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SIGNIFICANCE
Bullous pemphigoid has gained increasing recognition among 
cutaneous adverse events of programmed cell death pro
tein 1/programmed cell death ligand 1 inhibitors. Its clini
cal presentation may vary. It is mainly characterized by 
the development of atypical pruritic eruption prior to bliste
ring. Therapeutic management of bullous pemphigoid may 
pose challenges and may negatively affect ongoing onco
logical treatment. Dermatological referral, correct grading 
and esta blishment of an appropriate therapeutic algorithm 
may limit the unnecessary modifications of immunothera
py. Further studies may elucidate the underlying immuno
genetic mechanisms of this condition and ascertain efficacy 
and safety of existing therapeutic agents in terms of their 
potential to control symptoms without affecting the anti
tumour effect of immunotherapy.

Bullous pemphigoid constitutes a rare dermatological 
immune-related adverse event of programmed cell 
death protein 1 (PD-1)/programmed cell death ligand 
1 (PD-L1) inhibitors. Herein, we review all published 
cases of anti-PD-1/PD-L1 related bullous pemphigoid 
and discuss current knowledge on this condition. Clini-
cal and diagnostic findings were found to resemble 
those of classic bullous pemphigoid. A delayed onset 
of bullous pemphigoid after commencement of immun-
otherapy as well as a frequent precendence of a refrac-
tory pruritic eruption prior to blister development was 
oberved, both posing diagnostic challenges. In addi-
tion to topical and systemic treatment, most patients 
required either discontinuation or permanent inter-
ruption of immunotherapy. Assessment of tumour 
outcome did not reveal improved survival in patients 
developing bullous pemphigoid during immuno-
therapy, as suggested for other types of skin toxicity, 
includ ing vitiligo. Better understanding of the patho-
genetic mechanism and prognostic implications of this 
increasingly-reported adverse event is essential in 
order to establish optimal diagnostic and therapeutic 
management of these patients.

Key words: autoimmune bullous disorder; bullous pemphigoid; 
PD1 inhibitor; PDL1 inhibitor; checkpoint inhibitor; immune
related adverse event.
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Bullous pemphigoid (BP) is a common autoimmune 
bullous skin disorder, characterized by pruritus and 

urticarial or eczematous eruption followed by bullae 
formation in most cases. However, up to 20% of patients 
present with morphologically atypical variants of BP, 
misleading even experienced dermatologists (1). The 
hemidesmosomal proteins BP180 (BP antigen 2, collagen 
XVII) and BP230 (BP antigen 1) have been identified as 
the main implicated autoantigens in BP pathogenesis (2). 
In addition, an increasing number of medications have 
been associated with the development of BP, providing 
new insights into the complex pathogenesis of this con-
dition (3, 4). The term “drug-induced pemphigoid” has 

been introduced to describe cases of BP with clinical, 
histological and immunopathological features identical 
or similar to those of classic BP, occurring after systemic 
ingestion or topical use of certain drugs (5). To date, 89 
drugs have been correlated with development of BP, 
while the strongest evidence was observed with gliptins, 
loop diuretics, penicillin or its derivatives and, lately, 
inhibitors of the programmed cell death protein-1 (PD-1) 
or its ligand, programmed death ligand-1 (PD-L1) (6).

PD-1 inhibitors (nivolumab, pembrolizumab, cemipli-
mab) and PD-L1 inhibitors (durvalumab, atezolizumab) 
have emerged as frontline treatment for a growing list of 
malignancies. Due to their unique mechanism of action 
they have shown sustained antitumour efficacy, but have 
also given rise to numerous immune-related adverse 
events (irAEs). Cutaneous irAEs may occur in up to 
49% of patients treated with PD-1/PD-L1 inhibitors, 
and usually manifest as lichenoid reactions, eczema or 
vitiligo (7–9). Recently, BP has been described in a sub-
set of patients under anti-PD-1/PD-L1 immunotherapy, 
while the exact pathogenetic mechanism and prognostic 
implications of this condition are yet to be clarified (10, 
11). Since this uncommon skin toxicity may influence 
further therapeutic management and oncological out-
come to a great extent, improved understanding and 
management are essential. The aim of this review is to 
summarize all reported cases of BP related to anti-PD-1/
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PD-L1 immunotherapy and critically discuss the current 
pathophysiological, clinical, diagnostic and therapeutic 
knowledge about this condition.

MATERIALS AND METHODS

Literature search

English medical literature was reviewed for patients who develo-
ped BP during or shortly after anti-PD-1 or anti-PD-L1 therapy, 
using the databases MEDLINE, Embase, and Scopus up to April 
2020. The search involved all fields including title, abstract, key-
words, and full text and identified all article types with the various 
terms, combinations and synonyms for “bullous pemphigoid”, 
“PD-1 inhibitor” and “PD-L1 inhibitor”. All references from the 
primary articles were manually reviewed to identify any additional 
relevant articles. Articles without accessible histopathological 
findings supporting the diagnosis of BP, as well as cases reporting 
anti-PD-1/PD-L1-related rare BP variants (e.g. mucous membrane 
pemphigoid, lichen planus pemphigoid) or blistering dermatoses 
other than BP were excluded. Also, patients undergoing combina-
tion systemic cancer therapy were excluded.

Data extraction and analysis

The following parameters were extracted: patients’ characteristics 
(age, sex), underlying malignancy, prior systemic cancer therapy, 
period of time when PD-1/PD-L1 inhibitor was commenced, 
treatment setting, morphology and distribution of skin lesions, 
interval between initiation of PD-1/PD-L1 inhibitor and onset of 
symptoms, findings of histopathology, direct immunofluorescence 
(DIF) and indirect immunofluorescence (IIF), serum autoantibo-
dies, total IgE, serum eosinophils, BP treatment, BP outcome and 
tumour response. Descriptive statistical analysis of the collected 
data was performed using the statistical package for Windows 
SPSS (version 22.0 IBM Corp: Armonk, NY, USA). Quantitative 
variables were described as median values and range, while cate-
gorical variables were expressed as frequencies and percentages.

RESULTS

The literature search yielded 41 articles, published 
between 2015 and 2020, reporting a total of 58 cases of 
BP associated with anti-PD-1/PD-L1 immunotherapy 
(Table SI1). The median age of patients was 71 years 
(range 38–90 years), and there was a marked male 
predominance. The exact frequencies regarding patient 
characteristics, tumour types and systemic cancer therapy 
are summarized in Table I. 

With regards to clinical findings, 34.5% of patients 
(20/58) experienced non-specific cutaneous eruption, 
mostly pruritic eczematous dermatitis with papules and/
or plaques, prior to the development of blisters. The 
median time between therapy initiation and development 
of initial skin lesions was 21 weeks (range 1–88 weeks). 
Pruritus was observed in 67.2% of patients (39/58), oc-
curring with an median delay of 26 weeks (range 1–104 
weeks) after the onset of therapy. Fifty-one patients 
(87.9%) developed blisters. The median time to the ap-

pearance of blisters was 27.5 weeks (range 3–104 weeks) 
from anti-PD-1/PD-L1 commencement. In 5 patients, 
blisters developed after discontinuation of the PD-1/PD-
L1 inhibitor. If present, blisters were distributed in 1, 2 
or more than 3 anatomical sites in 13.7% (7/51), 31.4% 
(16/51) and 54.9% (28/51) of patients, respectively. An 
exact grading of BP according to common terminology 
criteria for adverse events (CTCAE) was not provided. 
Mucosal involvement was found in 15.5% (9/58) of 
patients, occurring between 10 and 80 weeks (median 
52 weeks) after anti-PD-1/PD-L1 initiation. The inci-
dence of further anti-PD-1/PD-L1-related irAEs was low 
[12.1% (7/58)], with vitiligo (6.9%), arthralgias (3.4%) 
and hypothyroidism (1.7%) being the only reported 
findings.1https://www.medicaljournals.se/acta/content/abstract/10.2340/000155553740

Table I. Patient characteristics, tumour types and cancer 
treatment of bullous pemphigoid cases associated with anti-
programmed cell death protein-1 (PD-1)/programmed death 
ligand-1 (PD-L1) immunotherapy

Variables n/ntotal (%)

Patient characteristics
Age, years, median (range) 71 (38–90)
Sex
  Male 43/58 (74.1)
  Female 15/58 (25.9)
Tumour types
  Cutaneous melanoma 31/58 (53.5)
    Male 24/31 (77.4)
    Female   7/31 (22.6)
  NSCLC 17/58 (29.3)
    Male 11/17 (64.7)
    Female   6/17 (35.3)
  Renal cell carcinoma 4/58 (6.9)
    Male 4/4 (100)
    Female 0/4 (0)
  Urothelial carcinoma 2/58 (3.5)
    Male 1/2 (50)
    Female 1/2 (50)
  Oesophageal adenocarcinoma 1/58 (1.7)
    Male 1/1 (100)
    Female 0/1 (0)
  Endometrial adenocarcinoma 1/58 (1.7)
    Male 0/1 (0)
    Female 1/1 (100)
  Cutaneous SCC 1/58 (1.7)
    Male 1/1 (100)
    Female 0/1 (0)
  Clear cell carcinoma 1/58 (1.7)
    Male 1/1 (100)
    Female 0/1 (0)
Offending checkpoint inhibitor
  AntiPD1
    Nivolumab 28/58 (48.3)
    Pembrolizumab 25/58 (43.1)
    Cemiplimab 1/58 (1.7)
  AntiPDL1 3/58 (5.2)
    Atezolizumab 1/58 (1.7)
    Durvalumab
Treatment setting
  Palliative 55/58 (94.8)
  Adjuvant 2/58 (3.5)
  Neoadjuvant 1/58 (1.7)
Prior systemic cancer treatment
  None 35/58 (60.3)
  Chemotherapy 12/58 (20.7)
  Ipilimumab 10/58 (17.2)
  Dabrafenib+trametinib 1/58 (1.7)
  Other 4/58 (6.9)

NSCLC: nonsmall cell lung cancer; SCC: squamous cell carcinoma.

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3740


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

3/7Bullous pemphigoid associated with PD-1/PD-L1 inhibitors

Acta Derm Venereol 2021

Regarding histopathology, subepidermal bulla and 
eosinophils were present in 70.7% (41/58) and 81% 
(47/58) of patients, respectively, while the presence of 
neutrophils was rare [6.9% (4/58)]. In the majority of 
cases with reported DIF results [86.8% (46/53)], linear 
disposition of IgG and/or C3 was observed along the 
dermo–epidermal junction (DEJ). The IIF was perfor-
med in a total of 20 patients and revealed presence of 
IgG in 85% (17/20) of them. The presence of serum 
autoantibodies was evaluated in 42 patients, either by 
enzyme-linked immunosorbent assay (ELISA) or im-
munoblotting, revealing a clearly higher incidence of 
BP180 compared with BP230 autoantibodies (73.8% vs 
7.1%). Six patients [14.3% (6/42)] also exhibited auto-
antibodies against other epitopes, including desmoplakin 
1/2, desmoglein 1/3, LAD-1 and 190kDa periplakin, and 
7 patients [16.7% (7/42)] exhibited no autoantibodies. 
Serum eosinophils and total IgE were evaluated and 
found to be increased in 11 and 7 cases, respectively.

All patients received topical therapy with corticos-
teroids. The great majority of them [91.3% (54/58)]
required additional systemic therapy with corticoste-
roids (per os or intravenously) prevailing as first-line 
treatment [86.2% (50/58)]. Further treatment modalities 
included tetracyclines (mostly doxycycline) with or 
without niacinamide [35.5% (20/58)], rituximab [12.1% 
(7/58)], omalizumab [8.6% (5/58)], methotrexate [5.2% 
(3/58)], dapsone (3.4% (2/58)), plasma exchange [1.7% 
(1/58)] and intravenous immunoglobulin [1.7% (1/58)]. 
Antibiotics were administered with a median delay of 28 
weeks (range 4–104 weeks) after immunotherapy start, 
while 90% (18/20) of patients who received antibiotics 
had extensive disease (2 or more anatomical sites). The 
incidence of treatment discontinuation due to BP was 
evaluated utilizing the group of patients developing BP 
during, and not after, immunotherapy (n = 53). In nearly 
three-quarters of them [73.6% (39/53)] BP made the 
interruption or discontinuation of immunotherapy neces-
sary. In 17 [43.6% (17/39)] of them, BP was diagnosed 
and treated with a median delay of 20 weeks (range 
3–63 weeks) after initial skin toxicity. Four patients were 
re-challenged with the same PD-1 inhibitor and 4 with 
another PD-1 inhibitor and/or ipilimumab after BP stabi-
lization. Re-challenging with the same PD-1 inhibitor led 
to BP recurrence in 1 out of 4 patients, while administra-
tion of another checkpoint inhibitor led to BP recurrence 
in 2 out of 4 patients. Two patients experiencing recurrent 
disease were sufficiently managed with topical steroids 
only and one had to discontinue immunotherapy again.

Tumour outcome was documented for 39 patients. 
Complete response (CR) or partial response (PR) was 
achieved in 53.8% (21/39) of patients, 7.7% (3/39) 
of them experienced stable disease (SD) and 38.8% 
(15/39) had progressive disease (PD). The percentages 
of nivolumab- and pembrolizumab-associated BP were 
equal between these groups. All patients who developed 

vitiligo achieved CR or PR. In patients with CR or PR, 
the median time to blisters was 24 weeks (or 17 cycles), 
while in patients with SD or PD, the median time to 
blisters was 17 weeks (or 9 cycles). Among patients 
developing BP lesions in 1 body site, 42.8% (3/7) had 
CR or PR, 28.6% (2/7) had SD or PD, and 28.6% (2/7) 
had no documented tumour outcome. Among patients 
who developed BP lesions in 2 body sites, 31.3% (5/16) 
had CR or PR, 31.3% (5/16) had SD or PD, and 37.4% 
(6/16) had no documented tumour outcome. Among 
patients who developed BP lesions in 3 or more body 
sites, 35.8% (10/28) had CR or PR, 32.1% (9/28) had 
SD or PD, and 32.1% (9/28) had no documented tumour 
outcome. Evaluation of the 2 most common systemic 
BP treatments between responders (CR or PR) and 
non-responders (PD) identified nearly same incidence 
regarding corticosteroid administration [85.7% (18/21) 
vs 80% (12/15)], but notably higher incidence in admi-
nistration of antibiotic therapy in non-responders [19% 
(4/21) vs 53.3% (8/15)].

DISCUSSION

Bullous dermatoses constitute rare irAEs of checkpoint 
inhibitors, with a frequency ranging from 1% to 8% 
among cutaneous irAEs according to retrospective stu-
dies (12–15). With regards to BP, it appears to be a class 
effect of anti-PD-1 immunotherapy, since it has not yet 
been observed in the context of therapy with cytotoxic 
T-lymphocyte-associated protein 4 inhibitors (15). Its 
frequency is rather underestimated, most likely due to 
publication bias and possible misdiagnosis of mild or 
atypical cases, leading to insufficient documentation in 
oncology reports. In line with previous observations, 
we found melanoma to be the most frequent underlying 
malignancy, a median patients’ age of 71 years and a 
significant male predominance, as opposed to classic 
BP, which favours female population (16). A higher 
incidence of melanoma has been reported for male 
populations between 70 and 74 years of age, a fact that 
may be partially related to the observed higher incidence 
of BP in male patients receiving anti-PD1/PD-L1 im-
munotherapy for melanoma (17). Patient age has not 
been correlated with the likelihood of developing irAEs 
(including skin toxicity) during immunotherapy, and 
thus may not predict the possibility of BP development 
(18, 19). Finally, induction of irAEs from PD-1/PD-L1 
inhibitors has been found to be 2.2 times more likely in 
patients with melanoma compared with those with lung 
cancer (p = 0.013), a result that is also reflected in the 
current findings (19).

The clinical findings of drug-associated BP resembled 
those of classic disease, including a prodromal, pruritic, 
papular or eczematous eruption followed by moderate-to-
severe skin blistering in 87.9% and mucosal involvement 
in 15.5% of cases. It is worth noting that BP occurred with 
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a median latency of 27.5 weeks after the beginning of 
immunotherapy while some patients developed BP after 
completing the second year of treatment or shortly after 
its discontinuation. A delayed onset of cutaneous irAEs 
(≥ 3 months) is common and has also been de scribed for 
other dermatological irAEs, including granulo matous 
reactions and erythema multiforme (20, 21). Diagnostic 
assessment should include histopathological examina-
tion and DIF, which typically reveal a subepidermal 
bulla together with eosinophilic infiltration and linear 
IgG and C3 along DEJ, respectively. Additional IIF and 
salt-split-skin testing may also show a positive epider-
mal linear staining. When available, implementation 
of ELISA or immunoblotting should be considered, 
enabling the detection of circulating autoantibodies that 
typically target BP180 or less common hemidesmoso-
mal antigens (Table II). Given the broad spectrum and 
latency of clinical manifestations, it has been proposed 
that diagnostic criteria should focus on the aforemention-
ed diagnostic findings, giving only a minor role to the 
clinical presentation (22). The clinical, diagnostic and 
therapeutic observations concerning anti-PD-1/PD-L1 
related BP are summarized in Fig. 1.

It is known that, except for DEJ, BP180 is expressed 
on the surface of malignant melanocytic tumours, as 

well as on non-small cell lung cancer cells and urothelial 
epithelium (23). This finding initially raised suspicion 
about a possible paraneoplastic nature of BP in tumour 
patients, particularly in patients with renal cancer, 
laryngeal cancer, and lymphoid leukaemia (p < 0.05). 
(24). However, accumulating reports on BP resolving 
after immunotherapy cessation even in non-responders, 
rationalized the causal relationship between PD-1/PD-L1 
inhibitors and BP. To date, the “same-antigen-theory” is 
gaining acceptance suggesting that targeting of BP180 on 
tumour cells activates a cross-reactive immunogenicity 
against the basal membrane of the skin and vice versa 

Table II. Detected autoantibodies in patients with anti-programmed 
cell death protein-1 (PD-1)/programmed death ligand-1 (PD-L1)-
associated bullous pemphigoid (BP)

Autoantibody Patients (n)

AntiBP180, NC16A domain 31
AntiBP230 3
AntiBP180, cterminal domain 2
AntiLAD1 2
AntiDesmoglein 1/3 2
AntiDesmoplakin 1/2 1
AntiBMZ 1
Anti190kDa periplakin 1
No autoantibodies 7
Not documented/assessed 16

Fig. 1. Clinical, diagnostic and therapeutic characteristics of anti-programmed cell death protein 1 (PD-1)/programmed cell death ligand 
1 (PD-L1)-related bullous pemphigoid (BP) based on published cases. DIF: direct immunofluorescence; IIF: indirect immunofluorescence; SSS 
test: saltsplit skin test; DEJ: dermoepidermal junction; IB: immunoblotting; EBA: epidermolysis bullosa acquisita; SJS: StevensJohnson syndrome; 
TEN: toxic epidermal necrolysis; IgG: immunoglobulin G; IgE: immunoglobulin E; ELISA: enzymelinked immunoassay.
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(11). Interestingly, a recent study analysed the expres-
sion of skin antigens in NSCLC cancer tissue, assuming 
that they could trigger the production of autoantibodies 
that might affect therapy response. Among them, higher 
levels of anti-BP180 IgG at baseline were found to be 
significantly associated with better therapy response 
(p =  0.01), prolonged overall survival (p = 0.04) and 
high er probability to develop skin irAEs (p = 0.04) during 
anti-PD-1/PD-L1 treatment, suggesting that anti-BP180 
IgG may be considered as a biomarker (25). Likewise, 
the presence of collagen XVII-positive melanoma cells in 
a metastatic lymph node, but not in the primary tumour, 
has been demonstrated in one patient with melanoma and 
BP who responded completely to pembrolizumab (26). 
Future studies on immunohistochemical characteristics 
of both primary and metastatic tumour cells may help us 
better understand how BP180 overexpression is related 
to such outcomes.

In addition to cross-reactivity, the presence of auto-
antibodies against different epitopes found in anti-PD-/
PD-L1 associated BP may be attributed to epitope-
spreading phenomena, as seen in dipeptidyl peptidase-
4-inhibitor-associated BP (27). It has been proposed 
that autoanti bodies may even develop secondary to a 
lichenoid process, a unique cutaneous adverse event of 
PD-1 inhibitors, which often manifests early after therapy 
initiation and may lead to exposure of the hemidesmo-
somal proteins to the immune system (28). It must be 

highlighted that commercial ELISA, the most frequently 
implemented diagnostic method, detects autoantibodies 
only against the NC16A portion of BP180. Hence, diag-
nostic assessment should include methods such as Wes-
tern blotting, which enables the investigation of the major 
autoantibodies involved in the pathogenesis of anti-PD-1/
PD-L1-associated BP. Irrespective of the implicating an-
tigen, it is widely believed that autoimmune phenomena 
caused by PD-1/PD-L1 inhibitors involve both B- and 
T-cell dysregulation. This is responsible for the aberrant 
production of autoantibodies, which consecutively target 
BMZ-antigens, as illustrated in Fig. 2 (29–31).

Combination of topical and systemic corticosteroids 
constitutes the mainstay of treatment for short-term 
blister control in anti-PD-1/PD-L1-associated BP. If 
maintenance therapy is required, tetracyclines may be 
prioritized, given their proven efficacy and favourable 
safety profile for long-term blister control in classic BP 
(32). Rituximab has been successfully used to treat cor-
ticosteroid refractory anti-PD-1/PD-L1-associated BP 
(Table SI1). It has been suggested that this agent should 
rather be preferred over T-cell-depleting immunosuppres-
sants (azathioprine, mycophenolate mofetil), due to its 
targeted inhibition of pathogenic B cells (14). Likewise, 
omalizumab has also been proven to be efficient and 
should be considered in patients with elevated total IgE 
(33). As observed in the current study, most patients will 
probably require discontinuation of immunotherapy, a 

Fig. 2. Suggested pathogenesis of anti-programmed cell death protein 1 (PD-1)/programmed cell death ligand 1 (PD-L1) associated bullous 
pemphigoid (BP) involving both B- and T-cell dysregulation. (1a) PD1 signalling in Tcellindependent humoral immunity: PD1 signalling inhibits the 
binding of the tumour antigen (e.g. BP180) to its receptor on B cells (BCR), suppressing further B cell expansion. (1b) T cell independent B cell activation 
after PD1 inhibition: PD1 blockade enhances the BCR response and initiates B cell expansion with subsequent antibody production, responsible for a 
crossreactive immunogenicity against the basal membrane of the skin. (2a) PD1 signalling in the Tcelldependent humoral immunity: PD1 signalling 
acts as a promoter in Tcelldependent humoral immunity for both follicular helper T (Tfh)B cell and follicular regulatory T (Tfr)B cell interaction within 
the germinal centres. Tfh cells mediate the selection and survival of B cells, enabling their differentiation into either high-affinity antibody-producing 
plasma cells or memory B cells. On the other hand, Tfr cells suppress both Tfh cells and B cells and thus control unwarranted germinal centre reactions. 
(2b) Tcelldependent B cell activation after PD1 inhibition: PD1 inhibition negatively impacts both the selection of potentially mutated B cells by Tfh 
cells and the inhibitory function of Tfr, enhancing an aberrant production of low-affinity plasma cells, that can drive antibody-mediated autoimmune 
phenomena, including BP. Treg: regulatory T cell.

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3740
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decision that depends mainly on the severity of BP (i.e. 
CTCAE Grade ≥ 2). Notably, 43.6% of patients who 
discontinued immunotherapy were diagnosed with BP 
with a median delay of 20 weeks after initial skin toxicity. 
Hence, atypical eruptions should warrant prompt derma-
tological referral, extensive diagnostic evaluation and 
appropriate treatment, to prevent further BP progression 
and prolonged interruption of immunotherapy. Given 
the small number of patients undergoing re-challenge, 
it is not possible to draw conclusions regarding potential 
recurrence after recommencing immunotherapy, and this 
should depend on blistering control and perceived bene-
fits. Future studies may identify biomarkers to predict 
an increased risk of relapse, such as increased levels of 
total serum IgE, eosinophils, BP180 and CD19 in classic 
BP treated with rituximab (34).

Accumulating evidence associates certain dermato-
logical irAEs, such as vitiligo, lichenoid and spongiotic 
dermatitis with a robust immune response (35, 36). 
However, data concerning BP are missing and, to date, 
only one retrospective study (n = 12) associates the de-
velopment of BP with improved tumour response after 
anti-PD-1 therapy (13). Our results could not support 
this correlation. However, they should be interpreted 
with caution due to the retrospective analysis of the 
data, which cannot assess the effect of confounding 
factors (e.g. prolonged systemic immunosuppression, 
with drawal of immunotherapy) on tumour outcome. 
In addition, tumour outcome was not found to be cor-
related with BP severity. Interestingly, a higher in-
cidence of tetracycline administration was observed 
in non-responders than in responders. Recent studies 
have demonstrated a detrimental effect of antibiotics 
in overall and progression-free survival during cancer 
immunotherapy, especially if antibiotic exposure occurs 
shortly before therapy start (37–39). This effect has been 
principally attributed to alterations in gut microbiome 
accounting for a subsequent dampened immune response 
(40). However, data determining the critical window 
after initiation of immunotherapy are still lacking (37). 
Therefore, we could not definitely attribute the worse 
outcome to antibiotic exposure, considering the long 
latency of antibiotic administration after anti-PD-1/
PD-L1 commencement (median delay of 28 weeks), the 
concomitant or sequential use of immunosuppressants, 
and the insufficient baseline data provided, especially 
regarding tumour burden and performance status. Ne-
vertheless, further research is needed in order to investi-
gate this important finding.

Limitations
This review is limited by the quality of the data avai-
lable in the reports, which largely include case reports 
and small retrospective studies, given the rarity of this 
adverse event. Moreover, the heterogeneity of reporting, 

especially concerning duration of pharmacological im-
munosuppression, BP duration and grading, as well as 
tumour outcome, limits the ability to assess the severity 
of this condition and conduct an in-depth analysis with 
regards to its prognostic and therapeutic implications.

Conclusion
BP has gained increasing recognition among cutaneous 
irAEs of PD-1/PD-L1 inhibitors. Distinguishing BP from 
other cutaneous toxicities or even tumour-induced pru-
rigo is not always straightforward. Refractory, atypical 
pruritic eruptions, even in the absence of blisters, should 
warrant dermatological referral and further investigation. 
Prompt diagnosis and management might decrease the 
necessity of treatment discontinuation, improving the 
oncological outcome. Further studies may clarify the 
underlying immunogenetic mechanisms of this condition, 
identify patients at risk of development of BP, and ascer-
tain the efficacy and safety of existing therapeutic agents 
in terms of their potential to control symptoms without 
affecting the antitumour efficacy of immunotherapy.
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