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Growing evidence has linked bullous pemphigoid
(BP) to immune checkpoint inhibitor (ICI) therapy
in cancer treatment. However, the immunological
features of ICI-associated BP (ICI-BP) are not

SIGNIFICANCE

Managing immunotherapy-associated bullous pemphigoid
(ICI-BP) requires balancing autoimmune disease control

yet fully elucidated. In order to characterize the
humoral response in ICI-BP patients and investigate
whether their epitope profile differs from idiopathic
BP (IBP), 53 ICI-BP patients were enrolled,
immunologically characterized and compared with 59
IBP patients. ICI-BP had a distinctive IgG humoral
profile, with reduced reactivity toward BP230 and
recognition of multiple BP180 epitopes beyond the
immunodominant extracellular noncollagenous 16A
domain (NC16A). Specifically, reactivity to BP180
ectodomain was present in 94% of ICI-BP and
78% of IBP (p=0.044). Moreover, BP180 C-terminal
epitope was more frequently targeted in ICI-BP
than IBP (72% vs 41%, p=0.002). Notably, the
combined use of an in-house BP180 ectodomain
ELISA and the commercial BP180 test increased
diagnostic sensitivity from 83% to 100%. Enhanced
IgG reactivity toward nonimmunodominant epitopes,
and especially C-terminal epitope recognition,
characterize the humoral immune response in ICI-BP.
Our data suggest that combining NC16A and full-
length BP180 ectodomain ELISAs may help reduce
diagnostic delay in ICI-BP patients, in whom a
timely diagnosis is crucial to appropriately manage
the disease and ultimately avoid discontinuation of
cancer therapy.

and oncologic therapy continuation. This study offers
an integrated clinical, immunological and genetic
characterization of a large ICI-BP cohort. Compared to
idiopathic BP, ICI-BP shows a distinctive immunological
signature that could be leveraged for earlier BP diagnosis.
The joint use of a commercial and in-house assay to detect
autoantibodies to different regions of BP180, the main
target in BP, allowed diagnosis in 100% of patients. This
approach may enable prompt BP diagnosis and its timely
management, avoiding unnecessary immunotherapy
discontinuation and improving outcomes for patients
receiving life-prolonging cancer immunotherapy.

Key words: autoantibodies; BP180; bullous pemphigoid;
epitope profile; humoral response; immune checkpoint
inhibitors.
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ullous pemphigoid (BP) is an autoimmune skin

disorder characterized by subepidermal blistering,
resulting from autoantibodies (autoAbs) directed against
hemidesmosomal components: BP180 and BP230 (1, 2).
Evidence from case-control studies has linked a broad
range of medications to BP (3). Additionally, there is
growing interest in BP as an immune-related adverse
event (irAE) associated with immune checkpoint
inhibitors (ICIs), whose use is steadily increasing in
oncology (4). ICIs are monoclonal antibodies targeting
cytotoxic T-lymphocyte antigen 4 and programmed cell
death protein 1 or its ligand (PD-1/PD-L1), thereby
enhancing the T-cell-mediated immune response against
tumour cells. While ICIs have revolutionized cancer
treatment, their mechanism of action also causes
nonspecific immune activation leading to adverse events
affecting multiple organ systems, including the skin
(4). Specifically, ICIs block inhibitory T-cell pathways,
enhancing their activity and, in some cases, trigger
B-cell-mediated production of autoAbs against BP180
and BP230, potentially leading to the onset of BP.
Although ICI-associated BP (ICI-BP) is an uncommon
irAE, with reported incidence rates ranging from 0.2%
to 0.8% (5-7), it can lead to oncological treatment
discontinuation.

The association between BP and specific HLA alleles
in the Italian population has been demonstrated (8);
however, HLA allele typing has been performed in few
ICI-BP patients and data on genetic susceptibility in this
population remain scarce (9, 10).

BP180 is the primary BP autoantigen, with its
immunodominant region, the noncollagenous 16A
domain (NCI16A), accounting for approximately 80—
90% of IgG, 65% of IgA, and 80% of IgE autoAb
reactivity (1, 11, 12). Nevertheless, additional epitopes
within the extracellular domain of BP180 (ECD-BP180)
have also been identified (13, 14) (Fig. 1).

In ICI-BP, the humoral response is predominantly
directed against BP180 rather than BP230, suggesting a
selective immune recognition of more exposed antigens
at the dermoepidermal junction (4).

Although some studies described the clinical features
of ICI-BP (4, 15), its immunological characteristics
remain insufficiently explored. Characterization of
the ICI-BP humoral response could enable the
identification of a specific diagnostic approach
for timely diagnosis, allowing appropriate disease
management and ultimately preventing discontinuation
of cancer therapy.

MATERIALS AND METHODS
Study population

Fifty-six patients were retrospectively and prospectively
enrolled in the Dermatology Units of 10 Italian
hospitals between January 2020 and September 2024.
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Three patients were excluded, as one was affected
with mucous membrane pemphigoid and 2 developed
BP more than 12 months after therapy interruption.
Therefore, this study includes 53 patients who
developed BP during cancer treatment with ICIs or up
to 12 months after discontinuation. Fifty-nine idiopathic
BP (IBP) and 30 gliptin-associated BP (GABP) were
also retrospectively enrolled as controls. The diagnosis
of BP was established according to the current European
Guidelines for BP (16). This study was approved by
the local Ethics Committee and was conducted in
accordance with the Declaration of Helsinki guidelines.
All patients gave written informed consent.

Typing of human leucocyte antigens

Thirty-two ICI-BP patients were typed for the HLA-
A, B, C, DRBI1, DRB3/4/5, DQA1, DQBI1, DPAIl
and DPBI1 loci at high resolution using an NGS
method on the S5 Ion Torrent platform with the
FastPlex Kit (both from Thermo Fisher, Canoga Park,
CA, USA). Occasionally, typing was performed using
the SSO method with LABType XR and analysed
on the Luminex LABScan3D™ (both from Thermo
Fisher, Canoga Park, CA, USA). A group of Italian
healthy donors (HD) and IBP patients, which had been
previously characterized (8), were used as comparisons.

Enzyme-linked immunosorbent assays

IgG autoAbs targeting BP180-NC16A and BP230
were detected with commercial ELISA tests (MBL
International, Woburn, MA, USA), with a cut-off value
>9 U/mL. The immunological profiles of patients with
active lesions at the time of blood draw, regardless of
time from disease onset or initiation of BP-directed
therapy, were further characterized. IBP and GABP
controls were selected according to the same criterion
and IgG reactivity against other epitopes of BP180 (Fig.
1) was assessed. Specifically, autoAbs directed against
ECD-BP180, covering amino acid residues 490-1497,
were detected with a recently described in-house ELISA
(cut-off value >10.02 pemphigoid index value, PIV)
(11), and IgG reactivity to the mid-portion (E-1080) and
COOH-terminus (E-1331) regions of BP180 ectodomain
(spanning amino acids 1080-1107 and 1331-1404,
respectively) was also assessed by using ELISAs with
GST-1080 and GST-1331 (cut-off >14.9 PIV and >4.5
PIV, respectively) (13) (Fig. 1). PIV represents the
standardization of extinction data on the positive and
negative internal standards, which were set to 1 and 0
OD units (17). Moreover, IgE and IgA reactivity against
BP180-NC16A and BP230 was also measured by
slightly modifying MBL’s protocol for its commercial
tests as previously reported (IgE cut-offs: BP180 >3.2
PIV, BP230 >4.5 PIV; IgA cut-offs: BP180 >13.8 PIV,
BP230 >14.5 PIV) (12).
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Fig. 1. Schematic representation of the BP180 antigen. NC16A immunodominant domain, E-1080 and E-1331 encompass residues 490-562,
1080-1107 and 1331-1404, respectively. The entire extracellular portion of BP180 (ECD-BP180) spans amino acids 490 to 1497. Black and light blue

boxes refer to non-collagenous and collagenous protein domains, respectively

Direct and indirect immunofluorescence

Direct and indirect immunofluorescence (DIF and IIF)
were performed as previously described (1, 18).

Statistical analysis

Differences on immunological profiles were assessed
through the Fisher exact (probability) test and
the Mann—Whitney U test using GraphPad Prism
software version 9.4.1. Differences in allele and
phenotype frequencies for HLA alleles across the
analysed groups were assessed through the y* test.
Bonferroni correction was also applied. Differences

were considered significant when the p-value was
<0.05.

RESULTS

Demographic and clinical features of 53 patients
with immune checkpoint inhibitor-associated bullous
pemphigoid

Fifty-three patients with ICl-associated BP had a
mean age of 74.9, and the majority (88.7%) were
males (Table I). BP presented with a median delay
of 41 weeks from therapy initiation and the median

Table I. Demographic and clinical characteristics of patients with idiopathic, immune checkpoint inhibitor-associated and gliptin-

associated bullous pemphigoid

59 IBP 53 ICI-BP 30 GABP
Mean age - years (+SD) 77.8 (£9.6) 74.9 (£8.3) 79.3 (£7.4)
Males - n/N (%) 30/58 (51.7) 47/53 (88.7) 15/30 (50.0)
Mucosal involvement® - n/N (%) 13/59 (22.0) 8/49 (16.3) 7/30 (23.3)
Median delay - weeks (range) / 41 (5-353) 35 (1-511)
Median time to diagnosis - weeks (range) / 49 (8-357) 43 (1-546)

DIF (linear IgG and/or C3)° - n/N (%)

IIF (epidermal side, IgG)° - n/N (%)

Mode of oncologic therapy administration? - n/N (%)
Discontinued because of BP onset

52/56 (93.0)
57/58 (98.3)

37/40 (92.5)
32/37 (80.0)

20/23 (87.0)
25/29 (86.2)

22/40 (55.0)

Discontinued after BP onset with CR 2/40 (5.0)
Discontinued after BP onset with PD 1/40 (2.5)
Temporarily interrupted because of BP onset 7/40 (17.5)
Uninterrupted 7/40 (17.5)
BP onset after discontinuation of cancer therapy 1/40 (2.5)

Tumour type - n/N (%)
Lung cancer
Melanoma
Renal/Urothelial cancer

18/53 (34.0)
16/53 (30.2)
10/53 (18.9)

Other 9/53 (17.0)

Immune checkpoint inhibitor = n/N (%)
Nivolumab
Pembrolizumab
Atezolizumab, cemiplimab, spartalizumab

24/53 (45.3)
24/53 (45.3)
5/53 (9.4)

BP: bullous pemphigoid; CR:complete tumor response; DIF:direct immunofluorescence; GABP:gliptin-associated bullous pemphigoid; IBP: idiopathic bullous
pemphigoid; ICI-BP: immune checkpoint inhibitor-associated bullous pemphigoid; IIF: indirect immunofluorescence; PD: tumor progressive disease.

Acta Derm Venereol 2026
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time to diagnosis was 49 weeks (Table I). ICI-BP
with mucosal involvement were 16.3% (Table I).
The majority of patients was treated for lung cancer
(34.0%), followed by melanoma (30.2%) and renal/
urothelial cancer (18.9%), while the remaining 16.9% of
patients were treated for multiple basal cell carcinomas
(n=1), squamous cell carcinoma (n=2), tracheal
cancer (n=1), colorectal cancer (n=3), hepatocellular
carcinoma (n=1) and parotid cancer (n=1) (Table I).
Anti-PD-1 monoclonal antibodies pembrolizumab and
nivolumab were equally employed, while a minority
of patients received other anti-PD-(L)1 agents (Table
I). In more than half of patients, oncologic therapy
was discontinued after BP onset, whereas 17.5%
experienced only a temporary interruption. A total
of 17.5% of patients continued oncologic treatment
despite BP onset. In the remaining 10.0% of patients,
discontinuation occurred: (i) before BP onset, (if)
after complete tumour response or (iii) due to tumour
progression (Table I).

HLA allele frequencies were similar in immune
checkpoint inhibitor-associated bullous pemphigoid and
idiopathic bullous pemphigoid

To identify HLA alleles that could reflect a higher
susceptibility to develop BP in ICl-treated patients in
the Italian population, we analysed 32 ICI-BP Italian
patients, comparing them with 1,017 HD and 28 IBP
patients.

As previously described in IBP (8), ICI-BP
patients of this study showed a higher frequency
of HLA alleles DQB1*03:01 (51.6% vs 32.0%,
p=0.001 and Bonferroni-corrected p [pc]=0.020) and
DQA1*05:01P (56.3% vs 39.5%, p=0.009, pc=not
statistically ~significant) in the comparison with
HD (Table II). The HLA-DQB1*03:01 phenotype
frequency was also higher in ICI-BP (81.3%
vs 54.5%, p=0.003, pc=0.050). Both allele and
phenotype frequencies of DRB1*11:04 were higher
in ICI-BP (25.0% vs 14.1%, p=0.030 and 43.8% vs
23.0%, p=0.007) (Table II). Of note, ICI-BP patients
also had significantly higher allele and phenotype

frequencies for the locus A*31:01 (allele: 9.4% vs
1.6, p<0.001, pc=0.040; phenotype: 18.8% vs 3.0%,
2<0.00001, pc<0.001) (Table II).

Immune  checkpoint  inhibitor-associated — bullous
pemphigoid patients show a peculiar 1gG humoral
response against the BP autoantigens in comparison
with idiopathic bullous pemphigoid patients

Sera from 50 ICI-BP patients with active lesions were
tested and compared with IBP immunological profiles.
Furthermore, as GABP has previously been reported to
have a typical immunological response (12), the ICI-BP
group was also compared with gliptin users.

ICI-BP patients showed a peculiar IgG response:
although no major differences were found in regard
to BP180-NCI16A, both reactivity and mean titres to
the other BP180 epitopes were significantly higher
in ICI-BP than in IBP, while the opposite was
observed for the response to BP230 (Table SI, Fig.
2). Specifically, ECD-BP180 reactivity was more
frequent in ICI-BP than IBP patients (93.6% vs
78.0%, p=0.044), with higher mean titres (104.1
vs 77.0 PIV, p=0.037) (Table SI, Fig. 2). Notably,
COOH-terminal epitope of BP180 (E-1331) was
more frequently targeted in ICI-BP than IBP (72.3%
vs 40.7%, p=0.002), with higher IgG titres (PIV:
95.1 vs 36.8, p=0.006) (Table SI, Fig. 2). ICI-
BP also showed increased reactivity to the BP180
mid-portion epitope, E-1080, (55.3% vs 32.2% in
IBP (p=0.028); however, autoAb titres did not differ
significantly (Table SI, Fig. 2). As for BP230,
both reactivity (24.0%) and titres (25.8 U/ml) were
heavily lower in ICI-BP than IBP (55.9% and 68.2
U/ml; p=0.001 and p<0.001, respectively) (Table SI,
Fig. 2).

Compared with IBP, ICI-BP and GABP showed
similarly high IgG reactivity to ECD-BP180 and low
positivity to BP230. Of note, reactivity to NCI16A
was not reduced in ICI-BP in contrast to GABP.
Another interesting difference concerned anti-E-1331
mean titres, which were higher in ICI-BP (p=0.007)
(Table SI).

Table II. Comparison of HLA profile between 32 ICI-BP patients, 28 IBP and 1,017 healthy donors

ICI-BP (N=32), IBP (N=28), HD (N=1,017), ICI-BPvsIBP ICI-BPVSHD | oo o ipp ICI-BP vs HD

Allele/Aplotype n (%) n (%) n (%) (p) (p) (pc) (pc)

Alleles 6 (9.4) 3 (5.4) 32 (1.6) NS <0.001 NS 0.040
A*31:01 Phenotypes 6 (18.8) 3(10.7) 30 (3.0) NS <0.00001 NS <0.001

Alleles 16 (25.0) 17 (30.4) 286 (14.1) NS 0.030 NS NS
DRB1*11:04 Phenotypes 14 (43.8) 15 (53.6) 234 (23.0) NS 0.007 NS NS

Alleles 36 (56.3) 27 (48.2) 803 (39.5) NS 0.009 NS NS
DQA1*05:01P Phenotypes 25 (78.1) 22 (78.6) 643 (63.2) NS NS NS NS

Alleles 33 (51.6) 28 (50.0) 651 (32.0) NS 0.001 NS 0.020
DQB1*03:01 Phenotypes 26 (81.3) 22 (78.6) 554 (54.5) NS 0.003 NS 0.050

Statistically significant results are reported in bold and italic.

HD:normal healthy donors; IBP:idiopathic bullous pemphigoid; ICI-BP:immune checkpoint inhibitor-associated bullous pemphigoid; NS:not statistically significant;

pc:Bonferroni-corrected p.
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Fig. 2. IgG, IgE and IgA autoantibody reactivity to BP180/BP230 in idiopathic and drug-associated bullous pemphigoid patients. Bar
plot representation of IgG, IgE and IgA positivity to BP230 and BP180 (NC16A, ectodomain [ECD], E-1080, E-1331, spanning amino acids 490-562,
490-1497, 1080-1107 and 1331-1404, respectively) epitopes in idiopathic, immune checkpoint inhibitor-associated and gliptin-associated bullous

pemphigoid patients (IBP, ICI-BP and GABP respectively).

In addition, ICI-BP patients showed higher IgE titres
to BP180-NCI16A than IBP (PIV: 53.7 vs 15.5, p=0.030)
(Table SI). Regarding IgA, reactivity against BP180-
NC16A was also higher in ICI-BP than in IBP, although
not statistically significant (Table SI). The comparison
with GABP also showed some differences in IgE and
IgA responses: ICI-BP patients had higher IgE reactivity
to BP180-NC16A (70.6% vs 26.7%, p<0.001) and
higher IgA reactivity to both BP180-NC16A (76.5% vs
36.7%, p=0.003) and BP230 (58.8% vs 26.7%, p=0.019)
(Table SI). ICI-BP also seemed to have higher IgE mean
titres to NC16A (p=0.052) (Table SI).

Longer delays in BP onset are associated with an
increased IgG reactivity to the immunodominant epitope
of BP

Stratification by age, tumour type, drug employed, and
time to onset revealed that only time to BP onset (<
or > 40 weeks from therapy initiation) significantly
affected serum IgG profiles (Table SII, Table SIII).
Specifically, higher autoAb titres in patients with delays
longer than 40 weeks for ECD-BP180 (PIV: 135.0
vs 70.5, p<0.001) and E-1331 (PIV: 129.8 vs 53.4,
p=0.013) (Table SII) was observed. Of note, patients
with longer delays were more reactive to BP180-
NC16A than those with BP onset within 40 weeks from

Acta Derm Venereol 2026

therapy initiation (95.7% vs 68.0%, p=0.032) (Table
SII).

An ELISA based on ECD-BP180 increases diagnostic
sensitivity of BP180 and BP230 commercial ELISAs

Commercial ELISAs failed to detect BP autoAbs in
7 patients who were double negative on both BP180-
NC16A and BP230, and 1 patient showed reactivity
only to BP230. Interestingly, all 8 patients showed
IgG reactivity against other BP180 epitopes (Fig.
3). Specifically, 3 (37.5%), 7 (87.5%) and all 8
patients reacted to E-1331, E-1080 and ECD-BP180,
respectively (Fig. 3). Thus, our in-house ECD-BP180
ELISA increased the sensitivity of commercial BP180-
NCI16A test, showing a role in reducing diagnostic delay
in ICI-BP patients.

Among the 8 NCI16A-negative patients, DIF was
positive in 4, negative in one, and unavailable in
3. In the latter cases, IIF showed dermo-epidermal
junction staining in one, was negative in one and
unavailable in the third. The DIF negative patient
was positive on IIF. Thus, in 2/8 NCIl6A-negative
patients (25.0%), DIF and IIF were negative or
unavailable, highlighting the diagnostic value of
ECD-BP180 ELISA. While DIF remains the gold
standard for BP diagnosis, this assay offers a
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Fig. 3. ELISA reactivity to BP180 and BP230 epitopes in 47 immune checkpoint inhibitor-associated bullous pemphigoid (ICI-BP)
patients. Scatter plot representations of IgG reactivity to: (a) BP180-NC16A and BP230 in commercial MBL tests; (b) BP180 ectodomain (ECD-
BP180); (c) midportion epitope of BP180 (E-1080); (d) COOH-terminal epitope of BP180 (E-1331). Red dots represent the 7 patients whose results
for both BP180-NC16A and BP230 were negative. Green dots represent 1 patient who was negative for BP180-NC16A and positive for BP230. The

dotted lines represent the cut-offs of the assays.

sensitive, less invasive and time-efficient alternative,
particularly useful in fragile patients such as those
with ICI-BP.

DISCUSSION

Managing ICI-BP is clinically challenging, requiring
a comprehensive approach that addresses both the
control of autoimmune disease and the continuation of
oncological therapy. In this context, reducing diagnostic
delay is therefore crucial, as a timely diagnosis of BP
and prompt treatment initiation can improve patient
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outcomes and enable prompt resumption or prevent the
interruption of immunotherapy.

In the present study, the immunological
characterization of ICI-BP provides a foundation
for enhancing current diagnostic methodologies and
reducing delays in its diagnosis.

Consistent with previous studies (4, 15, 19, 20),
our ICI-BP patients were mainly elderly males. While
the age distribution aligns with the typical onset of
BP (21), the observed male predominance may reflect
the higher incidence in males of certain malignancies
commonly treated with ICIs (22, 23). Most patients
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were treated for lung cancer (n=18, 34.0%), followed by
melanoma (n=16, 30.2%) and renal/urothelial cancers
(n=10, 18.9%). However, due to the design of this
study, the prevalence of different tumour types does not
indicate higher risk of BP development.

Consistent with data reported in an Italian population,
ICI-BP was significantly linked to the HLA allele
DQB1*03:01, indicating a predisposition profile
comparable to that observed in IBP (8). Similarly,
alleles DRB1*11:04 and DQA1*05:01P are also
associated with BP onset. Notably, the rare allele
HLA-A*31:01 showed a significant association with
ICI-BP compared to HD, suggesting a role for MHC
class I molecules in the occurrence of anti-BP180
immune response in at least a subset of patients. In
fact, in these cases, autoimmunity targeting BP180
may originate from a cytotoxic T lymphocyte-mediated
reaction induced by immunotherapy, potentially
involving specific MHC class I alleles, such as HLA-
A*31:01. Given these findings, BP onset in ICI-treated
patients has a multifactorial aetiology that likely
includes ageing and HLA genotype.

To the best of our knowledge, this is the largest
cohort of ICI-BP patients immunologically and
genetically characterized to date. Regarding BP180-
NCI16A reactivity, consistent with a recent investigation
(15) reporting that 9/11 ICI-BP patients were positive
by ELISA, we found reactivity in 41/50 patients in our
cohort. However, we observed a distinct immunological
profile compared with both IBP and GABP. IgG
reactivity to BP180-NC16A is similar to IBP, but differs
from GABP, where reactivity is typically reduced (12),
highlighting mechanistic differences in BP induction
between GABP and ICI-BP. Both subgroups exhibited
IgG reactivity against additional BP180 epitopes, with
a tendency toward higher reactivity than IBP. Notably,
ICI-BP patients recognize the COOH-terminal region
of BP180 more frequently than IBP and GABP, a
finding that may reflect the underlying pathogenic
mechanism. The immune-stimulatory activity of ICIs
could promote recognition of tumour-expressed BP180
(24-26), subsequently leading to immune recognition of
the antigen in the skin and resulting in dermo-epidermal
separation. The most exposed BP180 portion in tumour
tissue is likely the extracellular COOH-terminal domain,
especially if the tumour cells lose contact with their
molecular counterpart on the basement membrane.
Consequently, it is plausible that the immune system
more readily targets the COOH-terminal region,
facilitating autoAb production and BP development. In
this context, a longer latency period before BP onset
is associated with prolonged ICIs stimulation, leading
to higher serum autoAb concentrations against BP180-
NC16A, ECD-BP180, and E-1331. Longer delays in
BP onset were associated with an increased IgG
reactivity to BP180-NC16A and not to other epitopes,
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potentially indicating an epitope spreading phenomenon
from other BP180 epitopes to the immunodominant
one during treatment. Consistently, no significant
differences in reactivity to E-1080 and E-1331 were
found between NC16A-positive and negative patients,
although reactivity to E-1080 seemed to be higher in
NC16A-negative patients. In line with our observations,
a recently reported patient showed reactivity against the
BP180 COOH-terminal domain at the initiation of ICI
therapy, which subsequently spread to NC16A during
BP development (27). These data potentially indicate
an epitope spreading phenomenon from other BP180
epitopes to the immunodominant one during treatment.

Conversely, IgG reactivity toward BP230 was
markedly reduced in ICI-BP compared to IBP,
consistent with observations in GABP. This may be
attributable to the shorter disease duration at diagnosis
due to the close clinical monitoring of these patients
which limits the occurrence of intermolecular epitope
spreading phenomena that typically underpin reactivity
to BP230 (12, 28).

Regarding IgE responses, ICI-BP patients exhibited
significantly higher reactivity and titres against BP180-
NC16A compared to IBP. IgE is a central mediator of
allergic responses, promoting mast cell and basophil
degranulation through crosslinking of IgE molecules
bound to high-affinity FceRI receptors. Enhanced IgE
responses have been associated with ICI therapy (29),
and pruritus, one of the most frequently reported
cutaneous irAEs in IClI-treated patients, may represent
a clinical manifestation of this effect (30). Our findings
support the use of omalizumab, an anti-IgE monoclonal
antibody already employed to mitigate ICl-related
pruritus (31) as a therapeutic option for managing BP
in this vulnerable patient population (32, 33). In this
context, IgE reactivity against BP180 could serve as a
biomarker of favourable therapeutic response. Like IgE,
IgA showed increased reactivity against BP180-NC16A
in ICI-BP patients compared with IBP, but mucosal
involvement was similar despite the well-established
IgA’s role in mucosal immunity (1).

While oncologic patients experiencing cutaneous
irAEs such as vitiligo often have favourable outcomes
(34), data on BP prognosis remain conflicting
and incomplete (7, 35-37). This may reflect that,
unlike vitiligo, BP onset is frequently followed by
discontinuation of oncologic therapy, a factor associated
with worse prognosis. In the present study, as in other
real-world settings (15, 38—40), most patients (73%)
discontinued oncologic treatment after BP onset.

With a median 49 week time to diagnosis and 41
week time to symptom onset, a diagnostic delay of
approximately 2 months can be inferred: although
relatively short, it can be particularly detrimental in this
vulnerable patient population. A recent study found that
in ICI-treated patients BP developed with significantly
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longer latencies than other irAEs (15). However,
pruritus is a characteristic prodromal symptom of BP
and one of the most common cutaneous irAEs observed
in ICl-treated patients (30). This confounding factor
may delay diagnosis, despite close clinical monitoring.
Therefore, reducing diagnostic delay is crucial for
improving clinical outcomes and potentially avoid ICI
discontinuation.

The strengths of this study include the large
number of patients analysed and the use of in-
house ELISA assays specifically designed for epitope
profiling. Limitations include potential selection bias,
the inclusion of patients who had initiated BP
treatment, and incomplete clinical data regarding
disease phenotype and severity.

In conclusion, our findings indicate that ICI-
BP patients exhibit a specific humoral response
characterized by increased reactivity to non-NCI16A
epitopes, particularly the COOH-terminal region. Thus,
while DIF remains the gold standard for BP diagnosis,
BP180 and BP230 ELISAs provide a faster supportive
diagnostic method. In a subset of patients (8/47, 17%)
negative by commercial BP180 ELISA, an in-house
ELISA based on ECD-BP180 yielded positive results,
increasing diagnostic sensitivity from 83% to 100%.
These findings may help reduce diagnostic delays,
enabling timely and appropriate disease management
and ultimately contributing to early resumption or
prevention of premature discontinuation of cancer
treatment.
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