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Bullous pemphigoid is an autoimmune subepithelial
disease characterised by pruritus followed by urtica-
rial plaques and finally bullae on the skin and mucosa.
Drug-associated bullous pemphigoid (DABP) is a term
used to describe instances of bullous pemphigoid de-
monstrating clinical, histological, or immunopatholo-
gical features identical or similar to those of the idio-
pathic form of bullous pemphigoid, associated with the
systemic ingestion, or topical application of particular
drugs. In this study, we conducted a comprehensive
search of the literature according to PRISMA guideli-
nes and a total of 170 publications were included in the
final qualitative analysis. In conclusion, 89 drugs were
implicated in DABP. The strongest evidence for DABP
is seen with gliptins, PD-1/PD-L1 inhibitors, loop diu-
retics, penicillin and derivatives. An appreciation of
the medications associated with bullous pemphigoid
enables clinicians to identify potential cases of DABP
earlier and cease the offending medication.
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ullous pemphigoid (BP) is an autoimmune subepi-

thelial disease characterised by the generation of
pruritus followed by urticarial plaques and finally bullae
on the skin and mucosa. BP arises when autoantibodies
are generated against two hemidesmosomal proteins,
BP230 and BP180. This leads to the activation of the
complement cascade, inflammatory cell migration, and
formation of subepithelial bullae (1). Drug-associated
BP (DABP) is a term used to describe instances of BP
demonstrating clinical, histological, or immunopatho-
logical features identical or similar to those of the idio-
pathic form of the disease. DABP may be associated
with the systemic ingestion or topical application of
particular drugs (2). An appreciation for the underlying
genetic susceptibility of the individual to the particular
drugs has been postulated, as only a select few experience
the clinical disease when exposed, hence suggesting a
multifactorial origin of the disease.

In the ensuing review, we will concisely describe the
epidemiology, genetic implications, aetiology, pathophy-
siology of the drug reaction, followed by a comprehen-
sive discussion of the drugs implicated in DABP.
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SIGNIFICANCE

e Our article provides a comprehensive review of the med-
ications implicated in drug-associated bullous pemphi-
goid with detailed accounts of the associated pathome-
chanisms.

e Having read this article, clinicians will be capable of sus-
pecting and diagnosing drug-associated bullous pemphi-
goid, enabling prompt management to be implemented.

MATERIALS AND METHODS

A comprehensive search of the literature was performed accor-
ding to the PRISMA guidelines using the PubMed, MEDLINE,
EMBASE and Cochrane Library, Scopus, ProQuest, and Web of
Science databases (3). Search criterion used to facilitate this were:
[“Pemphigoid, bullous pemphigoid, drug-induced bullous pem-
phigoid, drug-induced pemphigoid, bullous/chemically induced
pemphigoid*” MeSH]. The search was limited to those published
before January 13, 2019. Firstly, 1,191 articles have been found and
then further publications were identified through manual evalua-
tion of the references included in the retrieved publications. After
removing duplicates, irrelevant articles were excluded. Further on,
non-original review, commentaries and publications without full
text were excluded. There were 52 articles in languages other than
English, full texts were available for 15, which were translated
and incorporated into the analysis. Finally, 170 publications were
included in this qualitative synthesis (Fig. 1).

Records identified through
database searching PUBMED, Additional records identified
MEDLINE, Scopus, ProQuest, through other sources
EBM and EMBASE, and Web of (n=163)
Science
(n=1,191)
Records after duplicates removed
(n=771)
l Records excluded by title and
Records screened abstract due to an irrelevant focus
(n=1771) > (n=410), reference to linear IgA (18),
lichen planus pemphigoides (12),

mucous membrane pemphigoid (21),
pemphigoid gestationis (4)

A4
Full-text articles
assessed for eligibility |—|
(n = 306)

!

Studies included in
qualitative synthesis
(n=170)

Full-text articles excluded,
unable to locate full-text (n = 43)
non-original review, or commentary
(93)

Fig. 1. PRISMA flow diagram.
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RESULTS AND DISCUSSION

In our literature review, we identified 250 case reports of
DABP. These cases implicated 89 individual drugs from 9
diverse classes (Table SI'). Each case is incorporated into
a detailed spreadsheet revealing the characteristics of the
implicated drug (Table SII'). Based on the temporal rela-
tionship with administration and withdrawal, recurrence
with re-challenge, and the diagnostic certainty we were
able to gauge the strength of association with the drug.

Epidemiology

BP is the most common autoimmune blistering disorder
with a rising incidence of between 4 to 22 new cases per
million individuals per year in Europe (4, 5). Observational
studies have reported between a 1.9-4.3-fold increase in
the number of the cases in the past two decades (4, 6, 7). BP
most commonly occurs after the sixth to seventh decade.
Younger people are rarely affected and this is often more
severe than in the elderly (8). A vast majority of the BP
cases occur without an identifiable cause, although recog-
nition of the underlying cause may be fostered through a
meticulous history, with an emphasis on inducing factors,
such as co-existing conditions, and medications. A distin-
guishable precipitant is identified in < 15% of patients (9).

Genetic implications in drug-associated bullous
pemphigoid

An appreciation of the underlying genetic susceptibility
to BP has gradually been realised through an enhanced
understanding of the pathogenesis of the disease and no-
vel experimental techniques. An association of BP with
certain Major Histocompatibility Complex (MHC) class
1T alleles has been demonstrated by several investigators.
In particular, a significant association with the human
leukocyte antigen-DQP1*0301 allele has been established
in the populations of European descent (10, 11). Further
studies have revealed that while these findings are appli-
cable to populations of European descent, alternate alleles
may be implicated in other populations (12—14). In the
Japanese population a significant association with HLA-
DRB1*04, HLA-DRB1*1101 and HLA-BDB1*0302 al-
leles has been established (13). The suggested mechanism
of these HLA alleles contributing to the susceptibility to
BP involves facilitating antigen presentation of basement
membrane zone (BMZ) antigens to T cells. These HLA
alleles are associated with recognition of conserved
epitopes of the antigens of the BMZ in patients with BP
contributing to the initiation of autoimmunity (10, 15-17).
Studies have also demonstrated that BP180-specific Thl
and Th2 cells are restricted to the HLA-DQB1*0301 al-
lele with the Th1 phenotype present even in individuals
without clinical evidence of the disease (18). Whether the
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predisposing alleles are identical in idiopathic and DABP
remains uncertain. However, some drug-associated ad-
verse reactions have demonstrated a relationship with
some HLA alleles (19, 20).

Aetiology and pathophysiology of the drug reaction

In general terms, the pathogenesis of the drug-reaction in
DABP is beginning to be unravelled, however, the specific
causal relationships remain to be elucidated. Drugs are
considered to act as triggers in those with an underlying
genetic predisposition, leading to either augmentation
of the immune response or an alteration of the antigenic
properties of the epidermal BMZ (21). Drugs may alter
these antigenic properties by binding to molecules in the
lamina lucida of the BMZ, thereby acting as neoantigens,
and inducing the formation anti-BMZ antibodies (22, 23).
Alternatively, they may structurally modify molecules and
uncover previously hidden epitopes, hence stimulating the
immune response (24, 25). Indeed, Patsatsi et al. (26) re-
vealed an elevated titre of anti-BP180NC16A auto-antibo-
dies in a group of patients receiving systemic medications
prior to the development of the disease, when compared to
the those receiving no medications, supporting the theory
of drug-associated epitope spreading. A ‘two-step’ theory
has been hypothesised proposing that two separate drugs
may induce the disease with evidence observed in BP, and
other related bullous dermatoses (27, 28).

These drugs can be categorised according to the functio-
nal groups inherent in their chemical structure, as either
thiol-drugs, phenol-drugs, and non-thiol non-phenol drugs.

Thiol-based medications. The vast majority of thiol drugs
are known to contain, or release sulfthydryl groups either
within the precursors, or the catabolised metabolite (29)
(Table I). Thiol-drugs are capable of structurally modi-
fying the molecule to either act as haptens, or uncover
epitopes resulting in the formation of anti-BMZ antibo-
dies. Alternatively, through an independent non-immune
mechanism, the metabolism of these thiol-drugs is cap-
able of disrupting the integrity of the dermo-epidermal
junction in the BMZ attained by interaction with the sul-
fhydryl groups in desmosomes (21, 30). Particular thiol-
drugs, for example penicillamine, are able to decrease
the activity of regulatory T cells (Treg) enabling the
hyperproduction of autoantibodies towards the antigens
of the BMZ (2, 31). These mechanisms synergistically
promote the initiation, and progression of the disease.

Phenol-based medications. Phenol-drugs are those
recognised to incorporate a phenyl group bonded to a
hydroxy group in their molecular structure. The phenol-
drugs associated with DABP include a collection of the
cephalosporins, and aspirin (2, 31). These drugs are im-
plicated in other autoimmune blistering diseases, namely
pemphigus vulgaris, in which they induce acantholysis,
a feature not normally present in the classic pathological
description of BP (32). A similar mechanism acting to
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Table I. Medications implicated in

pemphigoid

drug-associated bullous

Likely association?

Probable association®

Uncertain association®

Alogliptin Actinomycin-D Aldesleukin (IL-2)
Anagliptin Adalimumab Amantadine
Aspirin Amoxicillin Amlodipine
Biostim® Ampicillin Anthralin (dithranol)
D-Penicillamine Arsenic Azapropazone
Enalapril Atezolizumab Captopril
Erlotinib Bumetanide Coal tar
Etanercept Celecoxib Complementary medicines
Everolimus Cephalexin Dabrafenib
Furosemide Chloroquine Doxepin
Ibuprofen Ciprofloxacin Enoxaparin
Levofloxacin Diclofenac Escitalopram
Linagliptin Dorzolamide Fluorouracil
Nivolumab Durvalumab Flupenthixol
Pembrolizumab Efalizumab Galantamine hydrobromide
Phenacetin Fluoxetine Herpes zoster vaccine
Psoralens with UVA Gabapentin Influenza vaccine
Rifampicin Griseofulvin Todide
Serratiopeptidase Hepatitis B vaccine Levetiracetam
Sirolimus Hexavalent combined Mesalazine
Sitagliptin vaccine Nadolol
Teneligliptin Hydrochlorothiazide Nifedipine
Tetanus toxoid Infliximab Novoscabin (benzyl
Tiobutarit Ipilimumab benzoate)
Vildagliptin Lisinopril Omeprazole
Losartan Placental extracts
Mefenamic acid Photodynamic therapy
Metamizole Risperidone
Metronidazole Rotavirus vaccine
Penicillin Sulfonamide
Rosuvastatin Swine flu vaccine
Spironolactone Timolol
Sulfasalazine Valsartan

Terbinafine
Ustekinumab

@recurrence or exacerbation with rechallenge supports association with medication,
or recognised by extensive body of evidence (e.g. gliptins). "temporal relationship
with initiation of medications in younger individuals, or spontaneous resolution
with the cessation of the offending medication. “temporal relationship with the
initiation of medication in older individuals. Colour indicate presence of functional
groups: thiol (red), phenol (blue), non-thiol non-phenol (black).
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disrupt the integrity of the BMZ may reveal hidden epito-
pes enabling autoantibody production. Correspondingly,
a causal association with aspirin has been proposed where
aspirin may serve as a hapten altering the antigenicity of
the lamina lucida or by attaching to cellular target sites
leading to formation of autoantibodies (31).

Non-thiol non-phenol medications. An expanding as-
sortment of non-thiol non-phenol drugs are recognised
as capable of inducing BP (Table I).

Clinical manifestations of the drug reaction

As opposed to the idiopathic form, the clinical manifes-
tations of DABP are heterogenous, which often delays
recognition of the underlying diagnosis (Table II). Patients
are often considerably younger than those affected by the
idiopathic form. Histological features of DABP encompass
a few different findings seen often than idiopathic BP
(33). No specific antigens for DABP have been identified,
suggesting that the antigens are, at least in part, the same
of the ones detected in the idiopathic BP (IBP) (25, 34).
Immunofluorescence reveals a similar profile to IBP.
The natural history of DABP is relatively uncertain,
although two divergent courses have been identified.
These include an acute, self-limited form characterised
by definitive resolution following the withdrawal of
the supposed drug (21). This form is reminiscent of a
true-drug reaction. In contrast, a chronic form may be
observed demonstrating all of the characteristic features
of the idiopathic-form of BP, which persists even after
the removal of the offending agent and may require pro-
longed therapeutic intervention to establish control (21).

Drugs implicated in drug-associated bullous pemphigoid

DABP was originally considered to be a distinct disease
entity when Bean et al. (22) discovered a bullous eruption
following the administration of salicylazosulfapyridine
to an 11-year old boy in 1970. Since this initial case 89

Table II. Observed differences between drug-associated bullous pemphigoid and idiopathic bullous pemphigoid

Drug-associated bullous pemphigoid

Idiopathic bullous pemphigoid

History Patient is often subject to polypharmacy.
Recently introduced drug therapy
Clinical findings Tendency toward younger age groups

Lesions on normal appearing skin

May resemble other entities such as erythema multiforme, or pemphigus

Mucosal involvement may be present

May have involvement of palms and soles
Nikolsky sign® may be positive

Prominent eosinophilic infiltrate

May be evidence of necrotic keratinocytes
May be evidence of intraepidermal vesicles
Formation of thrombi may be apparent.
Marked eosinophilia present in serum

Investigations

Course
May improve with cessation of inciting agent
Relapses may occur (i.e. drug-triggered)
May rarely lead to scarring

Responds promptly to treatment with topical, or systemic corticosteroids

Patient may be subject to polypharmacy
No recently introduced drug therapy
Tendency towards older age groups
Lesion on erythematous or urticarial base

Often classic features of pruritus followed by development of large tense
bullae

Mucosal involvement is very rare

Frequent involvement of the extremities
Nikolsky sign? is negative

Eosinophilic infiltrate may be apparent
Rarely evidence of necrotic keratinocytes
No evidence of intraepidermal vesicles
Formation of thrombi is seldomly observed
Eosinophilia present in serum

May exhibit a protracted course despite systemic corticosteroid therapy
No provocative agent is identified
Relapses often occur

Scarring not a prominent feature

@Nikolsky sign has been of diagnostic importance in pemphigus, although concern has arisen regarding the sensitivity and specificity of the technique in particular in

terms of the operator dependence and interpretation (101).
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drugs have been believed to be associated with inducing
BP (Table I and Table SI'). While these case reports often
describe tentative associations with the administration of
the medications based on the temporal relationship, or
analogy with previously reported cases, a causal relation-
ship often remains elusive. As such, clinical judgement
has regularly been used to justify the diagnosis of drug-
associated reactions based on the history, clinical exa-
mination, histological and immunopathological findings.

These clinical judgements are subjective to several
potentially confounding factors. In most of the cases
reported the patients have been exposed to multiple
medications simultaneously, thus obscuring the ability
to accurately discern the medication responsible (35,
36). Another factor that has come to be appreciated
is the influence of over-the-counter medications, and
complementary and alternative medicines, which may
be withheld either consciously or unconsciously (37,
38). In order to gain more definitive evidence of a cau-
sal relationship a rechallenge may be proposed though
ethical concerns arise, and therefore many patients who
have been rechallenged has been done so though inad-
vertent exposure to the offending medication rather than
a deliberate intervention (38).

Anti-inflammatory drugs. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) were one of the first recognised to
be associated with the development of BP (22). There
are now 13 cases described in the literature implicating
8 different NSAIDs, which differ in their structural
composition and proposed mechanism of inducing BP.
Celecoxib contains a sulfonamide moiety, theorised as
a hapten through covalent linkages between macromo-
lecules and reactive sulfonamide intermediaries (39).
Aspirin is also proposed to act as an autoimmune hapten,
notably whilst devoid of a sulthydryl group, altering the
antigenicity of the lamina lucida or to attach to the cel-
lular target site leading to formation of autoantibodies
(31). While these case reports demonstrate an associa-
tion and have proposed mechanisms to explain this, the
UK case-control study demonstrated no significant dif-
ference in the number of patients taking aspirin in those
developing BP (40).

Sulfasalazine contains a sulthydryl postulated to be
responsible for induction of an autoimmune reaction by
acting as a hapten to basement membrane entities, and
may exhibit a degree of cross-reactivity with dapsone
often used for treatment (22).

Rechallenge has been performed with aspirin, diclofe-
nac, phenacetin and sulfasalazine with recurrence further
supporting an association (25, 31).

Diuretics. Several classes of diuretics have been im-
plicated in 22 case reports of DABP including the loop
diuretics, thiazide diuretics, and aldosterone antagonists
(41-44). Loop diuretics, in particular furosemide, have
become entrenched in the literature as an inducing
agent, even being used effectively as a positive control
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in case-control studies investigating other agents (45).
Loop diuretics are thiol-based drugs enabling the afore-
mentioned immune and non-immune mediated patho-
genetic mechanisms to induce BP (2, 21). Similarly, the
thiazide diuretics and aldosterone antagonists are also
sulfur-containing diuretics resulting in similar pathogenic
mechanisms to be proposed (46).

In several case-control studies, a strong association
was proposed with aldosterone antagonists (35, 36). Mul-
tivariate analysis in these studies demonstrated that the
chronic use of spironolactone is significantly associated
with BP (OR 2.3-3.1). Nonetheless, in a retrospective
case-control study, aldosterone antagonists were not
considered to be associated with BP when adjusting for
age, sex and co-morbidities (40). Lloyd-Lawery et al.
(40) demonstrated in the same study that loop diuretics
were associated with BP (adjusted OR 3.8). This finding
was also demonstrated for furosemide in the French phar-
macovigilance database (reporting OR 3.3). However,
this database consisted of spontaneous reporting. These
conclusions were in contrast with the earlier studies by
Bastuji-Garin et al. that had demonstrated no association
with loop diuretics (35, 36). No association with the
thiazide diuretics has been demonstrated in these studies.
Rechallenge has been performed with furosemide and
spironolactone with a similar eruption observed (47, 48).

Cardiovascular (antihypertensives, antiarrhythmics,
anticoagulants and statins). Antihypertensives have been
implicated as a potential contributing factor in numerous
cases of BP, including angiotensin converting enzyme
(ACE) inhibitors, angiotensin receptor Il antagonists,
and calcium channel blockers (CCBs). ACE inhibitors
containing sulfhydryl groups, namely captopril, are
suspected based on an isolated case report bolstered by
a plausible hypothesis of the underlying pathogenesis
with a similar molecule, D-penicillamine (49). Enalapril,
a non-thiol ACE inhibitor, was recognised as capable
of inducing acantholysis in vitro, distinct from that of
the hypothesised role of captopril as a hapten, in which
acantholysis, may expose components of the BMZ (50).
An additional collective mechanism is the potentiation
of the kinin pathway through the inactivation of ACE
may lead to a proinflammatory state (27). Nonetheless,
their hapten-like properties remain more accredited (26).

Both of the CCBs implicated are classed as dihydro-
pyridines, which are primarily selective for the L-type
calcium channel. Isolated cases have also occurred with
angiotensin II antagonists exposure although several
confounding factors obscured their findings results in an
ability to exclude an IDP coinciding with administration
(51). These findings have not been supported by literature
with no significant differences observed between those
exposure to antihypertensive, and those who remain
unexposed (36, 40). Antiarrhythmic agents have also
been described in a limited number of case reports. Those
reported include beta-blockers, and unsubstantiated re-
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ports of amiodarone (36, 52). These beta-blockers were
reported in isolated case reports, but no clear association
has been demonstrated in control studies. Rechallenge
has been performed with enalapril with prompt recur-
rence of the lesions observed (34).

Antibiotics. Antibiotics are a relatively rare cause of
DABP. Bastuji-Garin et al. originally determined through
two French, prospective, case-control studies that no
association exists between the use of antibiotics and BP
(35, 36). However. this has since been challenged by a
UK case-control study which demonstrated that patients
with BP used antibiotics significantly more often as
compared to control (40). Diverse classes of antibiotics
have continued to be reported including the penicillins,
cephalosporines, quinolones, nitroimidazoles, actinomy-
cin, and annamycin (Table I). When metabolised penicil-
lins expose a sulfhydryl group that has proposed to be
involved in the pathogenesis of the drug reaction (21, 30).
Quinolones are described in 3 case reports of DABP.
Levofloxacin does not contain a sulthydryl group, yet
levofloxacin is hypothesised to act as a hapten with
evidence of antibodies toward BP180 detected in the af-
fected patients sera (53). An equivalent hypothesis for the
pathogenesis has been described for ciprofloxacin (54).
Metronidazole, a non-phenol non-thiol antibiotic, has
only rarely been associated with bullous eruptions (55)
Antifungal agents, namely griseofulvin and terbina-
fine, have been documented as inducing BP. These agents
share no similarities in their mechanism of action, nor in
their molecular structure, and importantly neither agent
comprises of a sulthydryl or phenyl group. Several other
agents (actinomycin D, rifampicin, benzyl benzoate) are
described in isolated cases with a seemingly unclear as-
sociation with the succeeding onset of BP. These cases
are complicated by several agents being used simultan-
eously or an uncertain temporal relationship surrounding
initiation.
Gliptins. An established body of evidence has accumu-
lated proposing an association of dipeptidyl peptidase
4 inhibitors (DPP41), oral hypoglycaemic agents often
used alongside metformin in treatment diabetes mellitus
type 2, with development of BP. This class of medica-
tion was identified through an extensive series of case
reports that have implicated vildagliptin, sitagliptin,
linagliptin, anagliptin and alogliptin as inducing agents.
These associations were further examined in two na-
tional pharmacovigilance databases (45, 56) and two
controlled observational studies (57, 58); the latter were
unfortunately underpowered (57, 58). Kridin & Berg-
man (7) recently performed a retrospective case-control
study to examine the use of DPP4i and the occurrence
of BP among patients with diabetes demonstrating that
vildagliptin, and to a lesser extent, linagliptin were asso-
ciated with an increased risk of BP. This association with
the gliptins was shown to be independent of metformin
exposure. An association between gliptin-associated BP
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and HLA-DQB1*03:01 has been reported in Japanese
patients but was not detected in Finnish BP patients with
preceding use of gliptins (59, 60).

Whilst considerable progress has been made, the pre-
cise pathogenesis underlying the association of DPP4i
and BP remains uncertain. DPP4 is a plasminogen
receptor expressed on the surface of cells capable of
activating plasminogen with the subsequent formation
of plasmin, a fundamental serine protease (61). Plasmin
is recognised to cleave the immunodominant domain
NC16A of BP180 that subsequently can be detected in
the skin of the lesion, and the fluid accumulated in the
associated blister (62). Izumi et al. (63) proposed that
the inhibition of the plasmin formation by DPP4i may be
responsible for the inappropriate cleavage of BP180 with
theoretical abnormalities in function and antigenicity of
the resultant product. Numerous cell types within dermal
and epidermal layers, including keratinocytes, are known
to express DPP4, which when inhibited by DPP-4 may
enhance eosinophil recruitment into the dermis through
eotaxin (CCL11) chemokine and other proinflammatory
cytokines (64). Other possible mechanisms could include
modification of the immune response, alteration of the
antigenic properties of the BMZ, or modifying the acti-
vity of proteases, such as the highly homologous sepa-
rase enzyme, resulting in aberrant the processing and/or
degradation of the BP180 antigen (65).

Antirheumatics. D-penicillamine and its analogue, tio-
butarit, have been implicated in several case reports of
DABP. D-penicillamine comprises a distinctive sulthy-
dryl group hypothesised to be responsible for the under-
lying pathogenesis of the drug reaction. These thiol drugs
are thought to be able to decrease the activity of Treg,
enabling the hyperproduction of autoantibodies towards
the antigens of the BMZ (2, 31). Even so, an intricate
interaction between the proposed mechanisms may pre-
cipitate the condition (66). Penicillamine-associated BP
appears late in treatment and in a non-dose dependent
manner (66, 67). Interestingly, penicillamine-associated
bullous dermatoses with combined features of pemphigus
and pemphigoid are also described (68).

Tiobutarit possesses two thiol groups. Yamaguchi et al.

(69) described the only known case of BP associated with
tiobutarit demonstrating recurrence with re-exposure,
suggesting a causal relationship.
Biologics. Biologics have been increasingly reported in
the literature in numerous case reports, and case series
as inducing BP. The reported biologics have included
agents targeting various cytokines, interleukins, and other
signalling pathways (70-72).

Tumour necrosis factor-a (TNFa) is a multifunctional
proinflammatory cytokine involved in a diverse range of
systemic diseases. In this regard, antagonists of TNFa
have become instituted as an essential treatment in seve-
ral autoimmune diseases including rheumatoid arthritis,
inflammatory bowel disease and psoriasis. BP has been
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associated with TNFa inhibitors in various case reports
(70-72). The agents implicated include a recombinant
fusion protein (etanercept), and the monoclonal antibo-
dies (adalimumab, efalizumab, and infliximab) (70-72).

DABP may occur due to the effect of dysregulated
TNFa levels in a previously disrupted immune system
resulting from the antecedent disease processes, or al-
ternatively this dysregulation may uncover a subclinical
autoimmune condition (73). One theory to explain this
apparent disconnect may be that the ability of these
agents to induce or treat autoimmune disorders is inter-
related with the immunological profile, in particular the
levels of IL-4 and IFN-y (73).

In BP, mast cells are responsible for release of TNFa
and numerous other mediators upon degranulation, which
appears be necessary for recruitment of neutrophils and
eosinophils to the surrounding tissue (74). TNFa is found
in higher concentrations in blister fluid than other bullous
dermatoses and the circulating levels of this cytokine
have been correlated with the severity and number of
lesions (75). Lui et al. (73) determined the influence of
TNFa on eosinophils concluding these cells are able to
regulate the immune response based on the microenvi-
ronment. TNFa inhibitors are hypothesised to have the
ability to suppress both Th1 and Th2 response in certain
disease (73). However, TNFa inhibitors have also been
demonstrated to increase autoantibody production (76).
Whether this is involved in the pathogenesis of DABP is
uncertain, although analogous autoimmune considered
have been incited and exacerbated when undergoing
treatment with TNFa inhibitors (76).

The IL-2 receptor is known to be expressed in sig-
nificantly higher amounts in BP, and is correlated with
disease activity (77). Aldesleukin (recombinant IL-2) has
been suspected as a causative agent for DABP (Table SII')

Patients with BP have been demonstrated to have ele-
vated levels of [L-23 and IL-17 contained in the lesional
skin and serum (78). Reports describe ustekinumab, an
IL-12/23 antagonist with downstream suppression of
the Thl and IL-17 inflammatory pathway, as achieving
control of BP in patients with co-existing psoriasis (79),
while paradoxically demonstrated to have been asso-
ciated with causing the condition in others (80). These
findings suggest that immunological state may be altered
from Thl to Th2 dominance with the ensuing release
of Th2-associated chemokines (eotaxin and monocyte
chemoattractant protein-4) known in the pathogenesis
of BP (81). However, numerous studies have reported
negligible effect on T-cell response whilst undergoing
treatment with ustekinumab (82).

PD1-inhibitors targeting programmed cell death pro-
tein-1 (PD-1) and programmed death ligand-1 (PD-L1)
pathway are capable of augmenting the intrinsic inhibi-
tory control of the immune system, in particular T cell
suppression. While this produces an enhanced response
towards the tumour, the non-specific activation of the
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immune system generates numerous immune-related
adverse events (irAEs). PD-1/PD-L1 inhibitor associated
dermatological toxicity represents a substantial propor-
tion of all irAEs with a reported incidence of 30—40%
(83, 84). These adverse events are often mild, though
over 21 cases of DABP have been reported due to nivo-
lumab, pembrolizumab, atezolizumab, and durvalumab
(84, 85)) (Table SIT").

Epidermal growth factor receptor (EGFR) inhibitor-
associated BP has been postulated to be explained by
the expression of EGFR in basal keratinocytes (86). The
precise mechanism is not known, though it is believed
to be through the alteration of antigenic properties of
molecules in the lamina lucida, or by decreasing the ac-
tivity of Treg enabling hyperproduction of autoantibodies
towards these antigens (87).

Mammalian target of rapamycin (mTOR) inhibitors

(sirolimus, everolimus) has been implicated as a causa-
tive agent in two cases of BP in renal transplant recipients
(88). BP has previously been described in renal transplant
patients due to a graft-related cross reaction with the skin,
or dysregulation of the immune system non-specifically
inducing production of autoantibodies (42, 89). Further
research is required to elucidate whether the mecha-
nism responsible for mTOR inhibitors may be related
to an ability to exploit these graft-related mechanisms.
BRAF-inhibitors have also been reported to induce a
pemphigoid-like eruption (90).
Vaccines. Those vaccines implicated in DABP include the
influenza, swine flu, tetanus toxoid and tetracoq, herpes
zoster virus, rotavirus and the varying constituents of the
hexavalent combined vaccines (Table SII').

Each of the vaccines implicated possesses no recogni-
sable similarities between the structure of the vaccine
components and the relevant basement membrane pro-
teins, rendering an antibody-mediated response from the
components themselves unlikely (91). The augmentation
of the immune response may be triggered by the process
of vaccination itself inciting an inflammatory cascade
leading to a disruption of BMZ integrity with generation
of basement membrane specific antibodies (92).

While remaining a rare occurrence, approximately 110
reports of infantile BP exist in the literature, including 21
following childhood vaccinations. In each case, a short
latency period was described from vaccination to clini-
cal manifestation with the majority of cases established
within a week (range: 5 h—4 weeks) (Table SII').

Several aspects of the cases support a plausible asso-
ciation including the narrow interval between vaccina-
tion and the clinical manifestations, the recurrence of
these with subsequent exposure to the vaccination and
the higher incidence of vaccine-associated BP in infants
(93, 94). However, these hypothetical associations have
been challenged.

Baroero et al. (95) emphasises an argument against the
existence of a true relationship due to the short latency
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seen in several of the documented cases including their
own, as evidenced by the production of IgG beginning
10—14 days post-immunisations; therefore, many of the
observed cases would be considered too short for these
autoimmune manifestations to develop. Vaccination is a
routine practice in developed countries with the absolute
rate of BP remaining low, and relatively rare manifesta-
tion in infants despite vaccines’ extensive usage (96).

Neuroleptics and Neurological. At present, a degree
of uncertainty surrounds whether neuroleptic drugs
are a causative agent of BP or whether the underlying
neurological disorder may be responsible. Neurological
disorders have been demonstrated in several case-control
studies to be associated with a higher risk of developing
BP than patients without neurological disorders (97).
Jedlickova et al. (98) observed that 45% of patients with
BP were affected by a neurological disorder as compared
with 18% of a control group with other skin diseases. A
plausible hypothesis connecting the derivation of both the
nervous system and skin from the neural crest has been
proposed (99). Chen et al. (99) provided evidence that an
immunogenic BP230 exists in both the human epidermis
and brain, further postulating that autoantibodies may be
generated following pathogenic changes of neurogenic
disorders that lead to exposure of the neural isoforms
and resultant cross-reactivity with the antigen in the skin.

Be that as it may, numerous studies have demonstrated
a significant association with neuroleptic drugs indepen-
dent of the underlying disease. A series of prospective
case-control studies revealed that when compared to the
control group significantly more patients with BP were
exposed to neuroleptic agents (35, 36). Patsatsi et al. (26)
also observed that neuroleptics were more commonly
used in patients with BP in their retrospective analysis.
While correlation exists for many agents within the
neuroleptic category, no specific drugs have been dis-

PD-1/PD-L1 Inhibitors

Loop Diuretics

N
-——
) 4
A 4

Fig. 2. Diagrammatic summary of strength of evidence derived
from systematic review. An inverted pyramid representing the
strength of evidence for association with drug-associated bullous
pemphigoid (DABP). PD-1: programmed cell death protein-1; PD-L1:
programmed death ligand-1; NSAIDS: non-steroidal anti-inflammatory
drugs; PUVA: psoralens with UVA.
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cerned (36, 100). There have been 10 case reports in the
literature that implicate amantadine, doxepin, escitalo-
pram, fluoxetine, flupenthixol, gabapentin, galantamine,
levetiracetam, and risperidone (Table SII').

CONCLUSION

At present, over 90 medications have been associated
with inducing BP. While the specific causal relationship
in many cases remains to be elucidated, we are beginning
to unravel the pathogenesis of the drug-reaction. An ap-
preciation of the medications associated with BP enables
clinicians to identify potential cases of DABP earlier and
cease the offending medication (Fig. 2). Rechallenging
patients to confirm these tentative association of BP
with the offending medication remains infeasible due to
the ethical and safety concerns. Nonetheless, clinicians
should employ a high degree of suspicion for DABP.
With contemporary studies continuing to investigate
genetic susceptibility, underlying mechanisms and na-
tural history of DABP we are likely to develop a greater
understanding of those predisposed to the condition, and
the medications that may place the certain groups at risk.

ACKNOWLEDGEMENTS

AB has worked as a Visiting Dermatology Fellow at St. George
Hospital, UNSW, Sydney, Australia. She was the recipient of Tur-
kish Society of Dermatology-Prof. Dr. Hulusi Behcet (long-term
research) Scholarship in 2018.

The authors have no conflicts of interest to declare.

REFERENCES

1. Hammers CM, Stanley JR. Mechanisms of Disease: Pemphigus
and bullous pemphigoid. Annu Rev Pathol 2016; 11: 175-197.

2. Vassileva S. Drug-induced pemphigoid: bullous and cicatricial.
Clin Dermatol 1998; 16: 379-387.

3. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ 2009; 339: b2535.

4. Joly P, Baricault S, Sparsa A, Bernard P, Bedane C, Duvert-
Lehembre S, et al. Incidence and mortality of bullous pem-
phigoid in France. J Invest Dermatol 2012; 132: 1998-2004.

5. Marazza G, Pham HC, Scharer L, Pedrazzetti PP, Hunziker T,
Trueb RM, et al. Incidence of bullous pemphigoid and pemphi-
gus in Switzerland: a 2-year prospective study. Br J Dermatol
2009; 161: 861-868.

6. Bernard P, Vaillant L, Labeille B, Bedane C, Arbeille B, De-
noeux JP, et al. Incidence and distribution of subepidermal
autoimmune bullous skin diseases in three French regions.
Bullous Diseases French Study Group. Arch Dermatol 1995;
131: 48-52.

7. Kridin K, Bergman R. Association of bullous pemphigoid with
dipeptidyl-peptidase 4 inhibitors in patients with diabetes:
estimating the risk of the new agents and characterizing the
patients. JAMA Dermatol 2018; 154: 1152-1158.

8. Bourdon-Lanoy E, Roujeau JC, Joly P, Guillaume JC, Bernard P,
Prost C, et al. Pemphigoide du sujet jeune: Etude rétrospective
de 74 cas. Ann Dermatol Venereol 2005; 132: 115-122.

9. Venning VA, Wojnarowska F. Induced bullous pemphigold. Br
J Dermatol 1995; 132: 831-832.

10. Delgado JC, Turbay D, Yunis EJ, Yunis 1], Morton ED, Bhol
K, et al. A common major histocompatibility complex class

Acta Derm Venereol 2020


https://doi.org/10.2340/00015555-3457

ActaDV

ActaDV

8/9

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

M. J. Verheyden et al.

II allele HLA-DQB1* 0301 is present in clinical variants of
pemphigoid. Proc Natl Acad Sci U S A 1996; 93: 8569-8571.
Zakka LR, Reche P, Ahmed AR. Role of MHC Class II Genes
in the pathogenesis of pemphigoid. Autoimmun Rev 2011;
11: 40-47.

Gao XH, Winsey S, Li G, Barnardo M, Zhu XJ, Chen HD, et
al. HLA-DR and DQ polymorphisms in bullous pemphigoid
from northern China. Clin Exp Dermatol 2002; 27: 319-321.
Okazaki A, Miyagawa S, Yamashina Y, Kitamura W, Shirai T.
Polymorphisms of HLA-DR and -DQ genes in Japanese patients
with bullous pemphigoid. J Dermatol 2000; 27: 149-156.
Sun Y, Liu H, Wang Z, Fu Xa, Wang C, Mi Z, et al. The HLA-
DQB1*03:01 Is Associated with Bullous Pemphigoid in the Han
Chinese Population. J Invest Dermatol 2018; 138: 1874-1877.
Fairley JA, Fu CL, Giudice GJ. Mapping the binding sites of
anti-BP180 immunoglobulin E autoantibodies in bullous pem-
phigoid. J Invest Dermatol 2005; 125: 467-472.

Lin MS, Fu CL, Giudice GJ, Olague-Marchan M, Lazaro AM,
Stastny P, et al. Epitopes targeted by bullous pemphigoid T
lymphocytes and autoantibodies map to the same sites on
the bullous pemphigoid 180 ectodomain. J Invest Dermatol
2000; 115: 955-961.

Thoma-Uszynski S, Uter W, Schwietzke S, Schuler G, Borradori
L, Hertl M. Autoreactive T and B cells from bullous pemphigoid
(BP) patients recognize epitopes clustered in distinct regions of
BP180 and BP230. J Immunol 2006; 176: 2015-2023.
Haase C, Budinger L, Borradori L, Yee C, Merk HF, Yancey K, et
al. Detection of IgG autoantibodies in the sera of patients with
bullous and gestational pemphigoid: ELISA studies utilizing a
baculovirus-encoded form of bullous pemphigoid antigen 2. ]
Invest Dermatol 1998; 110: 282-286.

Fan WL, Shiao MS, Hui RC, Su SC, Wang CW, Chang YC, et
al. HLA association with drug-induced adverse reactions. ]
Immunol Res 2017; 2017: 3186328.

Sousa-Pinto B, Correia C, Gomes L, Gil-Mata S, Araujo L, Cor-
reia O, et al. HLA and delayed drug-induced hypersensitivity.
Int Arch Allergy Immunol 2016; 170: 163-179.

Ruocco V, Sacerdoti G. Pemphigus and bullous pemphigoid
due to drugs. Int J Dermatol 1991; 30: 307-312.

Bean SF, Good RA, Windhorst DB. Bullous pemphigoid in an
11-year-old boy. Arch Dermatol 1970; 102: 205-208.

Park KY, Kim BJ, Kim MN. Amlodipine-associated bullous
pemphigoid with erythema multiforme-like clinical features.
Int J Dermatol 2011; 50: 637-639.

Lee JJ, Downham TF, 2nd. Furosemide-induced bullous pem-
phigoid: case report and review of literature. J Drugs Dermatol
2006; 5: 562-564.

Kashihara M, Danno K, Miyachi Y, Horiguchi Y, Imamura S.
Bullous pemphigoid-like lesions induced by phenacetin. Report
of a case and an immunopathologic study. Arch Dermatol
1984; 120: 1196-1199.

Patsatsi A, Vyzantiadis TA, Chrysomallis F, Devliotou-Panagio-
tidou D, Sotiriadis D. Medication history of a series of patients
with bullous pemphigoid from northern Greece - observations
and discussion. Int J Dermatol 2009; 48: 132-135.

Ruocco V, Satriano RA, Guerrera V. “Two-step” pemphigus
induction by ace-inhibitors. Int J Dermatol 1992; 31: 33-36.
Shachar E, Bialy-Golan A, Srebrnik A, Brenner S. “Two-step”
drug-induced bullous pemphigoid. Int J Dermatol 1998; 37:
938-939.

Walsh SR, Hogg D, Mydlarski PR. Bullous pemphigoid: from
bench to bedside. Drugs 2005; 65: 905-926.

Ruocco V, de Luca M, Pisani M, de Angelis E, Vitale O, Astarita
C. Pemphigus provoked by D(-)penicillamine. An experimental
approach using in vitro tissue cultures. Dermatologica 1982;
164: 236-248.

Durdu M, Baba M, Seckin D. A case of bullous pemphigoid
induced by aspirin. J Am Acad Dermatol 2011; 65: 443-444.
Brenner S, Ruocco V, Ruocco E, Srebrnik A, Goldberg I. A
possible mechanism for phenol-induced pemphigus. Skinmed
2006; 5: 25-26.

Alcalay J, David M, Ingber A, Hazaz B, Sandbank M. Bullous
pemphigoid mimicking bullous erythema multiforme: an un-
toward side effect of penicillins. J Am Acad Dermatol 1988;
18: 345-3409.

Smith EP, Taylor TB, Meyer L], Zone ]J. Antigen identification

www.medicaljournals.se/acta

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

in drug-induced bullous pemphigoid. J Am Acad Dermatol
1993; 29: 879-882.

Bastuji-Garin S, Joly P, Lemordant P, Sparsa A, Bedane C,
Delaporte E, et al. Risk factors for bullous pemphigoid in the
elderly: a prospective case-control study. J Invest Dermatol
2011; 131: 637-643.

Bastuji-Garin S, Joly P, Picard-Dahan C, Bernard P, Vaillant L,
Pauwels C, et al. Drugs associated with bullous pemphigoid:
A case-control study. Arch Dermatol 1996; 132: 272-276.
Kuenzli S, Grimaitre M, Krischer J, Saurat J-H, Calza A-M,
Borradori L. Childhood bullous pemphigoid: report of a case
with life-threatening course during homeopathy treatment.
Pediatr Dermatol 2004; 21: 160-163.

Stavropoulos PG, Soura E, Antoniou C. Drug-induced pemphi-
goid: a review of the literature. J Eur Acad Dermatol Venereol
2014; 28: 1133-1140.

Yang D, Brownell. I, Duvic M. Celecoxib-induced bullous
pemphigoid: report of the first case. The Internet Journal of
Anesthesiology 2006; 14: 1-4.

Lloyd-Lavery A, Chi CC, Wojnarowska F, Taghipour K. The
associations between bullous pemphigoid and drug use: a
UK case-control study. JAMA Dermatol 2013; 149: 58-62.
Baz K, Ikizoglu G, Kaya TI, Koca A. Furosemide-induced
bullous pemphigoid. J Eur Acad Dermatol Venereol 2002;
16: 81-82.

Chen TJ, Lai PC, Yang LC, Kuo TT, Hong HS. Bullous pemphi-
goid in a renal transplant recipient: a case report and review
of the literature. Am J Clin Dermatol 2009; 10: 197-200.
Warner C, Kwak Y, Glover MH, Davis LS. Bullous pemphigoid
induced by hydrochlorothiazide therapy. J Drugs Dermatol
2014; 13: 360-362.

Grange F, Scrivener Y, Koessler A, Straub P, Guillaume JC.
Pemphigoide induite par la spironolactone. Ann Dermatol
Venereol 1997; 124: 700-702.

Bene ], Moulis G, Bennani I, Auffret M, Coupe P, Babai S, et
al. Bullous pemphigoid and dipeptidyl peptidase IV inhibitors:
a case-noncase study in the French Pharmacovigilance Data-
base. Br J Dermatol 2016; 175: 296-301.

Koch CA, Mazzaferri EL, Larry JA, Fanning TS. Bullous pem-
phigoid after treatment with furosemide. Cutis 1996; 58:
340-344.

Bernard P, Antonicelli F. Bullous pemphigoid: a review of its
diagnosis, associations and treatment. Am J Clin Dermatol
2017; 18: 513-528.

Fellner MJ, Katz JM. Occurrence of bullous pemphigoid after
furosemide therapy. Arch Dermatol 1976; 112: 75-77.
Mallet L, Cooper JW, Thomas J. Bullous pemphigoid asso-
ciated with captopril. DICP: the annals of pharmacotherapy
1989; 23: 63.

De Angelis E, Lombardi ML, Grassi M, Ruocco V. Enalapril: a
powerful in vitro non-thiol acantholytic agent. Int J Dermatol
1992; 31: 722-724.

Saraceno R, Citarella L, Spallone G, Chimenti S. A biological
approach in a patient with psoriasis and bullous pemphigoid
associated with losartan therapy. Clin Exp Dermatol 2008;
33: 154-155.

Perry A, Sparling JD, Pennington M. Bullous pemphigoid fol-
lowing therapy with an oral beta-blocker. J Drugs Dermatol
2005; 4: 746-748.

Ma HJ, Hu R, Jia CY, Yang Y, Song LJ. Case of drug-induced
bullous pemphigoid by levofloxacin. J Dermatol 2012; 39:
1086-1087.

Cozzani E, Chinazzo C, Burlando M, Romagnoli M, Parodi A.
Ciprofloxacin as a trigger for bullous pemphigoid: the second
case in the literature. Am J Ther 2016; 23: e1202-1204.
Moitra S, Sen S, Banerjee I, Sikder A, Das P. Metronidazole-
induced bullous pemphigoid: a case report. J Clin Diagn Res
2015; 9: Fd01-03.

Garcia M, Aranburu MA, Palacios-Zabalza I, Lertxundi U,
Aguirre C. Dipeptidyl peptidase-IV inhibitors induced bullous
pemphigoid: a case report and analysis of cases reported in
the European pharmacovigilance database. J Clin Pharm Ther
2016; 41: 368-370.

Benzaquen M, Borradori L, Berbis P, Cazzaniga S, Valero R,
Richard MA, et al. Dipeptidyl peptidase IV inhibitors, a risk
factor for bullous pemphigoid: Retrospective multicenter



ActaDV

ActaDV

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

case-control study from France and Switzerland. J Am Acad
Dermatol 2018; 78: 1090-1096.

Varpuluoma O, Forsti AK, Jokelainen J, Turpeinen M, Timonen
M, Huilaja L, et al. Vildagliptin significantly increases the risk
of bullous pemphigoid: a Finnish Nationwide Registry Study.
J Invest Dermatol 2018; 138: 1659-1661.

Ujiie H, Muramatsu K, Mushiroda T, Ozeki T, Miyoshi H,
Iwata H, et al. HLA-DQB1*03:01 as a Biomarker for Genetic
Susceptibility to Bullous Pemphigoid Induced by DPP-4 Inhi-
bitors. J Invest Dermatol 2018; 138: 1201-1204.

Lindgren O, Varpuluoma O, Tuusa J, Ilonen J, Huilaja L, Kok-
konen N, et al. Gliptin-associated bullous pemphigoid and
the expression of dipeptidyl peptidase-4/CD26 in bullous
pemphigoid. Acta Derm Venereol 2019; 99: 602-609.
Gonzalez-Gronow M, Kaczowka S, Gawdi G, V Pizzo S. Dipep-
tidyl peptidase IV (DPP IV/CD26) is a cell-surface plasminogen
receptor. Frontiers in bioscience: a journal and virtual library
2008; 13: 1610-1608.

Schmidt E, Wehr B, Tabengwa EM, Reimer S, Brocker E-B,
Zillikens D. Elevated expression and release of tissue-type,
but not urokinase-type, plasminogen activator after binding of
autoantibodies to bullous pemphigoid antigen 180 in cultured
human keratinocytes. Clin Exp Immunol 2004; 135: 497-504.
Izumi K, Nishie W, Mai Y, Wada M, Natsuga K, Ujiie H, Iwata
H, et al. Autoantibody profile differentiates between inflam-
matory and noninflammatory bullous pemphigoid. J Clin
Investig Dermatol 2016; 136: 2201-2210.

Forssmann U, Stoetzer C, Stephan M, Kruschinski C, Skripuletz
T, Schade J, et al. Inhibition of CD26/dipeptidyl peptidase IV
enhances CCL11/eotaxin-mediated recruitment of eosinophils
in vivo. J Immunol 2008; 181: 1120-1127.

Skandalis K, Spirova M, Gaitanis G, Tsartsarakis A, Bassukas ID.
Drug-induced bullous pemphigoid in diabetes mellitus patients
receiving dipeptidyl peptidase-IV inhibitors plus metformin. J
Eur Acad Dermatol Venereol 2012; 26: 249-253.

Popadic S, Skiljevic D, Medenica L. Bullous pemphigoid in-
duced by penicillamine in a patient with Wilson disease. Am
J Clin Dermatol 2009; 10: 36-38.

Weller R, White MI. Bullous pemphigoid and penicillamine.
Clin Exp Dermatol 1996; 21: 121-122.

Rasmussen HB, Jepsen LV, Brandrup F. Penicillamine-induced
bullous pemphigoid with pemphigus-like antibodies. J Cutan
Pathol 1989; 16: 154-157.

Yamaguchi R, Oryu F, Hidano A. A case of bullous pemphigoid
induced by tiobutarit (D-penicillamine analogue). J Dermatol
1989; 16: 308-311.

Boussemart L, Jacobelli S, Batteux F, Goulvestre C, Grange P,
Carlotti A, et al. Autoimmune bullous skin diseases occurring
under anti-tumor necrosis factor therapy: two case reports.
Dermatology 2010; 221: 201-205.

Duong TA, Buffard V, Andre C, Ortonne N, Revuz ], Bagot
M, et al. Efalizumab-induced bullous pemphigoid. J Am Acad
Dermatol 2010; 62: 161-162.

Ricci M, Zauli S, Zelante A, Trevisani L, Virgili A, Bettoli V. Bul-
lous pemphigoid occurring under anti-tumor necrosis factor-
alpha therapy. Int J Colorectal Dis 2014; 29: 1573-1574.

Liu LY, Bates ME, Jarjour NN, Busse WW, Bertics PJ], Kelly
EAB. Generation of Thl and Th2 Chemokines by Human
Eosinophils: Evidence for a Critical Role of TNF-a. J Immunol
2007; 179: 4840-4848.

Kasperkiewicz M, Zillikens D. The pathophysiology of bullous
pemphigoid. Clin Rev Allergy Immunol 2007; 33: 67-77.
Rhodes LE Hashim IA, McLaughlin PJ, Friedmann PS. Blister
fluid cytokines in cutaneous inflammatory bullous disorders.
Acta Derm Venereol 1999; 79: 288-290.

Mongey A-B, Hess EV. Drug Insight: autoimmune effects of
medications — what’s new? Nat Rev Rheumatol 2008; 4: 136.
Hofmann M, Audring H, Sterry W, Trefzer U. Interleukin-
2-associated bullous drug dermatosis. Dermatology 2005;
210: 74-75.

Le Jan S, Plée ], Vallerand D, Dupont A, Delanez E, Durlach
A, et al. Innate immune cell-produced IL-17 sustains inflam-
mation in bullous pemphigoid. J Invest Dermatol 2014; 134:
2908-2917.

Loget J, Plee J, Antonicelli F, Bernard P. A successful treatment
with ustekinumab in a case of relapsing bullous pemphigoid

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Drug-associated bullous pemphigoid 9/9

associated with psoriasis. J Eur Acad Dermatol Venereol 2017;
31: e228-e230.

Onsun N, Sallahoglu K, Dizman D, Su O, Tosuner Z. Bullous
pemphigoid during ustekinumab therapy in a psoriatic patient.
Eur J Dermatol 2017; 27: 81-82.

Gounni Abdelilah S, Wellemans V, Agouli M, Guenounou M, Ha-
mid Q, Beck LA, et al. Increased expression of Th2-associated
chemokines in bullous pemphigoid disease. Role of eosinophils
in the production and release of these chemokines. Clin Im-
munol 2006; 120: 220-231.

Tsuda K, Yamanaka K, Kondo M, Matsubara K, Sasaki R,
Tomimoto H, et al. Ustekinumab improves psoriasis without
altering T cell cytokine production, differentiation, and T cell
receptor repertoire diversity. PLOS One 2012; 7: e51819.
Kumar V, Chaudhary N, Garg M, Floudas CS, Soni P, Chandra
AB. Current diagnosis and management of immune related
adverse events (irAEs) induced by immune checkpoint inhi-
bitor therapy. Front Pharmacol 2017; 8: 49.

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, et al. Safety, activity, and immune correlates
of anti-PD-1 antibody in cancer. N Engl J Med 2012; 366:
2443-2454.

Lopez AT, Khanna T, Antonov N, Audrey-Bayan C, Geskin L. A
review of bullous pemphigoid associated with PD-1 and PD-L1
inhibitors. Int J Dermatol 2018; 57: 664-669.

Agero ALC, Dusza SW, Benvenuto-Andrade C, Busam KJ,
Myskowski P, Halpern AC. Dermatologic side effects associated
with the epidermal growth factor receptor inhibitors. J Am
Acad Dermatol 2006; 55: 657-670.

Stingeni L, Bianchi L, Minotti V, Lisi P. Erlotinib-induced bul-
lous pemphigoid. J Am Acad Dermatol 2012; 67: e199-201.
Atzori L, Conti B, Zucca M, Pau M. Bullous pemphigoid induced
by m-TOR inhibitors in renal transplant recipients. J Eur Acad
Dermatol Venereol 2015; 29: 1626-1630.

Sofi AA, Gottwald L, Bohman K, Kaw D. Bullous pemphigoid
associated with acute renal allograft rejection. Transplantation
2010; 89: 368-369.

Satta R, Onnis G, Gunnella S, Montesu MA, Agnoletti AF, Coz-
zani E. Dabrafenib-induced pemphigoid-like reaction. Clin Exp
Dermatol 2018; 43: 222-224.

Walmsley N, Hampton P. Bullous pemphigoid triggered by swine
flu vaccination: case report and review of vaccine triggered
pemphigoid. J Dermatol Case Rep 2011; 5: 74-76.

Downs AM, Lear JT, Bower CP, Kennedy CT. Does influenza
vaccination induce bullous pemphigoid? A report of four cases.
Br J Dermatol 1998; 138: 363.

Fisler RE, Saeb M, Liang MG, Howard RM, McKee PH. Childhood
bullous pemphigoid: a clinicopathologic study and review of the
literature. Am J Dermatopathol 2003; 25: 183-189.
Valdivielso-Ramos M, Velazquez D, Tortoledo A, Hernanz JM.
[Infantile bullous pemphigoid developing after hexavalent,
meningococcal and pneumococcal vaccinations]. Anales de
pediatria 2011; 75: 199-202 (in Spanish).

Baroero L, Coppo P, Bertolino L, Maccario S, Savino F. Three
case reports of post immunization and post viral Bullous
Pemphigoid: looking for the right trigger. BMC Pediatr 2017;
17: 60.

Neri I, Greco A, Bassi A, Orgaz-Molina J, Balestri R, Oranges
T, et al. Bullous pemphigoid in infant post vaccination: Myth
or reality? Int J Immunopathol Pharmacol 2016; 29: 295-299.
Langan SM, Groves RW, West J. The relationship between neu-
rological disease and bullous pemphigoid: a population-based
case-control study. J Invest Dermatol 2011; 131: 631-636.
Jedlickova H, Milos H, Pavlik T, Semradova V, Budinska E,
Zdenek V. Bullous pemphigoid and internal diseases - A case-
control study. Eur J Dermatol 2010; 20: 96-101.

Chen J, Li L, Chen J, Zeng Y, Xu H, Song Y, et al. Sera of el-
derly bullous pemphigoid patients with associated neurological
diseases recognize bullous pemphigoid antigens in the human
brain. Gerontology 2011; 57: 211-216.

Cordel N, Chosidow O, Hellot MF, Delaporte E, Lok C, Vail-
lant L, et al. Neurological disorders in patients with bullous
pemphigoid. Dermatology 2007; 215: 187-191.

Uzun S, Durdu M. The specificity and sensitivity of Nikolskiy
sign in the diagnosis of pemphigus. J Am Acad Dermatol
2006; 54: 411-415.

Acta Derm Venereol 2020



