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Tis paper systematically reviews the current articles regarding the use of dupilumab in the treatment of bullous pemphigoid (BP)
to evaluate its safety and efcacy. PubMed, Embase, Cochrane Library, and Web of Science databases were searched for
publications on dupilumab for BP from inception to 10March, 2023. A total of 26 studies were included for systematic review.Te
primary outcome was clinical remission, and the secondary outcomes were recurrence and adverse events. Among 96 patients,
71.8% (n� 69/96) received systemic or topical steroids, immunosuppressants, immunomodulators, intravenous immunoglob-
ulins, antihistamines, plasmapheresis, rituximab, and omalizumab, but none of them were successful. After dupilumab treatment,
66.7% (n� 64/96) of patients achieved complete remission, 25.0% (n� 24/96) had partial remission, 5.2% (n� 5/96) showed no
remission, and no patients experienced deterioration. In addition, 1.0% (n� 1/96) and 2.0% (n� 2/96) patients stopped using
dupilumab due to adverse reactions and cost, respectively. Te average remission time was 4.5months. 46.2% (n� 25/96) of the
patients were followed up with a median follow-up of 8months and only 2 patients relapsed at 8 and 7months, respectively.
Adverse event was 16.9% (n� 12/71), of which transient eosinophilia was the most common. Tis study indicates that the
dupilumab is a promising treatment for BP with high clinical beneft associated with low recurrence rate, adverse event rate, and
mortality. However, a large-scale randomized controlled trial is needed to further confrm the safety and efcacy of dupilumab in
patients with BP treatment.

1. Introduction

Bullous pemphigoid (BP) is the most common subepidermal
autoimmune blistering diseases clinically characterized by
blisters or/and erosions of the skin and mucosa with severe
pruritus, mainly afecting individuals aged more than
60 years old worldwide [1]. As aging advances by leaps and
bounds, the world incidence and prevalence of BP is in-
creasing. Te cumulative incidence of BP is 8.2 (95% CI 4.8
to 13.7) per million people whereas the incidence rate is 34.2
(95%CI 19.2 to 60.7) per million person-years [2]. As
a capital cause of mortality in the elderly population with
autoimmune skin diseases, the 1-year mortality rate of BP in
the Middle Eastern population (26.9%) is in line with Eu-
ropean (26.7%) and prominently higher than Asia (20.5%)
and the United States (15.1%) [3]. At present, clinical

features, histopathology, direct/indirect immunofuores-
cence, and specifc antibodies detections can all be used as
diagnostic methods for BP.

Te corticosteroids are crucial for treating BP, and
topical or systemic corticosteroids can be administered
according to the severity of BP. For moderate and severe BP,
minocycline, nicotinamide, dapsone and other immuno-
modulators, or immunosuppressants (such as methotrexate,
cyclosporine, azathioprine, and mycophenolate mofetil) can
also be used in combination on the basis of corticosteroids.
In addition, there are intravenous immunoglobulin, plasma
exchange, and other treatment methods [4]. Due to BP being
the most common disease among elderly patients with
a variety of basic diseases, high-dose corticosteroids and
immunosuppressive measures undoubtedly increase the
incidence of adverse events and medication safety issues,
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leading to a markedly increase in the total mortality of BP.
Terefore, the biologic agents with low safety issues and
good therapeutic efects are expected to be used for treating
BP. Currently, rituximab, omalizumab, and dupilumab are
novel biologic agents used in the treatment of BP in recent
years, but their application data in this disease are limited.
Rituximab is a human-mouse chimeric monoclonal anti-
body against B lymphocyte CD20, which can specifcally
bind to the transmembrane antibody CD20 on the surface of
B lymphocytes and clear peripheral B lymphocytes, and thus
reducing the production of pathological antibody [5]. IgE
plays an important role in the pathogenesis of BP. Omali-
zumab, as a recombinant humanized monoclonal IgG1
antibody targeting IgE, can specifcally bind to IgE, reduce
the level of free IgE, and prevent IgE from interacting with
FcεRI, thereby signifcantly reducing infammatory cell ac-
tivation and infammatory cascade, lowering eosinophil
levels, reducing blister formation, and alleviating itch [5, 6].
Some studies suggest that patients who do not respond to
rituximab and omalizumab often achieve remission after
using dupilumab or in combination [7–15]. Dupilumab is
a recombinant fully human IgG4 monoclonal antibody that
selectively binds to human interleukin-4 receptor α(IL-4Rα)
subunit and has the potential to inhibit both IL-4 and IL-13
signaling. It was theorized for autoimmune bullous diseases
in 2019 and can signifcantly improve the treatment of BP
patients who are resistant to corticosteroids, multiple im-
munosuppressants, immunomodulators, rituximab, and
omazumab [16]. Hence, it can be seen that dupilumab will
become a promising way for BP treatment.

Presently, the dupilumab has initially shown satisfactory
efcacy in treating BP, but it is still in the initial stage of
application. Tere is limited systematic data on the efcacy
and safety of dupilumab, mainly in case series and case
reports. Terefore, we decided to conduct this study by
systematically reviewing existing reports on dupilumab and
its treatment in BP patients to evaluate its safety and efcacy
for treating BP.

2. Literature Analysis Methods

Tis systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
statement [17] and was registered with the PROSPERO
registry (CRD42023404620). Articles on dupilumab for BP
were searched in PubMed, Embase, Cochrane Library, and
Web of Science databases from inception to March 10, 2023.
Te following search terms were used: (Pemphigoid, Bul-
lous) OR (Bullous Pemphigoid) OR (Pemphigoid) OR
(Pemphigoids)) AND ((Dupilumab) OR (SAR231893) OR
(SAR-231893) OR (Dupixent) OR (REGN668) OR (REGN-
668). In addition, the reviewers manually searched the
relevant articles independently to avoid any additional ar-
ticles that search engines might miss.

2.1. Eligibility Criteria. Te diagnosis of BP should conform
to the clinical characteristics of tension blisters and bullae
usually appearing on an erythematous base, negative

Nikolsky’s sign, mild or no mucosal damage, often ac-
companied by itch, and meet at least one of the following
auxiliary diagnoses: (1) histopathology: subepidermal blis-
ters with eosinophilic and/or neutrophilic infammatory
infltration. (2) Direct immunofuorescence: the basement
membrane area contains linear deposition of IgG and/or C3,
and a few patients have linear deposition of IgA or IgE. (3)
Indirect immunofuorescence: IgG autoantibodies that
recognize the basement membranes are present in the serum
of the patient and exhibit a linear distribution. (4) Specifc
antibody detection: elevated levels of anti-BP180 and/or
anti-BP230 IgG antibodies can be detected in serum.Tere is
no language or geographical restrictions on searching.

2.2. Outcomes. Primary outcomes: resolution outcomes of
dupilumab treatment are as follows:

(1) Complete remission: Total resolution of BP lesions
or well-controlled disease.Te publications that used
the terms “complete remission,” “complete re-
sponse,” “complete control,” “complete clearance,”
“complete resolution,” or “symptom free” are
included.

(2) Partial remission: Improvement but has not reached
the total resolution of BP lesions. Te publications
that used the terms “partial remission,” “partial re-
sponse,” “partial control,” or “improvement” are
included.

(3) No remission: No improvement in BP lesions. Te
publications that used the terms “no remission”, “no
response” or “no improvement” are included.

(4) Worsening: Exacerbation of BP lesions.

Te secondary outcomes are as follows:

(1) Recurrence: Onset of new lesions during or after
completion of dupilumab treatment. Te publica-
tions that used the terms “relapsed,” “fare,” “re-
currence of bullae,” or “new blister” are included.

(2) Adverse events.

2.3. Study Selection and Data Extraction. Two reviewers (Ye
and Ling) independently screened and cross-checked the
retrieved articles, conducted preliminary screening by
reading the title and abstract, and fnally determined the
articles to be included in the systematic review by reading
the full text. Two reviewers (Ye and Ling) independently
extracted the following information from included studies:
frst author, publication year, study design, number of pa-
tients, gender, age, BP duration, comorbidities, previous
treatment, concomitant treatment, resolution outcome, re-
currence, and adverse events. Any disagreement was re-
solved through discussion with a third reviewer (Chen).

2.4.QualityAssessment. Publications were graded according
to the Oxford Centre for Evidence-Based Medicine 2009
Levels of Evidence [18]: (A) retrospective study and (B) case
reports or case series.
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2.5. Statistical Analyses. Descriptive statistics were used to
analyze the data. Categorical variables are presented as
numbers and percentages, and continuous variables are
expressed as mean and range.

3. Literature Analysis Results

As is shown in Figure 1, a total of 174 publications were
retrieved, of which 120 duplicated studies were excluded, 18
were excluded after reading the title and abstract, 10 were
excluded after further full text reading, and 26 were fnally
included in a systematic review, with a total of 96 patients
[7–15, 19–35]. Te study mainly included 6 retrospective
studies, 18 case reports, and 2 case series. Among the 96
patients, 41.7% (n� 40/96) were female and 58.3% (n� 56/
96) were male, showing no statistical diference in gender.
Te median age was 74 years (range: 17–91 years) and me-
dian course of the disease was 12months (range:
1–144months). 28 patients were reported with BP IgG
antibody information, of which 35.7% (n� 10/28) were
positive for anti-BP180 IgG and anti-BP230 IgG, 7.1% (n� 2/
28) were positive for anti-BP180 IgG, while anti-BP230 IgG
was negative, 42.9% (n� 12/28) only reported positive for
anti-BP180 IgG, and 14.3% (n� 4/28) only reported positive
IgG antibodies without specifc information. In addition,
among 44 patients with serum total IgE data available, 97.7%
(n� 43/44) had an increase in total IgE levels. In 15 patients,
80% (n� 12/15) had elevated eosinophil levels. Before
dupilumab treatment, 65.6% (n� 63/96) of patients received
systemic or topic steroids; 11.5% (n� 11/96), 5.2% (n� 5/
96), 4.2% (n� 4/96), 3.1% (n� 3/96), 3.1% (n� 3/96), and
3.1% (n� 3/96) received immunosuppressants methotrexate,
mycophenolate mofetil, azathioprine, cyclosporine, cyclo-
phosphamide, and Tripterygium Glycosides tablets, re-
spectively; 3.1% (n� 3/96), 1.0% (n� 1/96), 17.7% (n� 17/
96), and 7.3% (n� 7/96) received dapsone, thalidomide,
doxycycline/minocycline, and nicotinamide, respectively;
7.3% (n� 7/96), 3.1% (n� 3/96), and 1.0% (n� 1/96) received
intravenous immunoglobulin, antihistamines, and plasma-
pheresis, respectively; 4.2% (n� 4/96) and 7.3% (n� 7/96)
received rituximab and omalizumab, respectively, but all
failed. Due to some studies not providing information on the
duration of previous treatment drugs and whether dupilu-
mab was used alone or in combination, we are currently
unable to better summarize the duration of previous
treatments and the proportion of patients receiving dupi-
lumab as a monotherapy or in combination. 28.1% (n� 27/
96) did not receive any treatment before medication. Table 1
shows the baseline characteristics of the included articles and
patients.

After dupilumab treatment, 66.7% (n� 64/96) of patients
achieved complete remission, 25.0% (n� 24/96) had partial
remission, 5.2% (n� 5/96) showed no remission, and no
patients experienced deterioration. In addition, 1.0% (n� 1/
96) and 2.0% (n� 2/96) patients stopped using dupilumab
due to the adverse reactions and cost, respectively. Temean
remission time was 4.5months (range: 1–15months). 46.2%
(n� 25/96) of the patients were followed up with a median
follow-up of 8months (range: 4–12months). Only 2 patients

relapsed at 8 and 7months, respectively, and one of them
showed signifcant improvement after re-treatment with
dupilumab.

Information related to adverse events was reported in 10
articles with a total of 71 patients. No adverse events oc-
curred in 83.1% (n� 59/71) of patients. Eosinophilia, deep
venous thrombosis or pulmonary embolism, osteoporosis,
poor cutaneous tolerance with “buming” sensation, herpes
zoster, gastritis, pneumonia, and moderate pleural efusion
due to Nocardia infection occurred in 5.6% (n� 4/71), 2.8%
(n� 2/71), 1.4% (n� 1/71), 1.4% (n� 1/71), 1.4% (n� 1/71),
1.4% (n� 1/71), 1.4% (n� 1/71), and 1.4% (n� 1/71) of
patients, respectively. No adverse events were reported in
26.0% (n� 25/96) of patients. Tere were 2 death events
unrelated to treatment in 96 patients.

4. Discussion

A total of 96 patients were included in this systematic review,
including 56 males and 40 females. Te median age was
74 years (range: 17–91 years), consistent with the previously
reported age of BP onset except for one 17-year-old girl with
BP. BP is a relatively rare disease in children and adolescents.
Te treatment of pediatric BP usually requires corticoste-
roids and immunosuppressant, but it is worth noting that
these drugs have signifcant side efects and therefore need to
be used with great caution in pediatrics. In recent years, the
dupilumab has emerged as a promising pediatric BP
treatment, although there are more studies in older patients
presently, and it is currently approved for widespread use in
children with atopic dermatitis and has a high safety.

Before receiving dupilumab, 68 patients had received
one or more traditional therapies, such as topical or systemic
corticosteroids, doxycycline, minocycline, niacinamide,
mycophenolate mofetil, dapsone, azathioprine, methotrex-
ate, antihistamines, cyclosporine, cyclophosphamide, Trip-
terygium Glycosides tablets, thalidomide, plasmapheresis,
and intravenous immunoglobulin, while all of which were
inefective. 11 were patients treated with other biological
agents previously but showed poor efcacy. Among the four
patients who received dupilumab treatment after failure of
rituximab treatment, three had complete remission and one
did not. Among the seven patients who failed omalizumab
treatment, six achieved a complete response with dupilumab
and one achieved a partial response. Diferent biological
agents can achieve diferent clinical efcacy, indicating the
complexity of autoantibody types and the extensive in-
terindividual variation inherent in BP. Of note, one patient
who received both omalizumab and dupilumab treatment
achieved a complete response after 3months of treatment,
and no relapse was observed after 7months of follow-up. For
patients who did not have a response, whether to consider
the combination of two or more biological agents need to be
confrmed by large-scale clinical trials.

At present, the pathogenesis of BP is not completely
clear, and some studies have shown that the autoimmune
response driven by type 2 helper T cells (T2) induces and
maintains the occurrence of BP. T2 cells can stimulate the
proliferation of B cells and the production of autoantibodies
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and promote mast cell degranulation. T2-related in-
fammatory cytokines and chemokines, such as IL-4, IL-5,
IL-13, and CC motif chemokine ligand (CCL)-13 and CCL-
18, are highly expressed in early BP lesions and serum
[16, 36]. A study by Wanget al. [37] indicated that IL-13
concentration was elevated in blood circulation in BP pa-
tients. Another study suggests that the CCL-18 titers in the
serum and blister fuid of BP patients were approximately 2
and 10 times higher than those of the healthy control group,
respectively [38]. IL-4 and IL-13 are the main cytokines that
drive T2 response and can stimulate the growth and re-
cruitment of eosinophils. Eosinophil infltration is believed
to contribute to the formation of blisters. IL-5 is also a key
cytokine that regulates the maturation, survival, and re-
cruitment of eosinophils and promotes eosinophils traf-
fcking and accumulation into tissues, leading to separation
inevitably occurred at the derma-epidermal junction. It was
thought formerly that BP was mainly caused by circulating
autoantibodies IgG targeting the structural proteins BP180
and BP230 in the epidermal basement membrane zone.
BP230 is a 230 kDa intracellular protein and BP180 is
a 180 kDa transmembrane protein. Te extracellular non-
collagenous 16A (NC16A) domain of BP180 contains
immunodominant epitopes, and anti-NC16A IgG anti-
bodies correlate with disease activity. Interestingly, the re-
cent studies found that IgE autoantibodies with similar
epitope specifcity can be detected in serum and skin of BP
patients as well and their titers refect the severity of the
disease, indicating that IgE may also play an important role

in the pathogenesis of BP. IgE autoantibodies may regulate
the function of T2 cells and mediate T1/T2 balance drift
towards T2 by activating the IL-4/IL-13 pathway [16, 39].
BP is usually associated with an increase in peripheral blood
eosinophils and serum IgE. Histopathology showed an in-
crease in eosinophils infltration in BP blister fuid, which is
consistent with the statistical results of this work. In addi-
tion, some studies have demonstrated that eosinophilia is
closely related to circulating total IgE levels. For BP patients
with total IgE≥ 400 IU/mL, the peripheral blood eosinophil
counts relevant to the level of anti-BP180 IgE autoanti-
bodies, which may be related to the expression of high-
afnity IgE receptors FcεRI on eosinophils in BP patients
[40, 41]. T2 cells and related cytokines and chemokines can
stimulate the production of eosinophils, thus exacerbating
the condition, while eosinophils can promote the diferen-
tiation of T cells into T2 cells through the IL-4/5/13
pathway, thereby forming a positive feedback to maintain
high levels of infammation in patients [16].

Apart from skin lesions, BP also exhibits intense itch.
Research has confrmed that the amount of pruritus me-
diators in the skin lesions of BP patients were increased
compared to healthy controls [42]. IL-31 is a cytokine re-
leased byT2 cells and has been identifed as one of the main
sources of pruritus in BP patients [43]. By blocking the IL-4/
IL-13 pathways, the T2-driven infammatory response can
be inhibited, and the secretion of IL-31 and peripheral
pruritus sensory neuron signals can be reduced, thereby
improving pruritus symptoms.
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Figure 1: Flow diagram of the literature search and study selection.
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Te IL-4/IL-13 pathway plays a major role in the
pathogenesis of BP, laying a theoretical foundation for the
treatment with dupilumab. At present, the mechanism of
dupilumab in the treatment of BP has not been fully clarifed.
Figure 2 shows the possible mechanism of dupilumab in
treating BP. Dupilumab is a recombinant human mono-
clonal antibody that can specifcally bind to IL-4Rα subunits,
coreceptor of IL-4 and IL-13, block downstream signal
transduction of IL-4 and IL-13, inhibit B cell proliferation,
eosinophil chemotaxis, and T2 chemokine expression,
thereby alleviating T2-cell-mediated diseases [44]. Dupi-
lumab may be a viable treatment option for BP because it is
an IL-4Rα antagonist and has additional IL-31 inhibitory
properties [22, 45]. In our report, dupilumab has achieved
good clinical efcacy in BP with complete response rate of
66.7%, partial response rate of 25%, and total efective rate of
91.7%. Although dupilumab has achieved good clinical ef-
fcacy, not all BP patients have responded well to dupilumab
treatment. What kind of BP patients have a good efect after
treatment with dupilumab, or what kind of indicators can
suggest that the patient can choose dupilumab, which is still
a gap that needs to be flled in current research. At present,
a retrospective cohort study may provide us with a reference
that patients with serum anti-BP180 antibody levels ≥50 RU/
mL and femalemay have better responses to dupilumab [46].
Terefore, in the following work, it is hoped that there will be
large-scale clinical randomized controlled trials and high-
quality systematic review to address this issue.

Te most common adverse efect of dupilumab in this
report is a transient increase in peripheral blood eosinophils,
and its mechanism is not fully understood, but several
studies have proposed some possible explanations. IL-4 and
IL-13 regulate eosinophilic chemokines and induce the
expression of vascular cell adhesion molecule 1 in endo-
thelial cells, thereby promoting the entry of eosinophils into
infammatory site through vascular endothelial cells [47, 48].
After dupilumab treatment, the IL-4 and IL-13 levels in
peripheral blood were downregulated, which mainly
inhibited the migration and infltration of blood eosinophils
into skin tissues, but could not directly target the IL-5
pathway to regulate the maturation, proliferation, and

circulation of bone marrow eosinophils. As the main eo-
sinophil chemotactic agent, IL-5 can promote the release of
various infammatory mediators and proteases from eo-
sinophils into lesions, leading to the formation of blisters.

In addition, IL-5 can promote eosinophil passage
through the basement membrane and induce superoxide
anion to enhance the release of eosinophilic plasma particles
through synergistic efects with eosinophilic chemokines. As
a result, the number of eosinophils in the circulation may
increase to some extent. However, interfering with the IL-4/
IL-13 pathway also reduces the production of eosinophils,
which may partially ofset the dupilumab-associated eo-
sinophilia, which explains why the accumulation of eosin-
ophils in the blood is transient [49]. As for other adverse
events, such as osteoporosis, poor cutaneous tolerance with
“buming” sensation, herpes zoster, and gastritis, reported in
the included articles [7, 25, 31], the incidence rate is ex-
tremely low, individual diferences cannot be excluded, nor
can it be clearly confrmed that their occurrence is related to
the use of dupilumab, which needs further research. We
believe that with the widespread application of dupilumab in
the treatment of BP, the situation and mechanism of adverse
reactions will gradually become clearer. In addition, some
newly published articles have reported that there were no
adverse reactions or only injection-related adverse reactions
during the treatment of BP with dupilumab [50–53].
Terefore, we can preliminarily conclude that the treatment
of BP with dupilumab is generally safe. Tis is consistent
with the conclusion of another review article [54].

5. Conclusion

Tis systematic review comprehensively summarizes and
analyzes reports of dupilumab in BP treatment. Te results
indicate that dupilumab is a promising treatment for BP
with high clinical beneft associated with a low recurrence
rate, adverse event rate, and mortality. Due to the limitations
of small sample size, study design, and publication bias in
this systematic review, large-scale randomized clinical trials
are needed in the future to further confrm the safety and
efcacy of dupilumab in BP.

Recruitment of eosinophils IgE production

Dupilumab

IL-4IL-4Rα IL-13

Type 2 Inflammation

Figure 2: Possible mechanism diagram of dupilumab in treating BP.
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