reproduction in any medium, provided the original author (s) and source are credited. This is an open 
access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike. 
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any 
medium, provided the work is properly cited. 
The authors declare that there is no conflict of interests regarding the publication of this paper. 
Received: 09.01.2025. Revised: 30.01.2025. Accepted: 04.02.2025. Published: 10.02.2025. 
 
 
 
 
 

1 

Reviewing the current treatment approaches for bullous pemphigoid – analysis of 

literature 

 

Julia Nowak [JN] 

RAW-MEDICA NZOZ, Słowackiego 68, 96-200 Rawa Mazowiecka, Poland 

ORCID: https://orcid.org/0009-0009-5954-8138 

e-mail: jwilkusz@gmail.com 

 

Agnieszka Najdek [AN] 

Teaching Hospital No. 2 of the Medical University of Lodz, Żeromskiego Street 113 90-549 

Lodz, Poland 

ORCID: https://orcid.org/0009-0000-1112-3864 

e-mail: agnieszka.najdek99@gmail.com 

 

Daria Oleksy [DO] 

Przychodnia Zespołu Lekarzy Rodzinnych LEKMED s.c. Czerwonego Krzyża 2, 63-000 Środa 

Wielkopolska, Poland 

ORCID:https://orcid.org/0009-0004-4492-3752 

e-mail: daria.oleksy.1996@gmail.com 

https://doi.org/10.12775/JEHS.2025.78.57666
https://apcz.umk.pl/JEHS/article/view/57666
https://orcid.org/0009-0009-5954-8138
mailto:jwilkusz@gmail.com
https://orcid.org/0009-0000-1112-3864
mailto:agnieszka.najdek99@gmail.com
https://orcid.org/0009-0004-4492-3752
mailto:daria.oleksy.1996@gmail.com


2 
 

Dawid Komada [DK] 

Szpital Specjalistyczny im. Ludwika Rydygiera w Krakowie, ul. Złotej Jesieni 1, 31-826 

Kraków, Poland 

ORCID: https://orcid.org/0009-0009-6015-8292 

e-mail: komada.dawid.lek@gmail.com 

 

Urszula Kaczmarska [UK] 

ZOZ Ropczyce 39-100 Ropczyce, ul. Ks. Kard. St. Wyszyńskiego 54, Poland 

ORCID https://orcid.org/0009-0007-2986-5760 

e-mail: urszulakaczmarskaa@gmail.com 

 

Aleksandra Woźniak [AW] 

Faculty of Medicine, Medical University of Lodz, al. Tadeusza Kościuszki 4, 90-419, Łódź, 

Poland 

ORCID: https://orcid.org/0009-0004-7769-9865 

e-mail: aleksandra.wozniak4@stud.umed.lodz.pl 

 

Michał Jakub Cioch [MJC] 

Centrum Medyczne LUX MED al. Pokoju 18c, 31-564 Kraków, Poland 

ORCID: https://orcid.org/0009-0007-1555-3336 

e-mail: michalcioch1@gmail.com 

 

Marcin Mycyk [MM] 

Piotr Pelcer Klinika Zdrowia Sp. z o.o. Filia Kębłowo, ul. Chłopska 13, 84-242 Kębłowo, 

Poland 

ORCID: https://orcid.org/0009-0001-2553-3327 

E-mail: marcinmycyk@gmail.com 

 

Kamil Hermanowicz [KH] 

SPZOZ w Zelowie, Żeromskiego 21, 97-425 Zelów, Poland 

ORCID: https://orcid.org/0009-0007-0844-1424 

e-mail: Kamil03h8@gmail.com 

 

https://orcid.org/0009-0009-6015-8292
mailto:komada.dawid.lek@gmail.com
https://orcid.org/0009-0007-2986-5760
mailto:urszulakaczmarskaa@gmail.com
https://orcid.org/0009-0004-7769-9865
mailto:aleksandra.wozniak4@stud.umed.lodz.pl
https://orcid.org/0009-0007-1555-3336
mailto:michalcioch1@gmail.com
https://orcid.org/0009-0001-2553-3327
mailto:marcinmycyk@gmail.com
https://orcid.org/0009-0007-0844-1424
mailto:Kamil03h8@gmail.com


3 
 

Katarzyna Doman [KD] 

NZOZ MEDICUS ,ul. Opiesińska 10-12, 98-220 Zduńska Wola, Poland 

ORCID: https://orcid.org/0009-0005-1022-490X 

e-mail: kadomanka@gmail.com 

 

Corresponding author: 

Julia Nowak [JN] 

RAW-MEDICA NZOZ, Słowackiego 68, 96-200 Rawa Mazowiecka, Poland 

ORCID: https://orcid.org/0009-0009-5954-8138 

e-mail: jwilkusz@gmail.com 

 

Abstract 

Introduction: 

Bullous pemphigoid (BP) is an autoimmune blistering disorder primarily affecting the elderly, 

particularly older men, and is characterized by type 2 inflammation. The disease is defined by 

autoantibodies targeting BP180 (BPAG2) and BP230 (BPAG1) within the basement membrane 

zone. Advanced age is a significant risk factor for BP, with additional associations identified, 

including certain medications—such as dipeptidyl peptidase-4 inhibitors and aldosterone 

antagonists—and neurological disorders like Parkinson’s disease. 

The global annual cumulative incidence of BP is estimated at 8.2 cases per 1,000,000 

individuals, with Europe reporting higher incidence rates than other regions. BP significantly 

impacts patients’ quality of life due to painful, pruritic skin lesions and is associated with a 

higher prevalence of psychiatric comorbidities, such as schizophrenia. 

BP increases the risk of complications, including pulmonary embolism and pneumonia, and is 

linked to high mortality. These findings highlight the need for early diagnosis and 

comprehensive management to improve patient outcomes. 

Aim of the study: 

The purpose of the study is to summarize the available knowledge about options for bullous 

pemphigoid treatment. The options in treatment, including the latest methods, were described 

and summarized. 

Materials and methods: 

Literature available in the PubMed database was reviewed using the following keywords: 
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“Bullous pemphigoid”, “Pemphigoid”, “Bullous pemphigoid Treatment”, “New Bullous 

pemphigoid Treatment”, “Systemic Therapy for bullous pemphigoid” 

Conclusions: 

Bullous pemphigoid is an autoimmune blistering disease with complex pathogenesis involving 

IgG and IgE autoantibodies, complement activation, and type 2 inflammation. Treatment 

balances efficacy and safety, especially for elderly patients. High-potency topical 

corticosteroids are the first-line therapy, with systemic corticosteroids and immunosuppressants 

used for severe cases. Biologics like dupilumab, rituximab, and omalizumab show promise in 

refractory cases, with omalizumab offering high efficacy and minimal side effects. 

Experimental therapies, including complement modulators and targeted anti-inflammatory 

agents like reslizumab and diacerein, are under study. Innovative approaches, such as low-dose 

IL-2 therapy and JAK inhibitors, highlight advancements in disease control. Personalized 

strategies aim to improve outcomes, reduce steroid use, and enhance safety. 

 

 

Key words: Bullous pemphigoid; autoimmune blistering disease; corticosteroids therapy 

 

 

 

Introduction 

Bullous pemphigoid (BP) is an autoimmune blistering disorder characterized by features 

of type 2 inflammation, typically affecting the elderly population, particularly older men. [1,2] 

It is defined by the presence of autoantibodies targeting two proteins within the basement 

membrane zone: BP180 (BPAG2) and BP230 (BPAG1). The etiology of bullous pemphigoid 

remains incompletely understood; however, advanced age is widely acknowledged as the 

primary factor contributing to its development. Emerging evidence increasingly implicates 

certain medications, such as dipeptidyl peptidase-4 inhibitors, aldosterone antagonists, 

anticholinergics, and dopaminergic medications, in its pathogenesis [3,4]. Neurological 

disorders, including Parkinson’s disease, have also been associated with the development of BP. 

[5,6]  

Globally, the pooled annual cumulative incidence of bullous pemphigoid is estimated to 
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be 8.2 cases per 1,000,000 individuals. Notably, most studies were conducted exclusively in 

Europe and Asia, with Europe demonstrating a higher incidence. Increased incidence rates were 

observed in adult populations, population-based studies, and during more recent study periods. 

Additionally, the pooled incidence rate of bullous pemphigoid was calculated to be 34.2 cases 

per 1,000,000 person-years.[7]  

Skin lesions in bullous pemphigoid, along with associated symptoms such as pain and 

itching, can severely affect the quality of life of patients. Patients with BP exhibited a 

significantly higher prevalence of psychiatric disorders, especially schizophrenia. [8,9] 

The risk of developing pulmonary embolism or pneumonia was found to be increased 

following a diagnosis of BP, and BP itself is associated with high mortality. The prognostic 

factors for mortality in bullous pemphigoid are positive bullous pemphigoid 180 antibody, 

dementia, stroke, heart disease and diabetes mellitus. [10,11]   

 

Pathogenesis 

The pathogenesis of bullous pemphigoid involves both complement-dependent and 

complement-independent mechanisms. BP is primarily characterized by IgG autoantibodies 

targeting BP180 and BP230, which are components of hemidesmosomes involved in dermal-

epidermal cohesion. Almost all BP patients have circulating IgG autoantibodies against BP180, 

particularly the BP180-NC16A domain, which plays a significant role in BP pathogenesis. IgG4 

is the dominant subclass in BP, although its exact role remains unclear.[1].  

Several studies have identified IgE autoantibodies against BP230, with some linking 

IgE anti-BP230 reactivity to eosinophil accumulation. IgE anti-BP230 levels often correlate 

with total serum IgE levels. In contrast, IgE anti-BP180 autoantibodies are strongly associated 

with disease activity and can induce cytokine release and BP180 internalization in keratinocytes. 

[12] Inflammatory cell infiltration, including mast cells, neutrophils, and eosinophils, is 

common in BP lesions. Mast cell degranulation leads to the release of inflammatory cytokines 

and proteases, contributing to skin barrier damage. Neutrophils play a significant role, as 

blocking their infiltration prevents blistering, while IL-8 induces blistering. Eosinophils 

amplify type 2 inflammation in BP lesions and participate in blister formation through cytokine 

release and toxic protein production.  

Type 2 inflammatory cytokines (IL-4, IL-5, IL-13) and chemokines (eotaxins, MCP-4, 

TARC) are elevated in BP lesions, with IL-4 and IL-13 driving type 2 inflammation. These 

cytokines may contribute to eosinophilia and mast cell activation, with IL-4 enhancing IgE 
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crosslinking and potentiating inflammatory gene expression in mast cells. Additionally, IL-4 

and IL-13 influence pruritus by sensitizing sensory neurons. [1,13,14]  

A recent meta-analysis indicates a significant association between bullous pemphigoid 

and the use of diuretics, particularly aldosterone antagonists, dipeptidyl peptidase-4 inhibitors, 

anticholinergics, and dopaminergic medications. Other drugs whose roles remain uncertain 

have occasionally been reported to be associated with the onset of BP, such as NSAIDs, 

antibiotics, ACE inhibitors, and TNF-alpha inhibitors. [15]  

A meta-analysis by Dhaouadi T demonstrated a significant association between the 

DRB11101, DQA10505, and DQB10301 alleles and increased pemphigoid risk. Compared to 

idiopathic pemphigoid, these associations were notably stronger in drug-induced pemphigoid. 

In contrast, the DQA10201 allele appears to exert a protective effect against pemphigoid. [16] 

 

Diagnosis 

 

The diagnosis of bullous pemphigoid should be established based on specific criteria. 

In most cases, the diagnosis relies on the presence of suggestive clinical features, particularly 

when at least three of the following four characteristics are observed: the patient is older than 

70 years, there are no atrophic scars, there is no mucosal involvement, and predominant bullous 

lesions are absent on the neck and head. [2,15]  

For patients presenting with non-bullous lesions, the diagnosis of BP can be made if DIF 

studies are positive and circulating IgG autoantibodies are detected. These autoantibodies must 

bind to the epidermal side of split skin (SSS) by Indirect Immunofluorescence (IIF) microscopy 

or react with BP180 and/or BP230 through ELISA or IIF. [12]  

If DIF studies are negative, it is recommended to perform a repeat biopsy to rule out 

technical issues. In cases where negative DIF findings persist, the diagnosis of BP can still be 

accepted if the clinical presentation is suggestive, characterized by the presence of tense blisters. 

Furthermore, histopathological findings should confirm subepidermal cleavage, and circulating 

IgG autoantibodies must be detected binding to the epidermal side of SSS by IIF microscopy. 

Additionally, serum reactivity with BP180 and/or BP230 must be demonstrated using ELISA 

or IIF. [2,15]  
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Treatment 

Treatment for BP depends on its severity and the patient’s comorbidities. High-potency 

topical corticosteroids are the preferred option, while oral prednisone (0.5 mg/kg/day) is a 

recommended alternative. If corticosteroids are contraindicated or ineffective, 

immunosuppressants like methotrexate, azathioprine, or mycophenolate may be used. The roles 

of doxycycline and dapsone remain debated but may be suitable for patients unable to take 

corticosteroids. For resistant cases, B-cell-depleting therapy or intravenous immunoglobulins 

can be considered. Emerging treatments, including omalizumab and dupilumab, show promise.  

[15]  

Meta-analysis indicated that anti-BP180 autoantibody levels may serve as an adjunctive 

tool for monitoring BP disease severity and guiding clinical care for patients with BP. [17] 

The primary treatment options include oral and/or topical high-potency corticosteroids, often 

used in combination with immunomodulatory agents like dapsone and tetracyclines, or 

immunosuppressive drugs such as azathioprine and methotrexate. 

Recent case reports describing the effective use of the anti-IgE antibody omalizumab in treating 

individual BP patients highlight the potential pathogenic role of IgE autoantibodies in the 

disease. [12] 

 

Systemic glucocorticoids 

Systemic corticosteroids remain the treatment with the strongest evidence for efficacy 

in bullous pemphigoid. National guidelines highlight that the primary goal of treating 

pemphigoid diseases is to block the pathological signaling caused by autoantibodies. Systemic 

prednisolone is typically started at doses below 0.5–0.6 mg/kg/day, as higher doses (>0.75 

mg/kg/day) increase the risk of side effects and mortality without added benefit. Maintenance 

therapy involves tapering glucocorticoids to the lowest effective dose, with treatment usually 

lasting 9–12 months. [4]  

However, their use is associated with significant risks, including the development of 

diabetes, infections, osteoporosis, and hypertension. [18] 
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High potency topical corticosteroids 

Very potent topical corticosteroids (e.g., clobetasol propionate) have proven effective in 

BP, with lower morbidity and mortality compared to oral prednisone at 1 mg/kg/day, but they 

present challenges in application and notable cutaneous toxicity. Studies have shown that potent 

topical corticosteroids are an effective option for moderate to severe BP and are superior to oral 

prednisone (1 mg/kg daily) in patients with extensive disease, particularly in terms of side 

effects and overall survival.[19]  

As a result, several national guidelines now recommend topical steroid therapy as the 

first-line treatment for BP.It should be applied once or twice daily over the entire body, covering 

both healthy skin and affected areas (excluding the face) until disease control is achieved. 

Disease control is defined as the absence of new lesions or itching, with existing lesions 

showing signs of healing.[18]  

After achieving control, the same dosage of the cream is maintained for 15 days, 

followed by a gradual tapering over 4 to 12 months.[20] Clobetasol propionate is highly 

effective, but it can be difficult to use in the home setting, particularly for elderly patients.[19] 

A drawback is the practical and economic challenges associated with prolonged nursing care 

and/or the cost of long-term use of high-potency topical corticosteroids. [15] 

 

Doxycycline 

Doxycycline, a derivative of first-generation tetracyclines, is an antibiotic with broad-

spectrum bacteriostatic properties. It inhibits bacterial protein synthesis by binding to the 30S 

ribosomal subunit, targeting both gram-positive and gram-negative bacteria. Moreover, 

doxycycline can also interact with the 40S ribosomal subunit, specific to mammalian cells, 

indicating reduced target specificity. [21]  

Certain characteristics, such as cytokine regulation, antioxidant activity, inhibition of protease-

activated receptor 2 (PAR2), suppression of matrix metalloproteinases (MMPs), prevention of 

collagen degradation, and inhibition of leukocyte chemotaxis, are believed to contribute to its 

anti-inflammatory effects. [22]  

The study showed that starting bullous pemphigoid treatment with 200 mg of 

doxycycline daily provides acceptable short-term effectiveness within the predefined non-

inferiority margin, along with significant safety improvements at 1 year compared to 
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prednisolone 0.5 mg/kg per day. No clear evidence was found that differences between the two 

treatment strategies varied by baseline disease severity, suggesting that both strategies have 

modest effectiveness in severe cases. [23] 

 

Steroid sparing agents 

Azathioprine 

Azathioprine is a pro-drug that is swiftly transformed into 6-mercaptopurine (6-MP) 

through the purine metabolism pathway. Its therapeutic effects arise from its action as a purine 

anti-metabolite. As a purine analogue, it interferes with DNA synthesis and affects cells with 

high proliferation rates.[24]  

Starting a steroid-sparing agent since the initiation of treatment is advisable. Time of 

onset of the therapeutic effects for azathioprine varies from one week to seven months. At a 

four-year follow-up, 44% of patients achieve remission of the disease.It halts disease 

progression and promotes re-epithelialization as soon as eight weeks of starting treatment. [25] 

Mycophenolate mofetil and azathioprine show comparable effectiveness in treating bullous 

pemphigoid, with both groups receiving similar cumulative doses of corticosteroids to manage 

the condition.[26] 

 

Methotrexate 

Methotrexate primarily interacts with physiological processes such as the folate pathway, 

adenosine signaling, and the regulation of prostaglandins, leukotrienes, and cytokines. Its 

polyglutamation modifies pharmacokinetics and pharmacodynamics, enhancing and extending 

its therapeutic effects.[27]  

An initial MTX dose above 7.5 mg, ideally 10 mg, is recommended to achieve remission 

without further increases. In this study, 25% of patients required dose adjustments due to 

insufficient remission, with over half starting at 7.5 mg/week. Adding steroids should not 

depend on the time to remission. Studies indicate that increasing MTX doses to achieve 

therapeutic effects typically reaches 12.5–17.5 mg/week, with disease severity affecting 

remission time. Due to relapses during dose reductions or rapid withdrawal, 85% of patients 

remained on a minimal MTX dose (mean: 4.88 ± 2.32 mg/week) for several months. MTX 

monotherapy is preferred in elderly BP patients to avoid steroid-related side effects. [28,29] 
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The retrospective study evaluated the efficacy and tolerability of a combination therapy 

of methylprednisolone and low-dose methotrexate (up to 12.5 mg/week) for BP. After 12 weeks, 

96.4% of patients treated over a five-year period remained on therapy. BP remission was 

achieved in all adherent cases, including 24 associated with dipeptidyl peptidase-4 inhibitors 

with a mean cumulative MP dose of 678.4 ± 49.4 mg.  At three years, 73.4% of patients 

remained free of relapses. [30]  

 

Mycophenolate mofetil 

Mycophenolate mofetil (MMF), an inhibitor of inosine monophosphate dehydrogenase 

with notable anti-inflammatory effects, could serve as a potential alternative to systemic 

glucocorticoids in the management of BP. MMF therapy began at 500–1000 mg BID, gradually 

increasing monthly by 500 mg BID to a maximum of 3000 mg BID. Administered alone or with 

prednisone, it improved all patients within 0.8 months on average, achieving complete disease 

control in 96.2% of cases within 5.6 months. Sustained remission for up to 15 months post-

discontinuation occurred in 46.2% of patients, more often with combination therapy (57.1%) 

than monotherapy (33.3%). Mild adverse effects were reported in 12 cases, with one 

discontinuation due to gastrointestinal symptoms. MMF is a safe, effective treatment for BP, 

achieving significant improvement and remission in many patients.[31]  

Mycophenolate mofetil and azathioprine are equally effective in treating bullous 

pemphigoid, with both requiring comparable cumulative corticosteroid doses for disease 

control. However, mycophenolate mofetil is associated with significantly lower liver toxicity 

compared to azathioprine. [32] 

 

Dapsone 

Dapsone or 4,4'-diaminodiphenylsulfone is a chemotherapeutic agent that belongs to the 

sulfonamide class of antibiotics. Dapsone's anti-inflammatory effects have been attributed to its 

ability to inhibit neutrophil migration and reduce the production of toxic secretory substances 

that harm the skin. [33] 

 Dapsone effectively alleviates disease in the antibody transfer model of BP-like EBA 

in a dose-dependent manner. A dose of 10.0 mg/kg significantly improved BP-like EBA, though 

less effectively than the 100 mg/kg dose. Dapsone notably reduced inflammation in BP model 

by decreasing neutrophil recruitment to the skin and inhibiting the release of leukotriene B4 

(LTB4) and reactive oxygen species (ROS) in response to immune complexes. LTB4 is involved 
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in various diseases, but no effective inhibitors are available for clinical use. These findings 

suggest that dapsone's action in these models may involve the suppression of LTB4 and ROS 

release from neutrophils. [34] 

 

Cyclosporin 

Cyclosporine A suppresses T cell responses by blocking IL-2 production. In dendritic 

cells, crucial for T cell priming, it modulates surface molecule expression and cytokine 

secretion, altering T cell activation. In macrophages and neutrophils, key players in 

antimicrobial defense, it reduces cytokine production. Additionally, Cyclosporine A inhibits the 

release of mitochondrial factors that drive type 1 interferon production by innate immune 

cells.[35]  

Cyclosporine serves as an alternative treatment for managing bullous pemphigoid 

coexisting with psoriasis. This condition poses a significant challenge, as many physical 

treatments and topical agents effective for psoriasis can trigger bullous lesions. Additionally, 

systemic steroids, commonly used to treat bullous pemphigoid, may exacerbate psoriasis or 

lead to pustular psoriasis flare-ups after their discontinuation.[36] 

In the study by Thivolet et al., Patient 1 with bullous pemphigoid began treatment with 

very low doses of prednisone. After one month, more blistering lesions appeared, and 

cyclosporine was introduced. The lesions healed 20 days later. Two months after starting 

cyclosporine, prednisone was discontinued. One month later, both clinical and immunological 

remission remained stable. 

Patient 2, diagnosed with bullous pemphigus, was treated with cyclosporine alone. 

Clinical remission was achieved within one month, and treatment was discontinued. Two 

months later, the patient remained disease-free. The cyclosporine treatment lasted three months. 

No adverse effects from cyclosporine were observed in these patients. [37] 

 

Intravenous immunoglobulins 

A 3-year observational study in Japan evaluated the effectiveness of IVIG in 379 

patients with corticosteroid-unresponsive BP (mean age: 74.5 years). Improvement rates in 

IVIG-naive patients were 70.7%, 83.5%, and 84.3% at 15, 30, and 60–90 days, respectively, 

with significant reductions of corticosteroid doses, and anti-BP180 antibody levels. 

Approximately 25% of patients required multiple treatment cycles, with a 30-day post-
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treatment improvement rate of 88% and complete symptom resolution in 44%. These results 

support the efficacy of IVIG in treating corticosteroid-unresponsive BP. [38] 

 

Novel target treatments 

Rituximab 

Rituximab is a chimeric human/mouse glycosylated immunoglobulin (Ig) G1-κ 

monoclonal antibody, combining murine variable region sequences for both light and heavy 

chains with human kappa and IgG1 constant region sequences. Rituximab specifically targets 

the B-lymphocyte transmembrane protein CD20, which is present on normal B cells (excluding 

stem cells, pro-B cells, and plasma B cells) as well as on most malignant B cells. [39]  

Polansky et al. conducted a retrospective study of 20 patients treated with at least one 

dose of RTX for severe or recalcitrant bullous pemphigoid. They found that 75% (15 patients) 

achieved remission an average of 169 days after RTX therapy. No RTX-related deaths occurred, 

and adverse events were significantly fewer. [40]  

In a case series by Tovanabutra and Payne, 38 patients with various types of pemphigoid 

(including BP, mucous membrane pemphigoid, and epidermolysis bullosa acquisita) were 

treated with RTX. Seventy-six percent (29 patients) reached complete remission after a median 

of one RTX cycle, and 39% (15 patients) achieved complete remission off therapy after a 

median of two cycles. BP 180 titers decreased significantly in 13 BP patients. Serious infections 

occurred in 13% of patients, mostly those on prednisone or additional immunosuppressives. 

[41] 

 

Dupilumab 

Dupilumab, a human monoclonal antibody of the immunoglobulin G4 subclass, acts as 

an interleukin-4 (IL-4) receptor alpha antagonist, effectively blocking the signaling pathways 

of both IL-4 and IL-13. [42]  

Patients receiving dupilumab showed a more rapid resolution of new blisters, faster 

tapering of glucocorticoids, reduced healing time, and shorter hospitalizations. Moreover, 

eosinophil counts and immunoglobulin E levels significantly decreased after two weeks of 

treatment. Subsequent follow-up studies indicated that dupilumab monotherapy was linked to 

a reduced recurrence rate. Importantly, no serious adverse effects were reported. [43] 
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Omalizumab 

Omalizumab binds with IgE antibodies and prevents their interaction with FcεRI 

receptors on mast cells and basophils, thereby inhibiting degranulation and release of mediators 

of the allergic response. [44]  

Between 2014 and 2021 the effectiveness of omalizumab treatment was studied among 

100 patients. Complete remission (CR) was attained in 77% of patients, with an additional 9% 

achieving partial remission. Among those in CR, 11.7% remained in remission without therapy, 

57.1% required minimal therapy, and 31.2% needed non-minimal therapy. The relapse rate was 

14%, with a median follow-up period of 12 months. Adverse events were reported in four 

patients. Patients receiving omalizumab doses >300 mg every 4 weeks had similar long-term 

outcomes to those on doses ≤300 mg, but achieved disease control significantly faster.[45] 

The study results suggest that the combination of RTX and OMZ is well tolerated, has the 

potential to enhance outcomes in patients with refractory BP unresponsive to RTX alone, and 

may shorten the time required to achieve remission. [46] 

Rituximab, omalizumab, and dupilumab have similar clinical benefits for BP patients. 

However, rituximab resulted in higher recurrence rates, adverse events, and mortality rates. [47] 

 

Nomacopan 

Nomacopan, a drug originally derived from tick saliva, has dual functions of 

sequestering leukotriene B4 (LTB4) and inhibiting complement component 5 (C5) activation. 

[48]  

The nonrandomized controlled trial by Sadik et al indicated that a 6-week treatment with 

nomacopan was well tolerated in patients with bullous pemphigoid. Patients received 

nomacopan, 90 mg, subcutaneously on day 1 and 30 mg subcutaneously daily until day 42.  The 

cohort had a median age of 75 years and consisted of 5 women and 4 men. Among the 

participants, 55.6% were experiencing their first episode of bullous pemphigoid, while 44.4% 

had relapsing disease. Two patients had mild disease, and seven had moderate disease severity.  

The findings suggest that nomacopan may provide a significant therapeutic benefit for 

managing this condition. [49] 
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Avdoralimab 

Avdoralimab (IPH5401), a specific anti-C5aR1 monoclonal antibody, has already been 

credited of a good safety profile in the treatment of solid tumors and rheumatoid arthritis. 

Experimental data suggest involvement of the C5a–C5aR1 axis in bullous pemphigoid. A phase 

2 study evaluated the efficacy and safety of avdoralimab, an anti-C5aR1 antibody, combined 

with superpotent topical steroids. Patients were randomized to receive either steroids alone or 

with avdoralimab. At week 12, complete remission was observed in one patient receiving 

avdoralimab and none in the steroid-only group. No treatment-related adverse events were 

reported. The study found no added benefit of avdoralimab over steroids alone. [50] 

 

Sutimlimab 

Sutimlimab is a humanized monoclonal antibody used to treat cold agglutinin disease 

(CAD). It is an IgG4 subclass monoclonal antibody that works by inhibiting the classical 

complement pathway. It does so by binding to the C1s subcomponent of complement protein 1, 

a serine protease that cleaves C4 and C2, leading to the formation of the C3 convertase. [51] 

In a phase 1 trial, the safety and activity of  sutimlimab, were evaluated in 10 patients with 

active or prior bullous pemphigoid. Four weekly infusions of 60 mg/kg effectively inhibited the 

classical complement pathway, as measured by CH50, in all participants. Partial or complete 

reduction of C3c deposition at the dermal-epidermal junction (DEJ) was observed in 4 of 5 

cases where it was present at baseline. The treatment was generally well-tolerated, with mild to 

moderate adverse events reported, such as headache and fatigue. [52] 

 

Reslizumab 

Reslizumab is a humanized monoclonal antibody targeting interleukin-5 (IL-5). 

IL-5 plays a key role in stimulating the production, activation, and maturation of eosinophils. 

[53] 

The study about a male with erythematous bullous eruption, consistent with bullous pemphigoid, 

showed a potential role for anti-interleukin-5 therapy in BP. 

Initial treatment with topical and systemic steroids (methylprednisolone 2 mg/kg/day) led to 

symptom recurrence upon steroid tapering. On day 29, intravenous reslizumab (3.5 mg/kg) was 

administered, resulting in rapid improvement of skin lesions. Steroid dosage was reduced to 8 

mg/day without symptom worsening after two doses of reslizumab. [54] 
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Diacerein 

Diacerein, an anthraquinone derivative, is a non-steroidal anti-inflammatory drug 

(NSAID) that works by inhibiting the interleukin-1β system and its associated downstream 

signaling pathways. [55] 

In vitro, diacerein inhibited the reduction of BP180 and the production of proinflammatory 

cytokines induced by BP autoantibodies, showing therapeutic potential in BP patients. 

Yung-Tsu Cho's et al. research indicates that topical diacerein reduced the clinical symptoms 

which were comparable to those of topical clobetasol. [56] 

 

IL-2 therapy 

The results of the new reaserch suggest that low-dose IL-2 therapy is promising for its 

early onset of response, especially in the first 2 weeks. The rapid increase in Treg cells during 

the first week may be beneficial for disease control and early steroid reduction. [57] 

 

JAK inhibitors 

Currently, there have been successful reports of the treatment of BP with four JAK 

inhibitors: tofacitinib, baricitinib, upadacitinib, and abrocitinib. Tofacitinib, an oral Janus 

kinase (JAK) inhibitor, works by suppressing the activation of neutrophils and eosinophils, as 

well as relieving chronic pruritus through the inhibition of interleukin (IL)-4Rα and JAK1 

signaling.  [58,59] 

Notably, Juczynska et al. observed a significantly higher expression of JAK/STAT proteins in 

the skin lesions of BP patients compared to controls, suggesting that targeting this signaling 

pathway could be a promising approach for treating BP. [60] 

In Fan report seven patients with bullous pemphigoid who had previously responded to standard 

therapy experienced relapses upon discontinuation of treatment. Three of these patients had 

failed a 3-month course of dupilumab and developed complications due to prior systemic 

glucocorticoid (sGC) use. Prior to starting tofacitinib, the average disease duration was 15.3 

months. All patients exhibited elevated BP180-NC16A-specific IgG levels, and five had 

increased eosinophil counts. Key cytokines such as IL-6, tumor necrosis factor (TNF)-α, and 

IL-17 were also monitored. All patients were treated with tofacitinib at 5 mg twice daily. In 

addition, four patients received 20-40 mg of sGC daily, while three patients were given 10-30 

g of topical corticosteroids (tGC) daily as an initial dose. The results suggest that tofacitinib 
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may be a safe and effective option for reducing inflammation and relieving pruritus in BP 

patients. [61] 

In the Case report by Xiao et al Baricitinib at a daily oral dose of 4 mg resulted in a complete 

remission of BP in 24 weeks without any adverse effects. [62] 

 

Plasmapheresis therapy  

Plasmapheresis, including plasma exchange (PE) and double filtration plasmapheresis 

(DFPP), is a treatment option for severe or refractory cases of bullous pemphigoid. In 

therapeutic PE, anticoagulated blood is processed through a device that separates plasma from 

other blood components. The plasma is replaced with a solution such as albumin, plasma, or a 

mix of crystalloid and colloid solutions, and the remaining blood elements are reinfused. DFPP 

uses specialized filters to remove pathogenic substances from plasma based on their molecular 

size and configuration. This process eliminates harmful autoantibodies, immune complexes, 

and cytokines. Plasmapheresis, combined with glucocorticosteroids and/or immunosuppressive 

agents, has been associated with reduced anti-BP180 antibody levels, alleviation of pruritus, 

and resolution of bullae in severe cases. [63,64] 

 

Conclusions 

Bullous pemphigoid is a complex autoimmune blistering disease with multifaceted 

pathogenesis, diagnostic criteria, and treatment options.   

Advancements in understanding BP's underlying mechanisms—such as the roles of IgG 

and IgE autoantibodies, complement activation, and type 2 inflammation—have expanded the 

diagnostic and therapeutic landscape, but the role of neuroimmune interactions in BP 

pathogenesis remains unclear.  

Management strategies are evolving to balance efficacy with patient safety, especially 

given the vulnerability of the predominantly elderly BP population. High-potency topical 

corticosteroids remain first-line therapy due to their effectiveness and reduced systemic risks. 

Systemic corticosteroids and steroid-sparing agents, including immunosuppressants like 

azathioprine, methotrexate, and mycophenolate mofetil, provide alternatives for severe or 

resistant cases. Novel therapies targeting specific pathways, such as dupilumab and rituximab, 

show promise in refractory cases, emphasizing the growing role of biologics in BP treatment.  
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Omalizumab demonstrates high efficacy in achieving remission, with minimal adverse 

effects, making it a promising option for refractory BP, particularly when combined with 

rituximab. Nomacopan, while showing potential in reducing disease activity through dual 

leukotriene B4 sequestration and C5 inhibition, requires further validation in larger cohorts.  

Experimental treatments like avdoralimab and sutimlimab highlight the emerging focus 

on complement system modulation, though their clinical efficacy over standard therapies 

remains unclear. Reslizumab and diacerein offer targeted anti-inflammatory benefits, 

emphasizing eosinophil regulation and cytokine inhibition, respectively, and have shown 

encouraging results in steroid-sparing strategies.  

Low-dose IL-2 therapy and JAK inhibitors provide innovative approaches by enhancing 

regulatory T cells and inhibiting key inflammatory signaling pathways, with promising 

outcomes in disease control and symptom alleviation.  

These findings underscore the importance of personalized therapeutic strategies, balancing 

efficacy, safety, and the potential for steroid reduction, while paving the way for future research 

to optimize BP management. 

 

Authors contributions 

Conceptualization, Julia Nowak and Katarzyna Doman; methodology, Julia Nowak and Michał 

Jakub Cioch;  software, Aleksandra Woźniak and Marcin Mycyk; check, Agnieszka Najdek 

and Daria Oleksy; formal analysis, Dawid Komada and Kamil Hermanowicz; investigation, 

Dawid Komada and Marcin Mycyk; resources, Julia Nowak and Katarzyna Doman; data 

curation, Urszula Kaczmarska and Aleksandra Woźniak; writing – rough preparation, Julia 

Nowak; writing - review and editing, Julia Nowak; visualization,Agnieszka Najdek Kamil 

Hermanowicz; supervision, Urszula Kaczmarska and Michał Jakub Cioch  project 

administration, Julia Nowak. 

All authors have read and agreed with the published version of the manuscript. 

Funding Statement 

The study did not receive special funding. 

Institutional Review Board Statement 

Not applicable. 



18 
 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

The data presented in this study is available upon request from the corresponding author. 

Acknowledgments 

Not applicable. 

Conflict of Interest Statement 

All authors declare that they have no conflicts of interest. 

 

List of references: 

1. Werth VP, Murrell DF, Joly P, et al. Pathophysiology of Bullous Pemphigoid: Role of 

Type 2 Inflammation and Emerging Treatment Strategies (Narrative Review). Adv Ther. 

2024;41(12):4418-4432.   

https://doi.org/10.1007/s12325-024-02992-w 

2. Schmidt E, Zillikens D. Pemphigoid diseases. Lancet. 2013;381(9863):320-332. 

https://doi.org/10.1016/S0140-6736(12)61140-4 

3. Yang W, Cai X, Zhang S, Han X, Ji L. Dipeptidyl peptidase-4 inhibitor treatment and 

the risk of bullous pemphigoid and skin-related adverse events: A systematic review 

and meta-analysis of randomized controlled trials. Diabetes Metab Res Rev. 

2021;37(3):e3391. 

https://doi.org/10.1002/dmrr.3391   

4. Miida H, Fujiwara H, Ito M. Association between effective dose of prednisolone, alone 

or in conjunction with other immunosuppressants, and titre of anti-bullous pemphigoid 

180 antibody: a retrospective study of 42 cases. Clin Exp Dermatol. 2011;36(5):485-

488. 

https://doi.org/10.1111/j.1365-2230.2010.04013.x 

https://doi.org/10.1007/s12325-024-02992-w
https://doi.org/10.1016/S0140-6736(12)61140-4
https://doi.org/10.1002/dmrr.3391
https://doi.org/10.1111/j.1365-2230.2010.04013.x


19 
 

5. Liu SD, Chen WT, Chi CC. Association Between Medication Use and Bullous 

Pemphigoid: A Systematic Review and Meta-analysis. JAMA Dermatol. 

2020;156(8):891-900. 

https://doi.org/10.1001/jamadermatol.2020.1587 

6. Zhou Q, Xiong Z, Yang D, Xiong C, Li X. The association between bullous pemphigoid 

and cognitive outcomes in middle-aged and older adults: A systematic review and meta-

analysis. PLoS One. 2023;18(11):e0295135. Published 2023 Nov 30. 

https://doi.org/10.1371/journal.pone.0295135 

7. Persson MSM, Begum N, Grainge MJ, Harman KE, Grindlay D, Gran S. The global 

incidence of bullous pemphigoid: a systematic review and meta-analysis. Br J 

Dermatol. 2022;186(3):414-425. 

https://doi.org/10.1111/bjd.20743 

8. Kouris A, Platsidaki E, Christodoulou C, et al. Quality of life, depression, anxiety and 

loneliness in patients with bullous pemphigoid. A case control study. An Bras Dermatol. 

2016;91(5):601-603. 

https://doi.org/10.1590/abd1806-4841.20164935 

9. Huang IH, Wu PC, Liu CW, Huang YC. Association between bullous pemphigoid and 

psychiatric disorders: A systematic review and meta-analysis. J Dtsch Dermatol Ges. 

2022;20(10):1305-1312. 

https://doi.org/10.1111/ddg.14852   

10. Joly P. Incidence of bullous pemphigoid and pemphigus vulgaris. BMJ. 

2008;337(7662):a209. Published 2008 Jul 9.   

https://doi.org/10.1136/bmj.a209 

11. Chen X, Zhang Y, Luo Z, et al. Prognostic factors for mortality in bullous pemphigoid: 

A systematic review and meta-analysis. PLoS One. 2022;17(4):e0264705. Published 

2022 Apr 15. 

https://doi.org/10.1371/journal.pone.0264705 

12. van Beek N, Schulze FS, Zillikens D, Schmidt E. IgE-mediated mechanisms in bullous 

pemphigoid and other autoimmune bullous diseases. Expert Rev Clin Immunol. 

2016;12(3):267-277. 

https://doi.org/10.1001/jamadermatol.2020.1587
https://doi.org/10.1371/journal.pone.0295135
https://doi.org/10.1111/bjd.20743
https://doi.org/10.1590/abd1806-4841.20164935
https://doi.org/10.1111/ddg.14852
https://doi.org/10.1136/bmj.a209
https://doi.org/10.1371/journal.pone.0264705


20 
 

https://doi.org/10.1586/1744666X.2016.1123092 

13. Zhang L, Chen Z, Wang L, Luo X. Bullous pemphigoid: The role of type 2 inflammation 

in its pathogenesis and the prospect of targeted therapy. Front Immunol. 

2023;14:1115083. Published 2023 Feb 16.  

https://doi.org/10.3389/fimmu.2023.1115083 

14. Teraki Y, Hotta T, Shiohara T. Skin-homing interleukin-4 and -13-producing cells 

contribute to bullous pemphigoid: remission of disease is associated with increased 

frequency of interleukin-10-producing cells. J Invest Dermatol. 2001;117(5):1097-

1102. 

https://doi.org/10.1046/j.0022-202x.2001.01505.x  

15. Borradori L, Van Beek N, Feliciani C, et al. Updated S2 K guidelines for the 

management of bullous pemphigoid initiated by the European Academy of 

Dermatology and Venereology (EADV). J Eur Acad Dermatol Venereol. 

2022;36(10):1689-1704. 

https://doi.org/10.1111/jdv.18220 

16. Dhaouadi T, Riahi A, Ben Abdallah T, Gorgi Y, Sfar I. Association of HLA class II 

alleles and haplotypes with bullous and mucus membrane pemphigoid risk: A 

systematic review, a meta-analysis and a meta-regression. Int J Immunopathol 

Pharmacol. 2024;38:3946320241296903. 

https://doi.org/10.1177/03946320241296903 

17. Chou PY, Yu CL, Wen CN, Tu YK, Chi CC. Bullous Pemphigoid Severity and Levels 

of Antibodies to BP180 and BP230: A Systematic Review and Meta-Analysis. JAMA 

Dermatol. 2024;160(11):1192-1200. 

https://doi.org/10.1001/jamadermatol.2024.3425 

18. Kirtschig G, Middleton P, Bennett C, Murrell DF, Wojnarowska F, Khumalo NP. 

Interventions for bullous pemphigoid. Cochrane Database Syst Rev. 

2010;2010(10):CD002292. Published 2010 Oct 6. 

https://doi.org/10.1002/14651858.CD002292.pub3 

19. Joly P, Roujeau JC, Benichou J, et al. A comparison of oral and topical corticosteroids 

in patients with bullous pemphigoid. N Engl J Med. 2002;346(5):321-327. 

https://doi.org/10.1586/1744666X.2016.1123092
https://doi.org/10.3389/fimmu.2023.1115083
https://doi.org/10.1046/j.0022-202x.2001.01505.x
https://doi.org/10.1111/jdv.18220
https://doi.org/10.1177/03946320241296903
https://doi.org/10.1001/jamadermatol.2024.3425
https://doi.org/10.1002/14651858.CD002292.pub3


21 
 

https://doi.org/10.1056/NEJMoa011592 

20. Venning VA, Taghipour K, Mohd Mustapa MF, Highet AS, Kirtschig G. British 

Association of Dermatologists' guidelines for the management of bullous pemphigoid 

2012. Br J Dermatol. 2012;167(6):1200-1214. 

https://doi.org/10.1111/bjd.12072 

21. Nelson ML, Levy SB. The history of the tetracyclines. Ann N Y Acad Sci. 2011;1241:17-

32. 

https://doi.org/10.1111/j.1749-6632.2011.06354.x 

22. Monk E, Shalita A, Siegel DM. Clinical applications of non-antimicrobial tetracyclines 

in dermatology. Pharmacol Res. 2011;63(2):130-145. 

https://doi.org/10.1016/j.phrs.2010.10.007   

23. Williams HC, Wojnarowska F, Kirtschig G, et al. Doxycycline versus prednisolone as 

an initial treatment strategy for bullous pemphigoid: a pragmatic, non-inferiority, 

randomised controlled trial [published correction appears in Lancet. 2017 Oct 

28;390(10106):1948. doi: 10.1016/S0140-6736(17)32703-4]. Lancet. 

2017;389(10079):1630-1638. 

https://doi.org/10.1016/S0140-6736(17)30560-3 

24. Chavez-Alvarez S, Herz-Ruelas M, Villarreal-Martinez A, Ocampo-Candiani J, Garza-

Garza R, Gomez-Flores M. Azathioprine: its uses in dermatology. An Bras Dermatol. 

2020;95(6):731-736. 

https://doi.org/10.1016/j.abd.2020.05.003    

25. Tirado-Sánchez A, Díaz-Molina V, Ponce-Olivera RM. Efficacy and safety of 

azathioprine and dapsone as an adjuvant in the treatment of bullous pemphigoid. 

Allergol Immunopathol (Madr). 2012;40(3):152-155. 

https://doi.org/10.1016/j.aller.2010.12.009   

26. Beissert S, Werfel T, Frieling U, et al. A comparison of oral methylprednisolone plus 

azathioprine or mycophenolate mofetil for the treatment of bullous pemphigoid. Arch 

Dermatol. 2007;143(12):1536-1542. 

https://doi.org/10.1001/archderm.143.12.1536   

https://doi.org/10.1056/NEJMoa011592
https://doi.org/10.1111/bjd.12072
https://doi.org/10.1111/j.1749-6632.2011.06354.x
https://doi.org/10.1016/j.phrs.2010.10.007
https://doi.org/10.1016/S0140-6736(17)30560-3
https://doi.org/10.1016/j.abd.2020.05.003
https://doi.org/10.1016/j.aller.2010.12.009
https://doi.org/10.1001/archderm.143.12.1536


22 
 

27. Maksimovic V, Pavlovic-Popovic Z, Vukmirovic S, et al. Molecular mechanism of 

action and pharmacokinetic properties of methotrexate. Mol Biol Rep. 2020;47(6):4699-

4708. 

https://doi.org/10.1007/s11033-020-05481-9 

28. Wojtczak M, Nolbrzak A, Woźniacka A, Żebrowska A. Can Methotrexate Be Employed 

as Monotherapy for Bullous Pemphigoid? Analysis of Efficiency and Tolerance of 

Methotrexate Treatment in Patients with Bullous Pemphigoid. J Clin Med. 

2023;12(4):1638. Published 2023 Feb 18. 

https://doi.org/10.3390/jcm12041638   

29.  Kjellman P, Eriksson H, Berg P. A retrospective analysis of patients with bullous 

pemphigoid treated with methotrexate. Arch Dermatol. 2008;144(5):612-616. 

https://doi.org/10.1001/archderm.144.5.612 

30. Gravani A, Gaitanis G, Spyridonos P, Alexis I, Tigas S, Bassukas ID. 

Methylprednisolone Plus Low-Dose Methotrexate for Bullous Pemphigoid-A Single 

Center Retrospective Analysis. J Clin Med. 2022;11(11):3193. Published 2022 Jun 2. 

https://doi.org/10.3390/jcm11113193 

31. Liang S, Cohen J, Soter N. The Use of Mycophenolate Mofetil in the Treatment of 

Bullous Pemphigoid. J Drugs Dermatol. 2022;21(2):151-155. 

https://doi.org/10.36849/jdd.6042   

32. Beissert S, Werfel T, Frieling U, et al. A comparison of oral methylprednisolone plus 

azathioprine or mycophenolate mofetil for the treatment of bullous pemphigoid. Arch 

Dermatol. 2007;143(12):1536-1542. 

https://doi.org/10.1001/archderm.143.12.1536   

33. Zhu YI, Stiller MJ. Dapsone and sulfones in dermatology: overview and update. J Am 

Acad Dermatol. 2001;45(3):420-434. 

https://doi.org/10.1067/mjd.2001.114733 

34. Murthy S, Schilf P, Patzelt S, et al. Dapsone Suppresses Disease in Preclinical Murine 

Models of Pemphigoid Diseases. J Invest Dermatol. 2021;141(11):2587-2595.e2. 

https://doi.org/10.1016/j.jid.2021.04.009 

https://doi.org/10.1007/s11033-020-05481-9
https://doi.org/10.3390/jcm12041638
https://doi.org/10.1001/archderm.144.5.612
https://doi.org/10.3390/jcm11113193
https://doi.org/10.36849/jdd.6042
https://doi.org/10.1001/archderm.143.12.1536
https://doi.org/10.1067/mjd.2001.114733
https://doi.org/10.1016/j.jid.2021.04.009


23 
 

35. Liddicoat AM, Lavelle EC. Modulation of innate immunity by cyclosporine A. Biochem 

Pharmacol. 2019;163:472-480.   

https://doi.org/10.1016/j.bcp.2019.03.022 

36. Boixeda JP, Soria C, Medina S, Ledo A. Bullous pemphigoid and psoriasis: treatment 

with cyclosporine. J Am Acad Dermatol. 1991;24(1):152. 

https://doi.org/10.1016/s0190-9622(08)80058-8 

37. Thivolet J, Barthelemy H, Rigot-Muller G, Bendelac A. Effects of cyclosporin on 

bullous pemphigoid and pemphigus. Lancet. 1985;1(8424):334-335. 

https://doi.org/10.1016/s0140-6736(85)91099-2 

38. Ujiie H, Arakawa M, Aoyama Y. Intravenous immunoglobulin in patients with bullous 

pemphigoid insufficient response to corticosteroids: Nationwide post-marketing 

surveillance in Japan. J Dermatol Sci. 2023;109(1):22-29. 

https://doi.org/10.1016/j.jdermsci.2023.01.004 

39. Banchereau J, Rousset F. Human B lymphocytes: phenotype, proliferation, and 

differentiation. Adv Immunol. 1992;52:125-262. 

https://doi.org/10.1016/s0065-2776(08)60876-7 

40. Polansky M, Eisenstadt R, DeGrazia T, Zhao X, Liu Y, Feldman R. Rituximab therapy 

in patients with bullous pemphigoid: A retrospective study of 20 patients. J Am Acad 

Dermatol. 2019;81(1):179-186. 

https://doi.org/10.1016/j.jaad.2019.03.049 

41. Tovanabutra N, Payne AS. Clinical outcome and safety of rituximab therapy for 

pemphigoid diseases. J Am Acad Dermatol. 2020;82(5):1237-1239. 

https://doi.org/10.1016/j.jaad.2019.11.023 

42. Seegräber M, Srour J, Walter A, Knop M, Wollenberg A. Dupilumab for treatment of 

atopic dermatitis. Expert Rev Clin Pharmacol. 2018;11(5):467-474. 

https://doi.org/10.1080/17512433.2018.1449642 

43. Huang D, Zhang Y, Yu Y, et al. Long-term efficacy and safety of dupilumab for severe 

bullous pemphigoid: A prospective cohort study. Int Immunopharmacol. 2023;125(Pt 

A):111157. 

https://doi.org/10.1016/j.intimp.2023.111157 

https://doi.org/10.1016/j.bcp.2019.03.022
https://doi.org/10.1016/s0190-9622(08)80058-8
https://doi.org/10.1016/s0140-6736(85)91099-2
https://doi.org/10.1016/j.jdermsci.2023.01.004
https://doi.org/10.1016/s0065-2776(08)60876-7
https://doi.org/10.1016/j.jaad.2019.03.049
https://doi.org/10.1016/j.jaad.2019.11.023
https://doi.org/10.1080/17512433.2018.1449642
https://doi.org/10.1016/j.intimp.2023.111157


24 
 

44. Arasi S, Mennini M, Cafarotti A, Fiocchi A. Omalizumab as monotherapy for food 

allergy. Curr Opin Allergy Clin Immunol. 2021;21(3):286-291. 

https://doi.org/10.1097/ACI.0000000000000744 

45. Chebani R, Lombart F, Chaby G, et al. Omalizumab in the treatment of bullous 

pemphigoid resistant to first-line therapy: a French national multicentre retrospective 

study of 100 patients [published correction appears in Br J Dermatol. 2024 Jun 

20;191(1):e1. doi: 10.1093/bjd/ljae157]. Br J Dermatol. 2024;190(2):258-265. 

https://doi.org/10.1093/bjd/ljad369   

46. Le ST, Herbert S, Haughton R, et al. Rituximab and Omalizumab Combination Therapy 

for Bullous Pemphigoid. JAMA Dermatol. 2024;160(1):107-109. 

https://doi.org/10.1001/jamadermatol.2023.4508   

47. Cao P, Xu W, Zhang L. Rituximab, Omalizumab, and Dupilumab Treatment Outcomes 

in Bullous Pemphigoid: A Systematic Review. Front Immunol. 2022;13:928621. 

Published 2022 Jun 13. 

https://doi.org/10.3389/fimmu.2022.928621   

48. Eskandarpour M, Chen YH, Nunn MA, Coupland SE, Weston-Davies W, Calder VL. 

Leukotriene B4 and Its Receptor in Experimental Autoimmune Uveitis and in Human 

Retinal Tissues: Clinical Severity and LTB4 Dependence of Retinal Th17 Cells. Am J 

Pathol. 2021;191(2):320-334. 

https://doi.org/10.1016/j.ajpath.2020.10.010   

49. Sadik CD, Rashid H, Hammers CM, et al. Evaluation of Nomacopan for Treatment of 

Bullous Pemphigoid: A Phase 2a Nonrandomized Controlled Trial. JAMA Dermatol. 

2022;158(6):641-649. 

https://doi.org/10.1001/jamadermatol.2022.1156 

50. Passeron T, Fontas E, Boye T, Richard MA, Delaporte E, Dereure O. Treatment of 

Bullous Pemphigoid with Avdoralimab: Multicenter, Randomized, Open-Labeled 

Phase 2 Study. JID Innov. 2024;4(6):100307. Published 2024 Aug 23.   

https://doi.org/10.1016/j.xjidi.2024.100307 

51. Dhillon S. Sutimlimab: First Approval. Drugs. 2022;82(7):817-823.  

https://doi.org/10.1007/s40265-022-01711-5 

https://doi.org/10.1097/ACI.0000000000000744
https://doi.org/10.1093/bjd/ljad369
https://doi.org/10.1001/jamadermatol.2023.4508
https://doi.org/10.3389/fimmu.2022.928621
https://doi.org/10.1016/j.ajpath.2020.10.010
https://doi.org/10.1001/jamadermatol.2022.1156
https://doi.org/10.1016/j.xjidi.2024.100307
https://doi.org/10.1007/s40265-022-01711-5


25 
 

52. Freire PC, Muñoz CH, Derhaschnig U, et al. Specific Inhibition of the Classical 

Complement Pathway Prevents C3 Deposition along the Dermal-Epidermal Junction in 

Bullous Pemphigoid. J Invest Dermatol. 2019;139(12):2417-2424.e2. 

https://doi.org/10.1016/j.jid.2019.04.025 

53. Markham A. Reslizumab: First Global Approval [published correction appears in 

Drugs. 2016 Jul;76(11):1159. doi: 10.1007/s40265-016-0608-x]. Drugs. 

2016;76(8):907-911. 

https://doi.org/10.1007/s40265-016-0583-2 

54. Rhyou HI, Han SH, Nam YH. Successful induction treatment of bullous pemphigoid 

using reslizumab: a case report. Allergy Asthma Clin Immunol. 2021;17(1):117. 

Published 2021 Nov 16. 

https://doi.org/10.1186/s13223-021-00619-1 

55. Almezgagi M, Zhang Y, Hezam K, et al. Diacerein: Recent insight into pharmacological 

activities and molecular pathways. Biomed Pharmacother. 2020;131:110594. 

https://doi.org/10.1016/j.biopha.2020.110594 

56. Cho YT, Lee CH, Lee JY, Chu CY. Targeting antibody-mediated complement-

independent mechanism in bullous pemphigoid with diacerein. J Dermatol Sci. 

2024;114(1):44-51. 

https://doi.org/10.1016/j.jdermsci.2024.03.001 

57. Xue R, Li G, Zhou Y, et al. Efficacy and safety of low-dose interleukin 2 in the treatment 

of moderate-to-severe bullous pemphigoid: A single center perspective-controlled trial. 

J Am Acad Dermatol. 2024;91(6):1113-1117. 

https://doi.org/10.1016/j.jaad.2024.08.033 

58. Li Y, Liu X, Yu J, et al. Tofacitinib suppresses mast cell degranulation and attenuates 

experimental allergic conjunctivitis. Int Immunopharmacol. 2020;86:106737. 

https://doi.org/10.1016/j.intimp.2020.106737 

59. Oetjen LK, Mack MR, Feng J, et al. Sensory Neurons Co-opt Classical Immune 

Signaling Pathways to Mediate Chronic Itch. Cell. 2017;171(1):217-228.e13. 

https://doi.org/10.1016/j.cell.2017.08.006   

https://doi.org/10.1016/j.jid.2019.04.025
https://doi.org/10.1007/s40265-016-0583-2
https://doi.org/10.1186/s13223-021-00619-1
https://doi.org/10.1016/j.biopha.2020.110594
https://doi.org/10.1016/j.jdermsci.2024.03.001
https://doi.org/10.1016/j.jaad.2024.08.033
https://doi.org/10.1016/j.intimp.2020.106737
https://doi.org/10.1016/j.cell.2017.08.006


26 
 

60. Juczynska K, Wozniacka A, Waszczykowska E, et al. Expression of the JAK/STAT 

Signaling Pathway in Bullous Pemphigoid and Dermatitis Herpetiformis. Mediators 

Inflamm. 2017;2017:6716419. 

https://doi.org/10.1155/2017/6716419 

61. Fan B, Wang M. Tofacitinib in recalcitrant bullous pemphigoid: a report of seven cases. 

Br J Dermatol. 2023;188(3):432-434. 

https://doi.org/10.1093/bjd/ljac078 

62. Xiao Y, Xiang H, Li W. Concurrent bullous pemphigoid and plaque psoriasis 

successfully treated with Janus kinase inhibitor Baricitinib. Dermatol Ther. 

2022;35(10):e15754. 

https://doi.org/10.1111/dth.15754 

63. Winters JL. Plasma exchange: concepts, mechanisms, and an overview of the American 

Society for Apheresis guidelines. Hematology Am Soc Hematol Educ Program. 

2012;2012:7-12. 

https://doi.org/10.1182/asheducation-2012.1.7 

64. Cui Y, Hu C, Cheng Y, Han X, Wang W. Plasmapheresis: a feasible choice for bullous 

pemphigoid patients infected with SARS-CoV-2. Int J Dermatol. 2022;61(2):252-256. 

https://doi.org/10.1111/ijd.15892  

 

https://doi.org/10.1155/2017/6716419
https://doi.org/10.1093/bjd/ljac078
https://doi.org/10.1111/dth.15754
https://doi.org/10.1182/asheducation-2012.1.7
https://doi.org/10.1111/ijd.15892

