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SUMMARY

Autoimmune blistering diseases (AIBDs) are a group of rare and chronic skin and mucosal 

disorders caused by autoantibodies targeted against structural proteins of the desmosomal and 

hemidesmosomal plaques, leading to intra-epithelial and subepithelial blistering, respectively. 

The clinical presentation is heterogeneous and characterized by blisters, erosions, ulcers, 

erythema or in some cases scarring. Pemphigoid and pemphigus diseases are the two major 

subgroups within AIBDs and can be further differentiated in various subtypes, introduced 

in chapter 1. These include bullous and nonbullous pemphigoid (BP and NBP), mucous 

membrane pemphigoid (MMP), epidermolysis bullosa acquisita (EBA), linear IgA disease 

(LAD), pemphigoid gestationis and anti-p200 pemphigoid within the pemphigoid group, 

and pemphigus vulgaris (PV) and pemphigus foliaceus (PF) within the pemphigus group. 

Although clinical symptoms may overlap within these group of diseases, they differ in diagnostic 

features as well as prognosis and treatment. Management of AIBDs remains a challenging 

task. Current therapies in pemphigoid diseases vary in effectivity and are often accompanied 

by severe adverse events, whereas the introduction of rituximab led to a revolutionary step in 

the treatment of pemphigus vulgaris.

This thesis is divided into two parts. The fi rst part covers studies performed to characterize, 

diagnose and treat patients with MMP. The second part presents studies performed on the 

management of AIBDs, including the assessment of new treatment modalities in BP and NBP. 

PART 1 - Mucous membrane pemphigoid: disease characteristics, diagnosis 
and treatment
MMP is a rare and heterogenous group of pemphigoid diseases with predominant mucosal 

involvement, and with a considerable diagnostic and therapeutic delay. In chapter 2 we 

performed a large retrospective cohort study of 145 patients diagnosed with MMP between 

2002 and 2019 in a tertiary center to support early recognition of this disease. The median 

diagnostic delay was 12 months. The majority presented with involvement of the oral mucosa 

(87%), followed by the ocular mucosa (30%), genital mucosa (26%), nasal mucosa (23%) and 

pharyngeal/laryngeal mucosa (17%). In addition, skin involvement was reported in 26% of 

the cases. Interestingly, almost 42% of the patients with ocular involvement developed these 

symptoms later during the disease course, emphasizing the importance of follow-up and regular 

physical examination. Nearly all patients (95%) showed linear deposition of IgG, IgA and/or 

C3c in mucosal and/or skin biopsy for direct immunofl uorescence microscopy (DIF), whereas 

only 45% showed epidermal or dermal binding of IgG or IgA by indirect immunofl uorescence 

microscopy (IIF) on salt split-skin (SSS). Among the 145 patients, the most frequently targeted 

antigen was BP180 detected by immunoblot (56%) and ELISA (86%), in contrast to BP230 

(18% and 24%, respectively). In 12% of the patients, autoantibodies against laminine-332 

were detected by the keratinocyte footprint assay. Of note, anti-laminin 332 reactivity was 

associated with malignant neoplasms, as 35% of the patients with autoantibodies against 

anti-laminin 332 had a malignancy compared to 11% of the patients without laminin 332, 
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suggesting a potential benefit of oncological screening in these patients. The majority (77%) 

received systemic immunosuppressive or immunomodulatory therapy, mainly those with 

multisite involvement (89%), ocular involvement (98%) and pharyngeal or laryngeal involvement 

(100%). The response to immunosuppressive and immunomodulatory treatment was rather 

poor with relative high number of side-effects. This is an important issue for future research. 

Given the heterogeneity of MMP, patients may present at various medical disciplines including 

the dentist, oral surgeons, ophthalmologists, otorhinolaryngologists and gynaecologists, often 

leading to a diagnostic delay due to the rarity of the disease. Clinical characteristics of vulvar 

MMP may overlap with other diseases such as lichen sclerosus or erosive lichen planus of 

the vulva, possibly resulting in misdiagnosis. In chapter 3 we reported 14 adult and juvenile 

patients with localized vulvar MMP, with a wide clinical and immunologic variety of this disease. 

The median duration of symptoms before referral to the dermatologist was 12 months. One 

patient was previously diagnosed and treated as vulvar lichen sclerosus. The severity of the 

lesions varies within this group with 50%, mainly adults, developing structural architecture loss. 

It is not known if vaginal mucosa is frequently involved in patients with vulvar MMP, suggesting 

the importance of examination by a gynaecologist.

In chapter 4 we evaluated the diagnostic accuracy of DIF on mucosal biopsy specimens and 

immunoserology and compared several pairwise performed diagnostic tests in a large cohort 

of 787 subjects with suspected MMP in a single tertiary care center for blistering diseases. 

DIF of oral mucosal was confirmed to be the most robust diagnostic test and was positive 

in 88% of patients. Of note, comparison of sensitivity of DIF between perilesional buccal 

mucosa (89%) and normal buccal mucosa (77%) showed no significant difference, making both 

locations suitable for establishing the diagnosis of MMP. Although DIF of gingival mucosa 

was highly sensitive (100%), it is not preferable to obtain a gingival biopsy owing to the frailty 

of the tissue and the technical difficulty. As opposed to the oral mucosa, the sensitivity of 

DIF of ocular mucosa (67%) was relatively low. Interestingly, positive DIF of oral mucosa was 

reported in three patients with MMP with solitary ocular involvement. Furthermore, in 60% of 

the patients with MMP an additional DIF of skin biopsy was performed and showed a positive 

result in 74% of the cases, regardless of the presence of skin lesions. These findings support 

the performance of additional biopsies for DIF to confirm diagnosis of MMP. In the majority 

of DIF of mucosal biopsies (63%), the serration pattern was undetermined, in contrast to DIF 

of skin biopsies (36%). The serration pattern was more often observed in skin biopsies (66%) 

compared with mucosal biopsies (45%) in patients with MMP with both biopsies performed. 

Detection of IgG (84%) in DIF biopsies was most frequently reported, followed by IgA (61%) 

and C3c (61%). Contrary to DIF, serologic analyses showed lower sensitivity and therefore 

insufficient for diagnosis of MMP. 

Advances regarding diagnosis and treatment in MMP have led to an update of the guideline, 
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following up on the previous international consensus published in 2002. Chapter 5 contains 

the fi rst part of the S3 guideline on diagnosis and management of MMP, based on a systematic 

search and review of the available literature. Consensus was reached on the terminology of 

MMP, defi ning MMP with single-site involvement as monosite MMP, whereas multisite MMP 

should be applied to patients with involvement of more than one affected mucosal membrane. 

The severity of MMP depends on the affected mucosal membrane. Lesions limited to the oral 

mucosa is defi ned as mild to moderate MMP, while patients with severe MMP have additional 

affected sites such as ocular, nasopharyngeal, laryngeal, oesophageal, genital mucosae or 

skin. Although no evidence supports a phenotype association with the target autoantigens, 

contradictory evidence exists regarding the association between laminin 332 and an underlying 

malignancy. Therefore, in case of anti-laminin 332 reactivity a tumor search, in particular for 

solid tumors, may be recommended. The use of disease assessment scores as well as patient-

reported outcome measurement is recommended for clinical studies in MMP. In chapter 6, the 

second part of the S3 guideline of MMP, the diagnosis and treatment are discussed. Diagnosis 

of MMP is based on both clinical fi ndings and detection of tissue-bound and circulating anti-

basement membrane zone autoantibodies. Obtaining a perilesional biopsy of mucosa for DIF 

is recommended in all patients suspected of having MMP. A biopsy from normal mucosa or skin 

can be alternatively taken for DIF. In addition, the performance of sequential biopsies from a 

different site is recommended in case of initially negative DIF fi ndings, which may be due to 

biopsy site and/or lower number of tissue-bound autoantibodies in MMP compared to other 

AIBDs. IIF on SSS should be simultaneously performed with DIF, to detect circulating IgG or 

IgA autoantibodies. Notably, in ocular MMP, the combination of DIF and serology is negative 

in 50% of cases. Additional serological tests using immunoblot and/or ELISA to detect IgG or 

IgA reactivity against BP180, the major target antigen in MMP, should be performed in case 

of epidermal binding or a negative result of IIF on SSS. Patients with MMP should be tested 

for anti-laminin 332 reactivity when IIF on SSS reveals dermal binding, or is negative, as well 

as for anti-type VII collagen reactivity. A biopsy for histopathology does not differentiate MMP 

from other pemphigoid disorders, or between MMP subgroups, however can be useful to 

consider other differential diagnoses. Given the heterogeneity of this disease, a multidisciplinary 

approach is essential in the management of MMP. In addition to the dermatologist, newly 

diagnosed patients with MMP should be screened by an ophthalmologist, an oral medicine 

specialist if possible and an otorhinolaryngologist at baseline, and during follow-up in case 

of clinical symptoms. The choice of treatment depends on the severity of the disease. The 

fi rst-line treatment of severe MMP includes dapsone and cyclophosphamide and/or oral 

corticosteroids, followed by dapsone and rituximab as second-line treatment. In refractory 

cases, intravenous immunoglobulins and TNF-alfa inhibitors are considered as third- and 

fourth-line treatment. In case of mild to moderate MMP, topical corticosteroids or dapsone, 

methotrexate or tetracyclines are considered fi rst-line treatment, followed by a combination 

of these therapies, or azathioprine or mycophenolate mofetil, and as third-line treatment 

dapsone and rituximab.
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PART 2 - Management of autoimmune bullous diseases
In general, the management of AIBDs is based on the use of unspecific systemic 

immunosuppressive and immunomodulatory therapy with varying results in effectiveness. 

In addition, these therapies may lead to serious side-effects which can be, at least partially, 

the cause of increased morbidity and mortality, particularly in the older population. This 

contributes to the need for better and safe treatment options. For pemphigus, rituximab in 

combination with short term prednisone is recognized as the first-line therapy. Still, evidence 

regarding the optimal dose regime is lacking and different dosage regimes are used in daily 

practice, including the lymphoma protocol (375mg/m2 IV infusion once weekly for four weeks) 

and the rheumatoid arthritis protocol (two-1000mg IV infusions separated by two weeks). In 

chapter 7 we analyzed the effectiveness of rituximab using the rheumatoid arthritis protocol 

in patients with pemphigus vulgaris and pemphigus foliaceus, and compared patient groups 

with and without maintenance infusions of 500mg IV at month six (M6) and month twelve 

(M12). A total of 53 patients were treated with rituximab, of whom 25 received additional M6 

and M12 infusions. All patients achieved disease control, of whom 23% partial remission and 

77% complete remission. Overall, 57% developed a relapse within the first 3 years after the 

first infusion, with a median time of 42 weeks. Interestingly, the relapse rate was significantly 

lower in the group who received the maintenance infusions at month six and month twelve 

(40%) compared to the group without these infusions (71%), adjusted for pemphigus subtype, 

rituximab naive versus non-naive patients, disease duration before rituximab administration, and 

mean cumulative dose of prednisone. These findings suggest a beneficial effect of additional 

maintenance infusions at month 6 and month 12 in preventing relapses. 

In addition to the clinical effectiveness of rituximab, we showed in chapter 8 that rituximab 

improved the quality of life, treatment specific quality of life as well as mental health in patients 

with pemphigus. In 47 patients with pemphigus, the following patient reported outcome 

measurements (PROMs) were collected during rituximab treatment: Dermatology Life Quality 

Index (DLQI), Visual Analogue Scale (VAS) in pain, Hospital Anxiety and Depression Scale (HADS) 

and Treatment of Autoimmune Bullous Disease Quality of Life (TABQOL). Between month 0, 

month 6 and month 12, these scores decreased significantly and an improvement was seen in 

the severity categories of these PROMs. Furthermore, we evaluated the clinical response and 

improvement of quality of life in 23 patients with BP and MMP treated with rituximab. Disease 

control was achieved in 83% of the patients, and remission by 74% of the patients. During 

rituximab treatment, adjuvant immunosuppression or immunomodulators decreased from 91% 

at month 0, to 39% at month 12. Moreover, we also observed a significant improvement in 

quality of life and a decrease in treatment burden. Between month 0 and month 6 the DLQI 

score decreased significantly, as well as the TABQOL score between month 0 and month 12, 

and the HADS score between month 0 and month 6.

In search for effective and safe treatment options, we performed two clinical trials in patients 
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with BP and NBP. In chapter 9, the safety and effi cacy of nomacopan, a dual inhibitor of 

complement C5 and leukotriene B4 (LTB4), was analyzed in nine patients with BP and NBP, in a 

phase II single-arm trial. Previously, the therapeutic potential of nomacopan was demonstrated 

in the antibody transfer model of BP-like EBA, showing reduction of skin infl ammation and 

dermal epidermal cleft formation. The primary endpoint was the occurrence of grade 3-5 

severe adverse events possibly related to nomacopan. Secondary endpoints included the 

Bullous Pemphigoid Disease Area Index (BPDAI) activity score and the visual analogue scale 

(VAS) for pruritus. None of the nine patients reported serious adverse events possibly related 

to nomacopan. On day 42, the average BPDAI activity score had decreased from 32 on day 

1 to 12 points. Seven of nine patients showed a decrease in the BPDAI activity score of ≥8 

points between days 1 and 42. Furthermore, the overall VAS pruritus score declined by 7 

points from an average score of 18 points on day 1. Based on these promising results, a 

randomized, placebo-controlled phase III clinical trial investigating the effi cacy of nomacopan 

is under development.

Finally, in chapter 10, we evaluated the effi cacy and safety of apremilast, a phosphodiesterase 

type 4 (PDE4) inhibitor, in patients with BP and NBP. PDE4 functions as an intracellular enzyme 

that modulates infl ammation by degrading cyclic adenosine monophosphate (cAMP) via 

enzymatic hydrolysis, resulting in increased infl ammatory mediators. Inhibition of PDE4 elevates 

intracellular cAMP, associated with the suppression of the overactivity of immune responses 

and in the reduction of infl ammatory cytokines and chemokines. In parallel, inhibition of PDE4 

leads to the increase of anti-infl ammatory cytokines. Formerly, inhibition of PDE4 showed 

reduction of disease manifestation and progression in EBA mouse models. Therefore, we 

performed a pilot study combining apremilast with doxycycline for the fi rst six weeks, followed 

by apremilast monotherapy during ten weeks. Patients were excluded if they failed to achieve 

disease control after six weeks of apremilast and doxycycline. Eight patients were enrolled 

in this study, three patients fi nished the study and of these, two achieved partial remission 

at week 16. One patient is currently included and showed disease control at week six. One 

patient discontinued the study after one week due to adverse events consisting of nausea and 

vomiting. Three patients did not achieve disease control and were excluded at week 6. The 

median pruritus VAS score was 20 at baseline, and decreased to a median of 11 in the three 

patients who fi nished the study. Furthermore, the median BPDAI score decreased from 11 to 

6, respectively. None of the patients reported serious adverse events. Based on these results, 

apremilast effi cacy was not demonstrated in patients with active cutaneous pemphigoid.
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