American Journal of Clinical Dermatology (2025) 26:457-470
https://doi.org/10.1007/540257-025-00925-z

ORIGINAL RESEARCH ARTICLE q

Check for
updates

Clinical Outcomes and Prognostic Factors in Bullous Pemphigoid
Patients: A 15-Year Review in China

Shan Cao'? - Wenchao Li'? - Zhenzhen Wang' - Hongda Li'2 - Pengcheng Huai'2 - Tongsheng Chu'2 .
Baoqi Yang'? - Yonghu Sun’-2 - Peiye Xing'2 - Guizhi Zhou' - Yongxia Liu' - Shengli Chen'2 - Qing Yang'2-
Mei Wu'2 - Zhongxiang Shi' - Hong Liu"?3 . Furen Zhang' %3

Accepted: 20 January 2025 / Published online: 10 March 2025
© The Author(s) 2025

Abstract

Background There are limited data on clinical outcomes and prognosis factors for bullous pemphigoid (BP) at long-term
follow-up.

Objective We aimed to investigate the clinical outcomes and prognostic factors in BP patients.

Methods This retrospective study was performed between January 1, 2009 and December 31, 2023 in Shandong Province,
China. The primary outcomes were the rates and predictive factors of mortality, complete remission off-therapy (CROT),
and relapse by Cox proportional hazards models or logistic regression analyses. Nomograms for BP mortality and CROT
were also described.

Results Of the 1063 BP patients enrolled, 45 were excluded due to loss to follow-up. The cohort comprised 1018 BP patients
to analyze. A total of 344 (33.8%) patients died, with cumulative 1-, 3-, and 5-year mortality rates of 22.8%, 31.2%, and
34.5%, respectively. Increased age at onset (HR = 1.08), body surface area (BSA) involvement 10-30%, BSA involvement
> 30% (HR = 7.19; HR = 9.84, respectively), double-positive IgG and C3 on DIF (HR = 1.37), and systemic corticos-
teroid in combination with immunosuppressants treatments (HR = 0.50) were associated with mortality. A total of 321
(31.5%) patients achieved CROT. Cumulative CROT rates at 1, 3, and 5 years were 10.9%, 32.9%, and 47.5%, respectively.
Shorter diagnosis delay time (HR = 1.01), baseline anti-BP180 antibody < 50 IU/mL (HR = 1.48) and systemic drugs other
than corticosteroid treatment (HR = 1.68) were associated with CROT. Predictive models demonstrated outstanding perfor-
mance in classifying mortality at 1, 3, and 5 years (AUCs 0.83, 0.86, 0.88), but moderate classification for CROT (AUCs
0.67, 0.62, 0.63). A total of 749 (73.6%) patients experienced relapses.

Conclusions This study, the first large cohort to examine long-term outcomes in BP patients, identifies risk factors for mor-
tality and CROT, offering key insights for clinicians to improve prognosis and reduce relapse rates.

1 Introduction

Bullous pemphigoid (BP) stands as the most prevalent form
of autoimmune bullous disease (AIBD) globally, targeting
the antigens BP180ONC16A and/or BP230. It falls within the
pemphigoid group and clinically manifests as tense blisters
and erosions on the skin or mucous membranes near the skin
surface [1-3]. The global incidence of BP is around 0.0419
per 1000 person-years, with a clinic-based prevalence aver-
aging approximately 0.79% [4]. With the increasing aver-
age life expectancy (LE) worldwide, BP's incidence and
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prevalence are notably rising [2, 5-7], posing a significant
burden on healthcare systems.

BP typically onsets in the late 70s, necessitating long-
term treatment with corticosteroid and/or immunosuppres-
sants (IS) or other advanced treatment regimens with vary-
ing therapeutic effects [8, 9]. Hence, managing BP in the
long term is challenging. Clinical practice suggests that most
BP patients are treated for many years [10, 11]. Moreover,
as it primarily affecting older individuals, BP is marked by
a poor prognosis, owing to its high mortality rate ranging
from 20.6% to 63.1% [7, 12, 13], and its tendency to relapse
[14, 15]. Enhancing the management of BP requires under-
standing prognostic factors and clinical regression statistics
to identify patients at high risk of disease progression and
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Our 15-year cohort study identified clinical outcomes of
mortality, complete remission off-therapy (CROT), and
relapse in a large cohort (1018 patients) in the referral
center (Dermatopathology Center in Shandong province)
in China.

The cumulative mortality rates at 1, 3, and 5 years were
22.8%, 31.2%, and 34.5%, respectively. Predictors of
mortality included age at onset, extent of body surface
area involvement, deposition of IgG and C3 detected
via direct immunofluorescence (DIF), and the treatment
regimen.

The cumulative rates of CROT at 1, 3, and 5 years were
10.9%, 32.9%, and 47.5%, respectively. Predictors of
CROT included delay in diagnosis, baseline levels of
anti-BP180 antibodies (with a cutoff value of 50 IU/
mL), and the treatment regimen. Additionally, 73.6% of
patients with BP experienced relapses. Predictive mod-
els, nomograms for CROT and mortality outcomes, and
risk factors for relapse were also identified.

its associated outcomes. However, few studies have reported
the clinical outcomes of the entire disease post-treatment.
Previous literature has predominantly focused on mortality,
risk factors of mortality, or treatment analyses, with results
varying by geographical region of BP [10, 12, 16-22]. Data
on other clinical outcomes, such as rates of complete remis-
sion off-therapy (CROT), complete remission on minimal
therapy, and relapse, remain unclarified.

Herein, we conducted a comprehensive and systematic
analysis of clinical outcomes and prognostic factors of 1018
BP patients, extensively examining associated risk factors.
The study's findings can directly inform clinical practice by
providing clinicians with evidence-based guidance on man-
aging and following up with BP patients. The development
of predictive models, such as the nomograms for mortality
and CROT, offer practical tools for risk assessment and deci-
sion making in clinical settings.
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2 Methods
2.1 Study Design and Participants

This was a retrospective, observational, non-interventional
study of BP patients. Eligible patients were diagnosed at the
Hospital for Skin Diseases in Shandong Province (Shan-
dong Provincial Institute of Dermatology and Venereol-
ogy). This hospital serves as a referral alliance center for
dermatology in Shandong province, catering to a popula-
tion of 100 million in China. Patients with suspected AIBD
are referred center for immunopathology confirmation. This
cohort included all BP patients from January 1, 2009, until
December 31, 2023. All patients in this study presented with
characteristic clinical features of BP, including pruritus and
predominantly tense blisters or non-bullous skin manifes-
tations, along with histopathological findings consistent
with the disease. The diagnosis was confirmed by positive
direct immunofluorescence (DIF) results showing linear
or n-serrated linear deposits of immunoglobulin G (IgG)
and/or complement component 3 (C3) along the epidermal
basement membrane zone, in conjunction with at least one
positive serologic test of indirect immunofluorescence (IIF)
or enzyme-linked immunosorbent assay (ELISA) examina-
tions [23]. This study received approval from the Institu-
tional Review Board at the Shandong Provincial Institute
of Dermatology and Venereology (No. 20221223KYK-
TKSO001). The findings are reported based on Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

After obtaining informed consent, trained physicians
extracted clinical data from medical records using a stand-
ardized format. Follow-ups were conducted during outpatient
visits via a standardized questionnaire and, for those unable
to attend in person, through telephone interviews using the
same questionnaire, covering the full treatment period. Data
encompassed baseline demographics, clinical characteristics,
laboratory examinations, therapeutic regimens, and follow-
up clinical outcomes. Variables retrieved from the medical
records included gender, age at onset, delay time of diagnosis
(the interval between onset and diagnosis), medical history,
associated comorbidities, body surface area (BSA) involve-
ment (categorized as <10%, 10-30%, and > 30%, defined
as mild, moderate, and severe, respectively) [24], mucosal
involvement, DIF of C3, IgG, immunoglobulin M (IgM),
immunoglobulin A (IgA) antibodies, IIF of IgG antibody,
levels of circulating autoantibodies against anti-BP180 and
anti-BP230 by ELISA (positive was defined as > 20 IU/mL).
Therapeutic regimens prior to disease outcome consisted
of systemic drugs other than corticosteroids (tetracyclines
or minocycline with niacinamide), systemic corticosteroid
monotherapy (typically initiated at a dose of 0.5-1 mg/kg/
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day, with adjustments made based on the patient’s response),
and systemic corticosteroids in combination with immuno-
suppressive drugs. Patients used topical steroids as focal
treatments. All patients were followed up until occurrence of
CROT events or mortality, the end of follow-up time, or loss
follow-up. For patients with regular follow-ups at our hos-
pital, all baseline, clinical, and outcome data were obtained
from the Hospital Information System. For those who sought
follow-up care elsewhere, baseline and clinical data were
retrieved from our system, while outcome data were collected
via standardized questionnaires during scheduled visits or
through active outreach efforts.

2.2 Outcomes

One significant outcome was mortality rate, defined as the
percentage of patients who died at 1-, 3- and 5-year time-
points from the initial BP diagnosis.

Other significant outcomes examined [25], included
CROT and non-CROT categories with complete remission
on minimal therapy, partial remission on minimal therapy,
partial remission off therapy, and relapse [26]. CROT was
characterized by the absence of new or established lesions
while the patient was off all BP therapy for at least 2 months
[25]. Relapse rates and CROT were calculated for 1, 3, and
5 years. Time of CROT was defined by the interval between
the date of initial BP diagnosis and the date of CROT. Addi-
tionally, patients who died were assessed based on whether
they achieved CROT before mortality. Moreover, complete
remission on minimal therapy referred to patients receiving
prednisone (or equivalent) at < 0.1 mg/kg/day and/or mini-
mal adjuvant therapy for more than 2 months [24]. Partial
remission on minimal therapy is the presence of transient
new lesions that heal without scarring within 1 week while
the patient is receiving minimal therapy for more than 2
months. Partial remission off-therapy was characterized by
new lesions that heal within 1 week and off all BP therapy
for more than 2 months [25].

Relapse was defined as the appearance over 3 new lesions
within one month, which did not heal spontaneously within
1 week or as the extension of established lesions in patients
who had previously achieved disease control [25].

2.3 Statistical Analysis

The categorical variables presented as frequency (percent-
age), and continuous variables as mean (standard deviation
[SD]) or median (range). The median follow-up time was
estimated with the reverse Kaplan-Meier method. Survival
curves were estimated by the Kaplan-Meier method. Univar-
iate and multivariate Cox regression was used to search for
potential variables and CROT or mortality. Identified factors
in univariate analysis and the important clinical variables

were used to discover independent predicting factors in mul-
tivariate analysis. The results of Cox analyses are expressed
as a hazard ratio (HR) and 95% confidence interval (95%
CI). Besides, we developed a nomogram with the significant
variable in the multivariate cox analyses to predict patients’
1-, 3-, and 5-year CROT and survival probability after BP
diagnosis. The cutoff values for anti-BP180 and anti-BP230
antibody related to CROT or mortality were determined by
X-tile software [27]. The nomogram’s reliability and accu-
racy were assessed via the concordance index (C-index),
area under the time-dependent receiver operating character-
istic curve (AUC) by 5-fold cross-validation. The associa-
tion between relative factors and BP relapse was estimated
through logistic regression analyses.

Statistical analyses were conducted using RStudio, ver-
sion 4.3.2 (R Foundation for Statistical Computing) with
the ‘survival,” ‘survminer’, ‘foreign’, ‘timeROC’, ‘rms’,
‘riskRegression’, and ‘caret’ packages. In all analyses, the
level of significance was set at a 2-sided p < 0.05. We used
the pairwise.t.test function and pairwise Nominal Independ-
ence function with Bonferroni correction method in R soft-
ware for multiple comparisons. The flow diagram of study
design is shown in Fig. 1.

3 Results
3.1 Characteristics of Study Population

Of the 1063 BP patient, 45 were excluded due to loss to
follow-up. Consequently, the study cohort comprised 1018
BP patients, consisting of 589 (57.9%) males and 429
(42.1%) females, all of Chinese nationality. The mean age
at BP onset was 69.7 years. The mean delay from onset of
skin symptoms to diagnosis was 7.3 months. Comorbidi-
ties were present in 821 (80.6%) patients, with hypertension
being the most common (496, 48.7%), followed by neuro-
logical diseases (175, 17.2%). Regarding disease severity,
462 (45.4%), 223 (21.9%), and 333 (32.7%) patients had
mild BSA involvement (<10%), moderate BSA involvement
(10-30%), and severe BSA involvement (> 30%), respec-
tively. Mucosal involvement was observed in 260 (25.5%)
patients with BP.

All patients tested positive for IgG and/or C3 antibodies
by DIF. Of these, 35.6% showed double positivity for IgG
and C3, while 64.4% showed single positivity. Addition-
ally, IgM positivity was observed in only 23.8% of patients,
double positivity for IgM and IgA in 5.1%, and positive IgA
in only 1.0%, with the remaining 70.1% negative for IgM
and IgA. A total of 78.2% (577/738) patients were 1gG-
positive by IIF with median IgG titers of 40.0 (0-2560.0).
Additionally, 77.4% (652/842) patients were positive by
anti-BP180 antibody and 37.3% (314/842) patients were
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Mortality model
The sample of Cohort: 1018 patients
Follow-up period: 51.48(1-178) months

Inclusion procedure of BP
patients

33.8% (344/1018) BP patients died

8 features with P value <0.05 in
univariate analyses:Age at onset,
Delayed diagnosis time, Mucosal
involvement, Baseline comorbidities,
BSA involvement, IIF, ELISA -anti-
BP180, anti-BP230, Treatment regimens

DIF

predict the mortality probability by the nomogram

Risk factor selection and
nomogram development

Increasing age at onset,

DIF, Systemic corticosteroid with IS therapy

| Concordance
C-index

Model
validation

Fig.1 The flow chart of study design

positive by anti-BP230 antibody; the median anti-BP180
antibody and anti-BP230 antibody were 191.8 (0-246.0)
and 2.0 (0-209.9). Therapeutic regimens included systemic
corticosteroid with IS treatments (492, 48.3%), systemic
corticosteroid monotherapy (335, 32.9%), and systemic
drugs other than corticosteroid therapy (191, 18.8%). The IS
medications consisted of cyclophosphamide (372, 75.6%),
mycophenolate mofetil (83, 16.9%), methotrexate (26,
5.3%), cyclosporine (6, 1.2%), and azathioprine (5, 1.0%).
Further details of clinical characteristics at baseline are pro-
vided in Table 1.

3.2 Mortality Analysis

With a median (range) follow-up period of 51.48 (1-178)
months, 344 (33.8%) patients with BP had passed away and
674 (66.2%) had survived. The 1-, 3-, and 5-year mortality
rates were 22.8%, 31.2%, and 34.5%, respectively (Fig. 2a).
Of the patients who died, 123 (35.8%) died of known dis-
eases including cardiovascular diseases (43, 35.0%), neu-
rological diseases (32, 26.0%), COVID-19 infection (19,
15.4%), cancer (15, 12.2%), renal failure (13, 10.6%), and
accidents (1, 0.8%). Among 32 patients who died of neu-
rological diseases, including stroke (27 cases), cerebral
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1 feature with
clinical significance:

4 features with P value <0.05 in multivariate analyses to

210% BSA involvement, Double-positive IgG and C3 in

1063 patients with bullous pemphigoid in the the Hospital for Skin Diseases in Shandong
Province from January 1, 2009 to December 31, 2023

45 patients without follow-up information

The sample of Cohort:1018 patients
Follow-up period: 36.03(1-178) months

31.5% (321/1018) BP patients achieved CROT

|
|
I
|
|
CROT model I
|
|
|
|

5 features with P value < 0.05
in univariate analyses:
Baseline comorbidities, BSA
involvement, ITF, ELISA-anti-
BP180, Treatment regimens

3 features with clinical
significance:age at onset,
delayed diagnosis time,
DIF

3 features with P value < 0.05 in multivariate analyses to
predict the CROT probability by the nomogram

Shorter delayed diagnosis time,
ELISA-anti-BP180 <50 UI/mL,
Systemic drugs other than corticosteroid treatment

Discrimination |
ROC curve and AUC |

hemorrhage (4 cases), and Parkinson’s disease (1 case).
Among the three treatment groups, mortality rates were
highest in the systemic drugs other than corticosteroid group
(40.8%), followed by the systemic corticosteroid group
(34.6%) and the systemic corticosteroid combined with IS
therapy group (30.5%) (Supplementary Table S1).

After both the univariate and multivariate Cox regression
analyses, we identified three significant factors increasing
mortality with increasing age at onset (HR = 1.08; 95%CI
1.06-1.10; p < 0.0001), > 10% BSA involvement (10-30%,
HR = 7.19; 95%CI 4.35-11.86; p < 0.0001; > 30%, HR
= 9.84; 95%CI 6.30-15.40; p < 0.0001), and double-posi-
tive for IgG and C3 antibodies on DIF (HR = 1.37; 95%CI
1.0-1.87; p = 0.049). Notably, systemic corticosteroid
in combination with IS treatments (HR = 0.50; 95%CI
0.33-0.75; p = 0.00080) significantly decreased the risk of
mortality compared to systemic drugs other than corticos-
teroid group (Table 2).

A predictive model for mortality was formulated, utiliz-
ing these significant risk factors, including age at onset, BSA
involvement, positive antibodies on DIF, and treatment regi-
mens. This model demonstrates excellent predictive abili-
ties for 1-, 3-, and 5-year mortality rates, with AUC values
(0.83, 0.86, and 0.88, respectively) (Fig. 2b). The C-index of
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Table 1 Baseline demographics and clinical characteristics of 1018
patients with bullous pemphigoid

Characteristic Patients, no. (%)
Age at onset, mean + SD, y 69.7 +13.8
Sex
Male 589 (57.9)
Female 429 (42.1)
Diagnosis delay time, mean + SD, m 7.3+ 15.0
Associated comorbidities 821/1018 (80.6)
Hypertension 496/1018 (48.7)
Neurological diseases 175/1018 (17.2)
Diabetes 170/1018 (16.7)
CVD 166/1018 (16.3)
Tumors 63/1018 (6.2)

BSA involvement®

Mild (< 10%) 462/1018 (45.4)
Moderate (10-30%) 223/1018 (21.9)
Severe (> 30%) 333/1018 (32.7)

Mucosal involvement 260/1018 (25.5)

DIF®
IgG or C3 antibodies
IgG* and C3* 362/1018 (35.6)
IgG* or C3* 656/1018 (64.4)
IgM or IgA antibodies®
IgM* and/or IgA* 304/1018 (29.9)
IgM™ and IgA™ 714/1018 (70.1)
IF¢ 577/738 (78.2)
Positive ELISA antibody
Anti-BP180 antibody 652/842 (77.4)
Anti-BP230 antibody 314/842 (37.3)

Treatment regimens®
Systemic drugs other than corticosteroid 191/1018 (18.8)
335/1018 (32.9)

492/1018 (48.3)

Systemic corticosteroid monotherapy
Systemic corticosteroid with IS

BSA body surface area, CVD cardiovascular disease, C3 complement
component 3, DIF direct immunofluorescence, ELISA enzyme linked
immunosorbent assay, /gA immunoglobulin A, /gG immunoglobu-
lin G, IgM immunoglobulin M, //F indirect immunofluorescence, IS
immunosuppressants

# BSA involvement including three types of mild (<10%), moderate
(10-30%), severe (> 30%)

® IgG, C3, IgM and IgA antibodies with DIF

¢ Positive antibodies with for I[gM and/or IgA along with C3 and/or
IeG

4 Positive for IgG antibody titer with ITF

¢ Treatment regimens prior to disease outcome

f Tetracyclines or minocycline with niacinamide

survival predictive model is 0.81 = 0.01. For further valida-
tion, the results of a 5-fold cross-validation, including AUC
and C-index, were described in Supplementary Table S2.

Furthermore, incorporating these aforementioned signifi-
cant indicators, we have constructed a nomogram to simplify
the practical application of mortality prediction (Fig. 2c).
For instance, consider a 70-year-old patient with BP, BSA
involvement exceeding 20%, and both IgG and C3 positive
on DIF. According to the nomogram, this patient's total score
would be 95 points (70 points for age, 22.5 points for BSA
involvement, and 2.5 points for both IgG and C3 positivity
on DIF. Based on this score, the predicted one-year mortal-
ity rate with a treatment regimen of systemic corticosteroid
combined with IS would be 25%, with a projected mortality
rate of 45% by the fifth year. In comparison, if the patient
receives systemic drugs other than corticosteroid therapy,
the one-year mortality rate rises significantly to 45%, with a
long-term mortality rate of 70%. Conversely, with systemic
corticosteroid monotherapy, the one-year mortality rate is
35%, and the long-term mortality rate is 55%.

3.3 Complete Remission Off-Therapy Analysis

A total of 321 (31.5%) achieved CROT and 697 (68.5%)
patients were non-CROT. The cumulative rates of CROT
at 1, 3, and 5 years were 10.9%, 32.9%, and 47.5%, respec-
tively (Fig. 3a). The median time to achieve CROT was
66.0 months. Among non-CROT patients, 233 (22.9%)
achieved complete remission on minimal therapy, 380
(37.3%) achieved partial remission on minimal therapy, and
84 (8.3%) achieved partial remission off therapy. Among
three treatment groups, the percentages of patients achieving
CROT were 39.8% (systemic drugs other than corticoster-
oid treatment group), 31.7% (systemic corticosteroid com-
bined with IS therapy group), and 26.6% (systemic corti-
costeroid treatment group) in the Supplementary Table S1,
respectively.

Through univariate and multivariate Cox regression
analyses, patients with a shorter diagnosis delay time,
baseline anti-BP180 antibody (< 50 IU/mL) and systemic
drugs other than corticosteroid treatment had a 1.01-fold
(HR = 1.01; 95%CI 1.0-1.03; p = 0.0069), a 1.48-fold
(HR = 1.48; 95%CI 1.06-2.07; p = 0.020), and a 1.68-
fold (HR = 1.68; 95%CI 1.12-2.52; p = 0.013) chance
of achieving CROT (Table 3). This model demonstrates
medium predictive abilities for 1-, 3-, and 5-year CROT
rates, achieving AUC values of 0.67, 0.62, and 0.63,
respectively (Fig. 3b). The C-index of CROT predictive
model was 0.65 + 0.02. The 5-fold cross-validation’s AUC
and C-index were described in Supplementary Table S3.

A CROT predictive model was depicted as a nomogram
for practical application with these aforementioned signifi-
cant indicators, including diagnosis delay time, baseline
anti-BP180 antibody, and treatment regimens (Fig. 3c). For
example, consider a 65-year-old BP patient with a diagnosis
delay of less than 20 months and an anti-BP180 antibody
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Fig.2 Mortality outcome and prediction of bullous pemphigoid (BP): a Survival probability of BP; b Receiver operating characteristic curve
with survival prediction model in the 1 year (blue), 3 years (green) and 5 years (orange); ¢ The nomogram of mortality prediction

level of 100 IU/mL (> 50 IU/mL). According to the nomo-
gram, this patient's total score would be 85 points (85 points
for diagnosis delay and O point for anti-BP180 antibody lev-
els). Based on this score, the predicted one-year CROT rate
with a treatment regimen of systemic drugs other than corti-
costeroid is over 10%, with a projected CROT rate over 55%
by the fifth year. In contrast, if the patient receives systemic
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corticosteroid combined with IS therapy, the one-year CROT
rate is less than 10%, with a long-term CROT rate of 40%.
With corticosteroid monotherapy, the one-year CROT rate
is less than 10%, and the long-term CROT rate is less than
40%.
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Table 2 Multivariate Cox regression analyses of mortality factors with bullous pemphigoid
Characteristic, no. (%) Survival (n = 674) Mortality (n = 344) Univariate analyses Multivariate analyses
HR (95% CI) p-value  HR (95% CI) p-value
Age at onset, mean + SD, y 65.8 +13.8 77.5 +£10.0 1.08 (1.07-1.09) <0.0001 1.08 (1.06-1.10) <0.0001
Sex
Male 387/674 (57.4) 202/344 (58.7) 1.04 (0.84-1.29) 0.70 NA NA
Female 287/674 (42.6) 142/344 (41.3) 1 [Reference] NA NA NA
Diagnosis delay time, mean + SD, m 83+ 17.1 5.1+9.1 0.98 (0.97-0.99) 0.0019 1.0 (0.99-1.02)  0.68
Mucosal involvement
Yes 192/674 (28.5) 68/344 (19.8) 0.68 (0.52-0.88) 0.0041  0.71 (0.49-1.03) 0.075
No 482/674 (71.5) 276/344 (80.2) 1 [Reference] NA 1 [Reference] NA
Baseline comorbidities
Yes 525/674 (77.9) 296/344 (86.0) 1.66 (1.22-2.25) 0.0011 1.09 (0.66-1.78) 0.74
No 149/674 (22.1) 48/344 (14.0) 1 [Reference] NA 1 [Reference] NA
BSA involvement
Mild (<10%) 406/674 (60.2) 56/344 (16.3) 1 [Reference] NA 1 [Reference] NA
Moderate (10-30%) 119/674 (17.7) 104/344 (30.2) 4.46 (3.22-6.18) < 0.0001 7.19 (4.35-11.86) < 0.0001
Severe (> 30%) 149/674 (22.1) 184/344(53.5) 6.05 (4.48-8.16) < 0.0001 9.84 (6.30-15.40) < 0.0001
DIF*
IgG or C3 antibodies
IgG* and C3* 243/674 (36.1) 119/344(34.6) 0.99 (0.79-1.23) 0.90 1.37 (1.0-1.87)  0.049
IgG* or C3* 431/674 (63.9) 225/344(65.4) 1 [Reference] NA 1 [Reference] NA
IgM or IgA antibodies®
IgM* and/or IgA* 196/674 (29.1) 108/344(31.4) 1.01 (0.81-1.28) 0.91 1.34 (0.93-1.93) 0.12
IgM™ and IgA™ 478/674 (70.9) 236/344(68.6) 1 [Reference] NA 1 [Reference] NA
1IF¢ 40.0 (0-2560.0) 160.0 (0-2560.0) 1.27 (1.13-1.43)* < 0.0001 1.03 (0.88-1.20)¢ 0.70
ELISA antibody
Anti-BP180 antibody® 176.7 (0-231.0) 200 (0-246.0) 1.61 (1.27-2.05)° 0.00011 1.04 (0.77-1.41)° 0.79
Anti-BP230 antibody® 0 (0-209.9) 15 (0-209.9) 1.40 (1.10-1.77)" 0.0058  0.84 (0.61-1.16)" 0.30
Treatment regimens®
Systemic drugs other than 113/674 (16.8) 78/344 (22.7) 1 [Reference] NA 1 [Reference] NA
corticosteroid”
Systemic corticosteroid monotherapy 219/674 (32.5) 116/344 (33.7) 0.83 (0.62-1.11) 0.21 0.68 (0.46-1.02) 0.060
Systemic corticosteroid with IS 342/674 (50.7) 150/344 (43.6) 0.67 (0.51-0.88) 0.0037  0.50 (0.33-0.75) 0.00080

Bold indicates significant values (p < 0.05)

BSA body surface area, CI confidence interval, C3 complement component 3, DIF direct immunofluorescence, ELISA enzyme linked immuno-
sorbent assay, HR hazard ratio, /IF indirect immunofluorescence, /gA immunoglobulin A, /gG immunoglobulin G, /gM immunoglobulin M, IS
immunosuppressants, NA not applicable

*Antibodies with C3, IgG, IgM and IgA antibodies with DIF

PPositive for IgM and/or IgA along with C3 and/or IgG with DIF

“Positive for IgG antibody titer with IIF

9The unit of IIF is log,, conversion of original value in the regression model
°ELISA-anti-BP180 antibody cutoff value 200 IU/mL

fELISA-anti-BP230 antibody cutoff value 40 TU/mL

£Treatment regimens prior to disease outcome

"Tetracyclines or minocycline with niacinamide

3.4 Relapse Analysis CROT and 516 (68.9%) during non-CROT, with cumula-
tive rates at 1-, 3-, and 5-years of 21.9%, 46.6%, and 60.9%,
respectively. Most relapses were attributed to patients

adjusting their medication themselves (606, 80.9%). The

Remarkably, a total of 749 (73.6%) patients had experienced
relapses, including 233 (31.1%) patients after achieving
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Fig.3 Complete remission off-therapy regression (CROT) and pre-
diction of bullous pemphigoid (BP): a CROT probability of BP; b
Receiver operating characteristic curve with CROT prediction model

remaining factors of relapses were linked to exhaustion (65,
8.7%), trauma (3, 0.4%), and other unspecified causes (75,
10.0%).

Patients with baseline comorbidities, >10% BSA
involvement, and higher anti-BP180 antibody level had
a 1.81-fold (relative risk [RR], 1.81; 95%CI 1.09-2.96;
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in 1 year (blue), 3 years (green) and 5 years (orange); ¢ The nomo-
gram of CROT prediction

p = 0.020), 4.83-fold (10-30% BSA, RR, 4.83; 95%CI
2.17-12.90; p = 0.00042), 2.51-fold (> 30% BSA, RR,
2.51;95%CI 1.45-4.55; p = 0.0015), and 1.006-fold (RR,
1.006; 95%CI 1.003-1.009; p < 0.0001) higher likelihood
of occurring a clinical relapse, as detailed in Supplemen-
tary Table S4.
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Table 3 Multivariate Cox regression analyses of complete remission off-therapy factors associated with patients of bullous pemphigoid
Characteristic, no. (%) CROT (n =321) Non-CROT (n =697) Univariate analyses Multivariate analyses
HR (95% CI) p-value HR (95% CI) p-value

Age at onset, mean + SD, y 65.2 + 14.8 71.8 +12.8 1.01 (0.99-1.01)¢ 023  1.0(0.99-1.02)¢ 0.27
Sex

Male 188/321 (58.6)  401/697 (57.5) 1.00 (0.80-1.25)  0.98 NA NA

Female 133/321 (41.4)  296/697 (42.5) 1 [Reference] NA NA NA
Delayed diagnosis time, mean + SD, m 6.6 +12.4 8.6 +19.2 1.00 (0.99-1.01)¢  0.51 1.01 (1.0-1.03)¢  0.0069
Mucosal involvement

Yes 89/321 (27.7) 171/697 (24.5) 1 [Reference] NA NA NA

No 232/321 (72.3)  526/697 (75.5) 0.94 (0.74-1.20)  0.64 NA NA
Baseline comorbidities

Yes 235/321 (73.2)  586/697 (84.1) 1 [Reference] NA 1 [Reference] NA

No 86/321 (26.8) 111/697 (15.9) 1.42(1.11-1.82)  0.005 1.19(0.83-1.72) 0.35
BSA involvement®

Mild (< 10%) 194/321 (60.4)  268/697 (38.5) 1.36 (1.04-1.78)  0.025  1.37 (0.93-2.04) 0.12

Moderate (10-30%) 52/321 (16.2) 171/697 (24.5) 0.84 (0.59-1.19)  0.32 0.80 (0.47-1.36)  0.40
Severe (> 30%) 75/321 (23.4) 258/697 (37.0) 1 [Reference] NA 1 [Reference] NA
DIF*
IgG or C3 antibodies

IgG* and C3* 117/321 (36.4)  245/697 (35.2) 0.92 (0.73-1.16)  0.47 1.20 (0.86-1.68)  0.28

IgG*t or C3* 204/321 (63.6)  452/697 (64.8) 1 [Reference] NA 1 [Reference] NA
IgM or IgA antibodies®

IgM™* and/or IgA* 99/321 (30.8) 210/697 (30.1) 1.15 (0.90-1.46)  0.26 1.49 (0.99-2.25)  0.058

IgM™ and IgA™ 222/321 (69.2)  487/697 (69.9) 1 [Reference] NA 1 [Reference] NA

IIF* 40.0 (.0-2560.0) 40.0 (0-2560.0) 1.18 (1.05-1.32)%¢ 0.0071 1.12(0.97-1.29)*¢ 0.11
ELISA antibody

Anti-BP180 antibody 140.7 (0-231.0) 200 (0-246.0) 1.66 (1.28-2.15)"  0.0001 1.48 (1.06-2.07)" 0.020

Anti-BP230 antibody 0 (0-209.9) 4.37 (0-209.9) 1.23 (0.95-1.59)¢ 0.11 NA NA
Treatment regimens

Systemic drugs other than corticosteroid 76/321 (23.7) 115/697 (16.5) 1.76 (1.30-2.40)  0.0003 1.68 (1.12-2.52) 0.013

Systemic corticosteroid monotherapy 89/321 (27.7) 246/697 (35.3) 1 [Reference] NA 1 [Reference] NA

Systemic corticosteroid with IS 156/321 (48.6)  336/697 (48.2) 0.98 (0.75-1.27)  0.88 1.15(0.81-1.63) 0.45

Bold indicates significant values (p < 0.05)

BSA body surface area, CI confidence interval, CROT complete remission off-therapy, C3 complement component 3, DIF direct immunofluo-
rescence, ELISA enzyme linked immunosorbent assay, HR hazard ratio, /gA immunoglobulin A, /gG immunoglobulin G, IgM immunoglobulin
M, IIF indirect immunofluorescence, IS immunosuppressants, NA not applicable, Non-CROT including CR on minimal therapy, partial remis-
sion (PR) on minimal therapy, and PR off therapy subgroups
* Antibodies with C3, IgG, IgM and IgA antibodies with DIF

® Positive for IgM and/or IgA along with C3 and/or IgG with DIF

¢ Positive for IgG antibody titer with IIF

4 The reference is the older age or the longer delay diagnosis time or the larger IIF titer

¢ The unit of IIF is log,, conversion of original value in the regression model
f ELISA-anti-BP180 antibody cutoff value 50 TU/mL
¢ ELISA-anti-BP230 antibody cutoff value 40 IU/mL

" Treatment regimens prior to disease outcome

! Tetracyclines or minocycline with niacinamide
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3.5 Side Effects

In our cohort, 573 (56.3%) experienced side effects which
need to be treated. The most common side effects were
hypertension (207, 36.1%), hyperlipidemia (204, 35.6%),
elevated blood glucose (183, 31.9%), leukopenia (150,
26.2%) and neutropenia (143, 25.0%). A particularly con-
cerning side effect was severe femoral head avascular bone
necrosis, which was found in 13.3% of BP patients.

4 Discussion

We conducted a large retrospective cohort study involv-
ing 1018 BP patients over a 15-year period to identify
prognostic factors and develop predictive models, includ-
ing nomograms, for CROT and mortality outcomes, as well
as risk factors for relapse. Our study offers valuable insights
into the long-term management of BP, aiding clinicians in
promptly devising targeted interventions and optimal treat-
ments based on predictive outcomes.

The mortality of BP remains a significant clinical con-
cern. As BP predominantly affects the elderly population,
it is difficult to distinguish between BP-related mortality
and all-cause mortality. However, a large cohort study, con-
sisting of 2639 BP patients and 10463 matched controls,
reported that the 1-year mortality rate for individuals with
BP was nearly triple that of disease-free individuals (20.36%
compared to 7.03%) [2], indicating that BP significantly
increases mortality rates in the affected population. Several
retrospective studies have reported the 1-year mortality rate
of BP in different populations, ranging from 3.2% to 38.0%.
Furthermore, a meta-analysis study reported that the pooled
estimate of 1-year mortality rate among BP patients stands
at 23.5% worldwide (Supplementary Table S5) [6, 7, 12,
16-18, 20-22, 27-38]. In our cohort, we observed a 1-year
mortality rate of 22.8% in BP patients, consistent with previ-
ous studies [16, 17, 20]. It is notable that the lowest 1-year
mortality rate (3.2%, 3.7%) was seen in a follow-up of BP
patients from Italy and China [12, 22]. The reason for this
low mortality rate was that only outpatients, with had fewer
comorbidities, were included in the results [12, 22]. Our
study primarily included hospitalized patients, with 80.6%
having comorbidities at baseline. Additionally, 32.7% of
BP patients had > 30% BSA involvement. Additionally, the
mean age of our cohort (69.7 years) is younger than that
reported in US and European studies (74.0-81.0 years) [16,
30, 35, 39], reflecting potential regional differences in dis-
ease presentation. While our mortality rate aligns with stud-
ies reporting 19.2-25.0% mortality [16, 30, 35, 39], lower
rates in other cohorts, such as Bardazzi et al (3.2%) and Gual
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et al (12.9%), likely reflect differences in inclusion criteria,
and sample size [12, 34, 40].

Age, baseline comorbidities (multi-morbidities, demen-
tia, Parkinson’s disease), and disease severity, anti-BP180
antibody, treatment regimens were related to BP mortality in
previous studies [12, 16-18, 30]. Our cohort of BP patients
included older age of onset, > 10% BSA involvement with
increased mortality. Interestingly, patients with double-pos-
itive IgG and C3 on DIF were first reported to have a higher
risk of mortality compared to single-positive staining for
either marker. Although IgM and/or IgA deposition was not
significantly associated with mortality, we provided a com-
prehensive analysis of IgM and IgA deposition patterns in
BP, contributing to a broader understanding of BP-related
DIF profiles. We further evaluated the impact of the three
treatment regimens on patient mortality and observed that a
significant difference in mortality was found only between
the corticosteroid with IS therapy group and the systemic
drugs other than corticosteroid group (30.5% vs 40.8%, p
= 0.0008). The lower mortality observed in patients treated
with corticosteroids combined with IS agents may be attrib-
uted to the enhanced therapeutic efficacy of this regimen.
This combination disrupts DNA replication, induces cell
death, suppresses lymphocyte proliferation, and reduces the
production of pathogenic autoantibodies, thereby effectively
managing BP [41, 42]. Consistent with previous studies, IS
use was associated with a significant reduction in BP-related
mortality, particularly in patients aged <70 years [43]. While
tetracyclines, minocycline and niacinamide demonstrated
anti-inflammatory and immune-modulating effects [42,
44-46], their mechanisms are less comprehensive and potent
compared to corticosteroids with IS. Delayed diagnosis of
BP remains a clinical challenge, with reported diagnostic
delays ranging from 6.1 to 15.91 months across different
cohorts, and up to 22.7 months for non-bullous pemphigoid
(NBP) [47-49]. In our study, the average diagnostic delay for
BP was 7.3 months, not associated with increased mortality.
The reasons for delayed diagnosis, particularly in mild cases,
are primarily attributed to patients postponing medical con-
sultation due to the mild nature of their condition or misdi-
agnosis during initial evaluations. These findings underscore
the importance of enhanced health education and increased
clinical awareness to recognize atypical presentations of BP
earlier, thereby minimizing diagnostic delays.

Furthermore, we constructed a risk prediction model for
BP mortality using these risk factors and also developed a
nomogram using mortality risk factors to guide clinical prac-
tice. However, since BP is more prevalent among the elderly,
it is important to consider the influence of current LE when
interpreting the nomogram results. The average LE in China
is 78.6 years [50], and the disability-adjusted life year for BP
is approximately 7.1 years [S1]. This suggests that when the
onset age of BP is <71.5 years, the nomogram may offer a
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more accurate mortality estimate. The nomogram aids clini-
cians in the early evaluation of a BP patient's risk enabling
the optimization of management strategies.

Most patients with BP require long-term treatment with
corticosteroids, necessitating ongoing management. There-
fore, it is crucial to obtain accurate information on the tim-
ing and achievement of CROT during prolonged treatment,
which is essential for the effective management of BP. How-
ever, data on this subject were limited and often derived
from small sample sizes. A single-center study involving
23 BP patients found that only 2 patients achieved CROT
after one year of follow-up [52]. Another recent study of 100
BP patients treated with omalizumab reported that 11.7% of
patients achieved CROT, with 57.1% in complete remission
on minimal therapy [53]. In our cohort, 10.9% and 47.5%
of BP patients achieved CROT within the 1-year and 5-year
timeframe, respectively.

Significantly, we identified several meaningful indicators
associated with achieving CROT. With particular emphasis
on the role of shorter diagnosis time as a partial remission
off therapy predicted factor for assessing the likelihood of
CROT. We found no association between mucosal involve-
ment and CROT, consistent with previous studies [54],
although the BP tends to be more difficult to control in
patients with mucosal involvement [55, 56]. The observed
result may be attributed to the comparatively low proportion
of patients exhibiting mucosal involvement (25.5%). Addi-
tionally, a level of baseline anti-BP180 antibody < 50 TU/
mL was also associated with higher likelihood of achieving
CROT. Systemic drugs other than the corticosteroid therapy
group had a higher CROT rate, which was related to the
milder disease severity compared to the other two treatment
groups (Supplementary Table S1). Our results also illus-
trated that even after 5 years, 52.5% of BP patients cannot
achieve CROT, indicating an unmet need for BP treatment.
Overall, these insights underscore the importance of consid-
ering various factors in the management of BP and highlight
the potential utility of predictive models in informing treat-
ment decisions and optimizing patient outcomes.

The propensity for relapse in BP is considered a poor
prognostic indicator [14]. Previous research has reported a
1-year relapse rate for BP ranging from 27.9% to 53.0% [14,
15]. Our findings revealed a relatively lower 1-year relapse
rate of 21.9%. Most relapses were attributed to patients self-
adjusting their medication, underscoring the importance of
health education and long-term management. Furthermore,
anti-BP180 antibody, comorbidities, and disease severity
(>10% BSA involvement) at baseline were identified as a
risk factor for relapse, consistent with previous studies [14,
56]. Remarkably, in the relapses patients, approximately
31.1% experienced recurrence after achieving CROT, indi-
cating that attention should also be paid to those individuals
free of BP. Therefore, a comprehensive guidance program

for relapse prevention and long-term management is impera-
tive and urgent.

Previous studies have revealed that adverse effects of
systemic corticosteroid and/or IS therapies commonly
include short-term side effects and long-term side effects of
femoral head avascular bone necrosis, and even mortality
[1, 22]. In our cohort, we observed all the aforementioned
adverse effects associated with BP treatment. Notably, we
observed higher rates of femoral head avascular bone necro-
sis (13.3%), which underscores the importance of vigilance
by physicians with regard to the development of femoral
head necrosis during the long-term management of BP.
It is imperative for clinicians to take proactive measures
in a timely manner, to prevent these complications from
occurring.

This study had several notable strengths and limitations.
First, it comprehensively presented the disease mortality,
CROT, and relapse rates over long-term follow-up, along
with related risk prediction factors. Notably, we constructed
predictive models for mortality and CROT for the first time
to aid clinicians in evaluating and managing BP patients over
the long term. Second, as the referral center for dermato-
pathology in Shandong Province, our hospital receives BP
patients referred from 189 hospitals across the province. The
follow-up data represents the long-term course of BP in this
province, which has a population of 100 million. This pro-
vides baseline data and guidance for the long-term chronic
management of the disease, as well as for the development
of subsequent improvement plans and strategies.

There were some limitations to consider. First, the data
were primarily sourced from hospital records and family-
reported information, which could introduce recall bias.
Second, most patients in our cohort received systemic cor-
ticosteroid and/or IS therapy, but biological treatments such
as rituximab, dupilumab, and omalizumab were not included
in the analysis of clinical outcomes. This omission was due
to the relatively short duration of use of these treatments
in the Chinese population, which did not meet the required
follow-up time for analysis.

5 Conclusions

This 15-year retrospective cohort study provides valuable
insights into the prognosis and management of BP in China.
We comprehensively identified risk factors associated with
mortality, CROT, and relapse, and systematically compared
the impact of different treatment regimens on mortality and
CROT. Our predictive models for mortality and CROT serve
as practical tools to guide individualized treatment strategies
and improve clinical outcomes, offering valuable support to
clinicians in optimizing BP management.
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40257-025-00925-z.
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