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DISCUSSION AND FUTURE PERSPECTIVES

PART 1 - Mucous membrane pemphigoid: disease characteristics, diagnosis 
and treatment
The fi rst part of this thesis is focused on mucous membrane pemphigoid (MMP) in a broader 

sense, encompassing aspects regarding the defi nition and appropriate nomenclature of MMP, 

originating from the European guidelines on MMP, clinical phenotypes and the potential 

association with autoantigens. Secondly, the diagnostic test accuracy is assessed for patients 

with MMP, and current treatment modalities in MMP are discussed.

Defi nition and nomenclature of MMP

Mucous membrane pemphigoid (MMP) describes a heterogeneous group of autoimmune 

subepidermal diseases with predominant mucosal involvement, characterized by autoantibodies 

directed against various autoantigens in the epidermal basement membrane zone (EBMZ). 

The heterogeneous clinical presentation and subtypes has led to the use of different terms to 

classify this chronic group of diseases, such as cicatricial pemphigoid (CP), ocular cicatricial 

pemphigoid (OCP), benign mucous membrane pemphigoid and MMP-like epidermolysis 

bullosa acquisita. In order to establish a common nomenclature and prevent confusion for 

clinicians, the fi rst international consensus on MMP published in 2002, decided that the term 

mucous membrane pemphigoid should be used to include all patients with predominant 

affection of mucous membranes.1 Subsequently, described in Chapter 5, the guideline 

committee of the European guidelines on MMP (part I) has reached consensus about the 

appropriate terminology for patients with MMP with single and multiple mucosal involvement. 

Involvement of one mucosal site is termed ‘monosite MMP’ whereas ‘MMP with multisite 

involvement’ is used when more than one mucosal site is affected. The severity of MMP was 

defi ned according to the specifi c involvement of the mucosal areas. Mild to moderate MMP 

is associated with involvement of the oral mucosa with or without skin involvement, whereas 

severe MMP involves other affected mucosal sites, such as ocular, genital or nasopharyngeal or 

laryngeal mucosa. Autoantibodies have been shown to be predominantly directed against the 

hemidesmosomal proteins BP180, BP230, laminin 332 and type VII collagen. Although several 

studies have reported an association between antibodies against laminin 332 in patients with 

MMP and involvement of the pharynx, larynx, or trachea,2 there is no evidence that the target 

autoantibodies and immunoglobulin class profi le are associated with a distinct clinical subtype 

of MMP. Therefore, these should not be specifi ed in the terminology. One exception of such 

an association, however, is the potential increased risk for malignant neoplasm in patients with 

autoantibodies against laminin 332, discussed here.

Clinical presentation and severity of MMP

In Chapter 2, we retrospectively analyzed 145 patients diagnosed with MMP in the Center 

for Blistering Diseases in Groningen to gain more understanding in the clinical characteristics 

of this heterogeneous disease. Oral mucosal involvement (87%) was most often seen in this 

patient group, followed by the conjunctivae (30%), genital mucosa (26%), nasal mucosa (23%) 
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and pharyngeal and/or laryngeal mucosa (17%). Moreover, in almost one third of the patient 

(26%), the skin was affected. Interestingly, in a subset of patients with MMP (42%) ocular disease 

developed later during the disease course. Likewise, a retrospective cohort study of 123 patients 

with MMP reported a risk for developing ocular disease estimated at 0.05 per person-year in 

the first five years of follow-up, and the risk of any other mucosal or skin disease developing 

in patients with oral MMP 0.12 per person per year.3 Similarly, a smaller retrospective study of 

30 patients with MMP showed a calculated incidence rate of development of ocular disease 

of 0.03 per person-year in the first five years.4 By contrast, a long-term follow-up study of 29 

patients with oral MMP reported no development of other mucosal sites nor the skin during 

a mean follow-up of 6.7 years.5 Laryngeal involvement is only seen in a small proportion of 

patients with MMP, and may result in severe laryngeal obstruction. Notably, a proportion of 

MMP patients with laryngeal involvement are asymptomatic.6 

In Chapter 3 we described 14 patients with localized vulvar MMP with both adult and juvenile 

patients being affected. The purpose of this small case series was to raise awareness for this 

often-misdiagnosed disease. The clinical presentation of vulvar MMP may resemble other 

vulvar diseases such as vulvar erosive lichen planus, lichen sclerosus or in children, sexual 

abuse, leading to a diagnostic and therapeutic delay.7-9 These results demonstrate the known 

unpredictable natural course and progression of MMP and highlight the importance of a 

multidisciplinary approach in the diagnosis and management of this disease group.

As a result, in Chapter 6, the guideline committee recommends to screen newly diagnosed 

patients with MMP by an ophthalmologist and an otorhinolaryngologist at baseline, and during 

follow-up in case of clinical symptoms. Scar formation and the associated loss of function 

are the major complications in MMP. In Chapter 2, scarring was mainly reported in patients 

with ocular, pharyngeal, and laryngeal involvement. Clinical signs such as symblepharon, 

fornix shortening, trichiasis and ankyloblepharon are seen in ocular MMP, and in a subset of 

patients, scar formation may ultimately lead to blindness. Contrarily, scar formation is rarely 

seen in patients with oral involvement. While the causes of scarring in MMP are unknown, Th2 

lymphocytes and derived interleukin(IL)-4 are thought to be involved in this process, whereas 

increased levels of IL-5 and IL-13 were found in patients with ocular MMP.10,11 Additionally, 

increased levels of transforming growth factor (TGF)-β1 and heat shock protein (HSP) 47, a 

collagen-binding protein, may contribute to the scarring process in ocular MMP, as well as 

connective tissue growth factor (CTGF), which is involved in collagen synthesis.12

Immunostaining results assessed by direct immunofluorescence microscopy (DIF) and indirect 

immunofluorescence microscopy (IIF) appear to be similar between oral MMP and multisite 

MMP,13 while combined IgG and IgA-anti-BMZ reactivity was previously found in patients with 

MMP with a more severe clinical phenotype.14 In Chapter 2, we showed that IgA deposition was 

more often seen in patients with multisite involvement and in patients with ocular involvement. 



11

209

DISCUSSION AND FUTURE PERSPECTIVES

In addition, we found in our retrospective cohort that patients with multisite involvement, 

ocular involvement and pharyngeal and laryngeal involvement more often received systemic 

immunosuppressive or immunomodulatory therapy, indicating a more severe disease course.

Occurrence of malignancies in MMP 

The potential occurrence of a malignancy in patients with laminin 332 antibodies is a matter of 

controversy. The identifi cation of laminin 332 antibodies are mainly performed in specialized 

laboratories, using in-house techniques such as immunoprecipitation, immunoblot, enzyme-

linked immunosorbent assay (ELISA) or knockout analysis, which are time consuming with 

limited sensitivities. More recently, the keratinocyte footprint assay (KFA) was developed, a 

fast and practical assay to confi rm or rule out the presence of laminin 332 antibodies.15 This 

technique uses the footprint trail that keratinocytes leave behind as they migrate in a culture 

dish. The technique was previously tested in sera of patients with laminin 332 antibodies, 

showing binding of IgG to laminin 332 footprints in all 16 patients, while all 55 normal human 

controls were negative, demonstrating the specifi city of this KFA. Another highly specifi c assay 

uses recombinant laminin 332 expressed in human HEK293 cells, with reported sensitivities 

ranging between 13-43% for the individual α3, β3 and γ2 chains and 77% with the laminin 

332 heterotrimer in 93 patients with anti-laminin 332 antibodies, with a specifi city of 100%.16

Both these assays were compared and showed comparable sensitivity and specifi city.17 In 

Chapter 2, a total of 17 out of 145 patients showed laminin 332 antibodies, assessed by 

KFA. Noteworthy, we found a signifi cant higher malignancy rate in patients with laminin 332 

antibodies (35%) compared to patients with MMP without laminin 332 involvement (11%). These 

malignancies included mainly solid tumors. The cause of the increased rate of malignancies 

in such patients is unknown and may involve complex processes in the growth and migration 

of cancer cells. Laminin 332 is expressed in the extracellular matrix of various malignancies, 

including gastric, colon and cervical carcinomas.18,19 The association between anti-laminin 

332 reactivity and malignancies was previously reported in multiple case series and cohort 

studies of patients with MMP, ranging between 20-50%.20-24 Moreover, it is noteworthy that 

the clinical course of patients with anti-laminin 332 reactivity and a malignancy improved after 

treatment of the primary tumor.18,23 On the other hand, one multicenter retrospective failed 

to see this increased incidence of malignancies.25 Possible confounders such as age, use of 

immunosuppressive and cytotoxic treatment and the applied detection technique for lamnin 

332 autoantibodies as well as the rarity of this disease may cause potential bias in these 

results. Nonetheless, clinicians should be aware of this potential risk in such patients and as 

a result, in Chapter 5, the guideline committee recommends an oncological screening for 

patients with anti-laminin 332 reactivity, in particular for solid tumors, at initial diagnosis and 

on indication during follow-up.

Diagnostic assessment of MMP

The diagnosis of MMP can be challenging due to the lack of general consensus regarding 
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diagnostic criteria and the varying clinical presentation, causing a significant diagnostic delay 

for patients. Chapter 6, the second part of the European guidelines on MMP, presents the 

algorithm for the diagnosis of MMP. The diagnostic algorithm includes a perilesional biopsy for 

DIF detecting linear deposition of IgG, IgA and/or C3c along the EBMZ combined with IIF on 

human salt-split skin (SSS) detecting circulating IgG and/or IgA, and various immunoserological 

tests to detect the target autoantigen. In Chapter 4, we retrospectively assessed the accuracy 

of DIF and immunoserology in large cohort of patients with suspected MMP. DIF on an oral 

mucosal biopsy showed the highest sensitivity (88%) and positive predictive value (PPV) (100%) 

for the diagnosis of MMP. In contrast, IIF on SSS was less sensitive (45%) but highly specific 

(99%). Lastly, immunoblot, ELISA for BP180 and BP230 and IIF on monkey esophagus showed 

no additional value for diagnosis of MMP. Nonetheless, these tests may have additional value 

in the determination of the involved autoantigen in MMP, which in case of laminin 332, is 

clinically relevant.

Although the sensitivity of DIF on a perilesional buccal biopsy was higher (89%) than of a 

normal buccal biopsy (77%), this was not statistically significant. Similar findings were seen 

in a previous study, with sensitivities of 81% for perilesional biopsies compared to 77% for 

normal buccal biopsy in MMP, which were not significantly different.26 In daily practice, the 

buccal mucosa is easy to access and clinicians may obtain a biopsy of normal buccal mucosa 

if lesions in the oral mucosa are poorly accessible. Moreover, performing an additional DIF 

biopsy of another mucosal site or skin may increase the diagnostic yield. We found in three 

patients with monosite ocular MMP a positive DIF of the oral mucosa opposed to a negative 

DIF of the ocular mucosa. Absence of concomitant extra-ocular involvement in ocular MMP 

has been previously shown to be associated with significant diagnostic delay with a median 

of 405 days opposed to 180 days in patients with multisite ocular MMP.27 In monosite ocular 

MMP, DIF results of the ocular mucosa are often negative compared to those with extra-ocular 

involvement. A retrospective study of patients with MMP with ocular involvement, showed 

significant higher proportion of negative DIF biopsies in monosite ocular MMP (46%) compared 

to those with multisite ocular MMP (7%).28 Similarly, in a prospective cross-sectional study, 

patients with monosite ocular MMP were more likely to have negative DIF in contrast to those 

with multisite ocular MMP (40% vs. 66%).29 In another study of patients with ocular MMP, 20% 

had an initial negative DIF of the ocular mucosa. Of these, 64% had a biopsy for DIF performed 

from another mucosal site, all of these were positive.3 These results highlight the importance 

of an additional biopsy for DIF. A simple buccal mucosal biopsy can support the diagnosis in 

the event of ocular biopsies being negative. Also, an additional skin biopsy for DIF can be of 

useful value in MMP. In Chapter 4, 53 out of 72 patients with MMP (74%) with a performed 

DIF on a skin biopsy showed positive results, of which only 18 (34%) had skin involvement. In 

addition, serration pattern analysis was significantly more often determined in skin biopsies 

compared to mucosal biopsies (66% vs. 37%), which is an additional reason to perform a skin 

biopsy for DIF in patients with suspected MMP. A retrospective analysis of DIF in ocular MMP 
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found higher sensitivity and negative predictive value of immunostaining results in DIF in skin 

specimens than in ocular mucosal biopsies.30

Treatment and current challenges in MMP

Theoretically, MMP cannot be cured as autoreactive T cells may still last in patients’ lymphoid 

system for indefi nite time, able to activate B cells to produce autoantibodies. Nonetheless, 

long-term remission has been reported in patients with MMP treated with immunosuppressive 

or immunomodulatory therapy. The prevention or stagnation of scar formation is the main 

goal in the treatment of MMP. The rarity of the disease, and therefore, lack of well-designed 

randomized controlled trials contributes to the challenge of the assessment of the therapeutic 

options. In addition, a comparison of results is diffi cult due to the heterogeneity of MMP, 

the lack of unifi ed disease severity scores, and the use of different defi nitions of therapeutic 

response endpoints. Therefore, clinical practice in the management of MMP are mostly based 

on small non-randomized studies, case series and cohort studies. In Chapter 2, we analyzed 

daily practice data of the effi cacy of various immunosuppressive and immunomodulatory 

therapies in patients with MMP, the majority with multisite involvement. Remission rates were 

rather disappointing and patients often discontinued therapy because of side-effects. In 

Chapter 6, the second part of the European guideline, an algorithm for treatment of MMP 

is depicted. The choice of fi rst- and second-line treatment depends on the severity of MMP. 

Mild to moderate MMP is associated with involvement of the oral mucosa with or without skin 

involvement, whereas severe MMP involves other affected mucosal sites. In case of mild to 

moderate MMP, dapsone, methotrexate or tetracycline and/or topical corticosteroids are fi rst 

line treatment opportunities. The second line treatment includes a combination of dapsone 

with tetracycline, topical or oral corticosteroids or mycophenolate mofetil, azathioprine or 

methotrexate. For patients with severe MMP, cyclophosphamide with dapsone is the fi rst 

choice of treatment, followed by rituximab with dapsone. Intravenous immunoglobulin and 

TNF-alfa inhibitors are used in recalcitrant cases and are considered as third- and fourth-line 

therapy, respectively.

Part I Future perspectives

There are still many unanswered questions about MMP that need to be addressed in future 

work. The long diagnostic delay and suboptimal treatment are major concerns, and highlight 

the importance to further improve awareness and training amongst specialists. Also, few data 

are available concerning the incidence and prevalence in different geographical regions. The 

possible association between clinical and immunological features is yet to be determined: are 

there subtypes to distinguish and does it affect the prognosis of the disease? Which factors 

contribute to the scarring process in MMP? The association of anti-laminin 332 autoantibodies 

and malignancy is in particular an important issue. Future prospective multicenter studies should 

elucidate the risk and etiology of malignancies in MMP. Furthermore, the lack of widely available 

and standardized diagnostic assays hampers the establishment of the diagnosis. A major gap 



212

regarding therapeutic options for MMP is the current lack of good-quality clinical trials. More 

research is necessary focusing on the efficacy and sequence of the different therapies used 

in MMP, as well as the treatment response with regard to the different mucosal sites. Further 

work is required to assess the potential benefit of biologics and the prevention or reversion 

of scarring that eventually could lead to significant functional impairment.

PART 2 - Management of autoimmune bullous diseases
The current treatment strategies in autoimmune bullous diseases (AIBDs), and in particular 

pemphigoid, largely rely on unspecific immunosuppression with unsatisfactory results and 

contribute to the increased patient morbidity and mortality in this frail and old population. 

On the other hand, considerable progress has been made in the management of pemphigus, 

with the introduction of rituximab.

Indeed, rituximab can be considered as the most important advance in the treatment of 

pemphigus after the introduction of corticosteroids, transforming a potentially fatal disease 

to a chronic disease which can be almost curable in some patients. The clinical efficacy of 

rituximab in pemphigus is well established. It was first used in early 2000 and since then, more 

than 1,000 pemphigus patients worldwide were treated with this therapy.31,32 The findings of 

the randomized controlled study of Joly et al. (Ritux 3) showed that rituximab plus prednisone 

is long-term effective in pemphigus. At month 24, complete remission off-therapy was seen in 

89% of the patients treated with rituximab and prednisone, in contrast to 34% of the patients 

with prednisolone monotherapy.33 Ultimately, in the updated guidelines on the management 

of pemphigus, rituximab combined with short-term oral corticosteroids was considered as 

first-line treatment in pemphigus vulgaris and pemphigus foliaceus.34

The mechanisms of long-term clinical remission of rituximab in pemphigus rely on several factors. 

The post hoc analysis of Ritux 3 investigated the immunological mechanisms associated with 

long-term clinical remission in 90 patients after rituximab treatment. This study observed a 

prolonged decrease of circulating anti-Dsg1 and anti-Dsg3 IgG secreting B cells and thus, the 

decrease of serum anti-Dsg1 and anti-Dsg3 IgG autoantibodies in patients with pemphigus 

with long-term remission.35 Similarly, a long-term follow-up study of 6 years of 19 patients with 

pemphigus treated with rituximab, showed that these desmoglein-specific circulating IgG B 

lymphocytes were present in patients at baseline and in those with incomplete remission, but 

barely detectable in patients with long-term complete remission. In contrast, desmoglein-specific 

IgM B lymphocytes were still detectable, possibly explained by the blockage of the isotype 

switch of IgM to IgG. Furthermore, this study evaluated the B and T cells subpopulations and 

repertoire in these patients and found an impaired balance of Dsg-specific memory CD27+ B 

cells, relative to CD27-naïve B cells and transitional B cells in patients with complete remission.36 

Another study which included these same patients of the Ritux 3 trial, observed a down 

regulation of the CD27 memory marker gene and a lower expression of the Dsg-specific CD27+ 
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B cells, suggesting that these changes are likely responsible for the decreased production of 

anti-Dsg autoantibodies.37 The role of T follicular helper cells is essential in the initiation of 

CD27+ memory B cells in the germinal centers.38 Of note, a major decrease in Dsg-3 specifi c 

T follicular helper cells have been shown in patients after rituximab treatment.35 Thus, the 

mechanism of action of rituximab does not only correspond to a depletion of Dsg specifi c B 

cells, but rather a blockage of the isotype switch of Dsg-specifi c-B-cells possibly related to 

the prolonged disappearance of Dsg-specifi c T follicular helper cells.

A single-center retrospective cohort study evaluated possible prognostic factors for achieving 

complete remission off therapy in 112 patients with pemphigus treated with rituximab.39 The 

lymphoma dose regimen, meaning 4 weekly infusions of 375 mg/m2, was associated with the 

achievement of clinical remission off therapy, in contrast to the rheumatoid arthritis dosing 

regimen consisting of two infusions of 1000mg 14 days apart. It is worth mentioning that 

these patients did not receive the maintenance infusions of 500mg after 6, 12 or 18 months. 

Also, a body mass index of 35 or greater, corresponding with moderate to severe obesity, 

was shown to be a negatively associated with clinical remission off therapy, independent of 

dose regimen. Moreover, an increased age was associated with achieving clinical remission 

of therapy, which can be explained by a weakened immune system in elderly patients and 

consequently facilitate the achievement of remission.

Despite the effi cacy of rituximab in pemphigus, a relative high relapse rate is seen during the 

years after rituximab. A systemic review and meta-analysis reported an overlap relapse rate 

of 40% in patients with pemphigus after rituximab.40 In 22 patients with pemphigus treated 

with rituximab, the relapse rate after two, three and fi ve years were 20%, 30% and 60% 

respectively.36 In Chapter 7, we showed the benefi t of additional maintenance infusions after 

6 and 12 months in preventing relapses. A total of 53 patients with pemphigus were treated 

with rituximab according to the rheumatoid arthritis protocol, consisting of two infusions of 

1000mg with two weeks interval, followed by a maintenance infusion of 500mg at 6 and 12 

months in 47% of these patients. A signifi cant lower relapse rate was seen in the group of 

patients who received these maintenance infusions, regardless of the mean cumulative dose 

of prednisone. Previous studies indirectly support this benefi t by reporting high relapse rates 

after rituximab treatment without the administration of such maintenance infusions.41-43 In 

another study, a second course of rituximab was shown to be effective, indicating the use of 

maintained treatment with rituximab to avoid the occurrence of relapses.36 In fact, the updated 

guidelines on the management of pemphigus recommend two infusions of rituximab of 1000mg 

two weeks apart in moderate to severe patients, followed by maintenance therapy of 500mg 

at month 6, 12 and 18 in patients with complete remission.34

The benefi cial effect of rituximab in pemphigoid seems to be lower than in pemphigus in terms 

of control of disease activity and clinical remission. This suggest that depletion of B-cells and 
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subsequent decrease of circulating autoantibodies may not affect other essential pathogenic 

pathways in pemphigoid diseases. Only retrospective studies are performed in patients with 

bullous pemphigoid (BP) and MMP.44-47 In Chapter 8, we analyzed the clinical response of 

rituximab in 7 patients with BP and 16 patients with MMP. Remission (complete and partial 

remission) was achieved in 71% of patients with BP and 75% with MMP, and complete remission 

off therapy in 29% and 38%, respectively. Furthermore, concomitant immunosuppressive 

or immunomodulatory therapy were reduced during rituximab treatment. In particular, the 

use of prednisone decreased from 78% to 26% within one year after the first infusion. The 

majority of patients reported infections during rituximab treatment, although none were 

severe. Nonetheless, concerns remain over the risk of infections following B-cell depletion. 

Thus, rituximab can be considered as non-validated alternative in patients with generalized 

disease of BP who are unresponsive to intensive therapy with combined topical and systemic 

corticosteroids or conventional immunosuppressive therapies (Updated S2K guidelines on 

the management of BP, unpublished). In MMP, rituximab may be recommended as second-

line therapy for patients with severe disease and third-line therapy in patients with mild to 

moderate MMP, as depicted in Chapter 6.

In addition to the clinical response, we analyzed the patient reported outcome measures 

(PROMs) in patient with pemphigoid and pemphigus. In Chapter 8, we showed the positive 

effect of rituximab therapy on quality of life and treatment burden in both pemphigoid and 

pemphigus patients, reflected by a decrease of Dermatology Life Quality Index (DLQI) and 

Treatment of Autoimmune Bullous Diseases Quality of Life (TABQOL) after 6 and 12 months. 

Furthermore, a decline in anxiety scores measured by Hospital Anxiety and Depression Scale 

HADS was observed in these patients. Both the disease manifestations and therapeutic options 

in autoimmune blistering diseases may cause a significant burden in daily life with physical as 

well as psychological consequences.48 The use of PROMs has a positive impact on treatment, 

and quality of life is increasingly acknowledged as an important tool for understanding patient 

care.49,50 The opportunity to provide a patient-based endpoint for evaluating the effectiveness 

of therapeutic interventions argue for using these tools in clinical trials in pemphigoid and 

pemphigus. 

Limitations regarding therapeutic options as well as the increasing incidence of pemphigoid 

contributes to the unmet medical need to develop novel therapeutic targets with relatively 

less side-effects. Therefore, we conducted two clinical trials in patients with BP and NBP. In 

Chapter 9, the safety and efficacy of nomacopan, a dual inhibitor of complement C5 and 

leukotriene B4 (LTB4), was analyzed in nine patients with BP and nonbullous pemphigoid 

(NBP). Nomacopan is derived from a small protein present in the saliva of the blood-sucking 

Ornithodoros moubata tick.51 The function in tick saliva is to assist the parasite in feeding by 

suppressing host immune reactions, which would otherwise alert the host to the presence of the 

parasite and as a result removing it by scratching or grooming. Nomacopan binds to C5 and 
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thus prevents the proteolysis to C5a and C5b through C5 convertase activity and consequently 

inhibits the generation of C5b-9, the membrane attack complex, and simultaneously binds 

and inhibits LTB4. The latter can be induced by signals independent of complement but works 

in conjunction with C5a as a white blood cell attractant and activator.51 C5a production may 

be initiated in the skin after C3 deposition at the epidermal basement membrane zone by 

the complement pathway and subsequently binds to C5aR1 on neutrophils.52 The pathogenic 

role of the activated complement fragment C5a/C5aR1 and the chemoattractant LTB4 for the 

recruitment of neutrophils into the skin, and consequently, skin infl ammation are previously 

shown by using antibody transfer mouse models of BP-like epidermolysis bullosa acquisita (EBA) 

and of BP.53-56 Additionally, both C5a and LTB4 have been shown to be present in blister fl uid 

and perilesional skin in patients with BP.57,58 The therapeutic potential of the dual inhibition of 

C5 and LTB4 was analyzed in the antibody transfer model of BP-like EBA, showing reduction 

of ongoing skin infl ammation and the frequency of dermal epidermal cleft formation. These 

results suggest that both components are continuously required to maintain skin infl ammation. 

Inhibition of C5 is a therapeutic target in a wide range of autoimmune and infl ammatory 

diseases, including Crohn’s disease, myasthenia gravis, paroxysmal nocturnal hemoglobinuria 

(PNH), atypical hemolytic uraemic syndrome (aHUS) and age-related macular degeneration.59-63

In the phase II single-arm trial of nomacopan, seven out of nine patients (78%) showed clinical 

improvement refl ected by a decrease in Bullous Pemphigoid Disease Area Index (BPDAI) scores 

and Visual Analogue Scale (VAS) score. This improvement was most prominent at the beginning 

of the treatment, making this an interesting alternative for corticosteroids. In addition, none 

of the nine patients reported serious adverse events possibly related to nomacopan. These 

results indicate that nomacopan is both effective and relatively safe for the treatment of this 

frail population. Given these promising results, a randomized, placebo-controlled phase III 

clinical trial in moderate to severe BP comparing nomacopan plus oral corticosteroids versus 

placebo plus oral corticosteroids is currently under development, aiming to test whether 

corticosteroids can be tapered more rapidly in nomacopan than placebo arm, and whether a 

higher proportion of nomacopan plus corticosteroid than placebo plus corticosteroid-treated 

patients achieve remission.

Apremilast, a phosphodiesterase type 4 (PDE4) inhibitor, is approved for treatment of psoriasis 

and psoriatic arthritis.64-66 Due to the wide distribution of PDE4 in different cells and tissues, 

PDE4 inhibitors were used in various infl ammatory conditions, such as rheumatic arthritis, 

chronic obstructive pulmonary disease (COPD), asthma, infl ammatory bowel diseases (IBD) 

and neuroinfl ammation.67-71 Moreover, within the fi eld of dermatology, apremilast was used 

as off-label therapy in various infl ammatory diseases, such as atopic dermatitis, hidradenitis 

suppurativa, lichen planus and lupus erythematosus.72-75 PDE4 is expressed in keratinocytes 

and immunocytes such as T cells, macrophages, neutrophils and eosinophils. It functions as an 

intracellular enzyme that modulates infl ammation by degrading cyclic adenosine monophosphate 
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(cAMP) via enzymatic hydrolysis, resulting in increased inflammatory mediators.76,77 Inhibition 

of PDE4 elevates intracellular cAMP, associated with the suppression of the overactivity of 

immune responses and in the reduction of inflammatory cytokines and chemokines, such as 

tumor necrosis factor (TNF) alpha, IL-5, IL-17, IL-23 and interferon (IFN) gamma.78 At the same 

time, inhibition of PDE4 leads to the increase of anti-inflammatory cytokines, such as IL-10.78 

Furthermore, accumulation of cAMP in keratinocytes and epithelial cells could inhibit the 

inflammatory responses and regulate cell growth and barrier functions.79 In a previous study 

with EBA mouse models inhibition of PDE4 diminished disease manifestation and progression, 

arguing for the potential use in patients with other forms of pemphigoid diseases.80 In search 

for an effective corticosteroid-sparing treatment strategy, we conducted a pilot study in 

Chapter 10, combining apremilast and doxycycline for the treatment of BP and NBP. Although 

apremilast was generally well tolerated, efficacy results were rather disappointing. Only two 

patients achieved partial remission (29%), and one disease control (14%). One patient is 

currently included and showed disease control at week six. Based on this pilot study, apremilast 

efficacy was not demonstrated in patients with active cutaneous pemphigoid, in contrast 

to observations of efficacy in psoriasis, owing to immunologic and mechanistic differences 

between these diseases.

Part II Future perspectives

The increasing knowledge in the pathogenesis of AIBDs facilitate the improvement of the so 

far unsatisfactory treatment. The need for better treatment options is one of the unmet needs 

reported by patients with AIBDs.81

Despite the benefit of rituximab in pemphigus, there is still improvement to gain in establishing 

long-term remission as well as improvement of the time to achieve remission. Data to support 

the current dosage regime of rituximab are lacking, as well as biomarkers for predicting patients 

at risk for failure to achieve remission or developing relapses. Further studies, which take these 

variables into account, will need to be undertaken, moving towards personalized treatment. 

Until now, nothing beats the clinical response of systemic corticosteroids in the treatment 

of BP, but given the severe side-effects and increased mortality, long-term treatment with 

corticosteroids is not desirable. Moreover, patients often experience relapses when tapering 

corticosteroids. Nomacopan may have an interesting role here, as it induced rapid improvement 

in patients with BP, mimicking the effect of prednisone. Future studies should focus on the 

position of this drug in BP. Despite that the beneficial effect of rituximab in BP is inferior when 

compared to pemphigus, promising results have been previously reported in retrospective 

studies. Future randomized clinical trials are needed to determine the clinical effectiveness 

of rituximab in pemphigoid diseases. 

Rare diseases were historically not a primary focus of most pharmaceutical companies, fortunately 
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this has changed over time. More and more biologics targeting various infl ammatory mediators 

or complement in BP have been identifi ed and are being analyzed in clinical trials (Figure 1). 

Targeting complement activation is increasingly explored as a possible therapeutic strategy 

in BP. In addition to C5 inhibition discussed above, inhibition of complement components by 

biologics are tested in patients with BP. Inhibition of complement C1s, which is critical for the 

initiation of the classical complement pathway cascade,82 was recently evaluated in a phase 

1 clinical trial (NCT02502903). The results showed inhibition of the classical pathway by the 

anti-C1s human monoclonal antibody sutimlimab (BIVV009) and found to be safe and well 

tolerated in nine patients with BP. Another biologic targeting complement is avdoralimab, 

a specifi c antibody against C5a receptor 1 (C5aR1), preventing the interaction with C5a and 

thus granulocyte recruitment.52 Blocking of the C5a-C5aR1 axis is currently analyzed in an 

open-label randomized phase 2 clinical trial in BP (NCT04563923).

Eosinophils are abundantly present in the upper dermis of lesional skin and in blister fl uid in 

patients with BP and therefore have become an attractive therapeutic option.83 Considerable 

amounts of eotaxin have been found in lesional skin in BP, and are known to be involved in 

the recruitment of eosinophils from the peripheral circulation to lesional skin.84 In addition, 

Th2 cytokines such as IL-4, IL-5 and IL-13 have been observed in the skin of BP and in blister 

fl uid, and IL- 5 specifi cally is involved in the regulation of eosinophil production, activation and 

Figure 1. Current and potential targeted therapies in bullous pemphigoid.
Created in BioRender.com.
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survival.85-87 Inhibition of these components would be a future approach in the treatment of BP. 

Bertilimumab, a human monoclonal antibody targets eotaxin-1 in order to reduce eosinophil 

infiltration in BP. An open label single arm phase 2 clinical trial showed that bertilimumab is safe 

and tolerable, and have led to a considerable decrease of the BPDAI score in nine patients with 

BP (NCT02226146). In contrast, the efficacy of mepolizumab, an anti-IL-5 antibody, combined 

with oral corticosteroids was not proven in a randomized placebo-controlled double-blind 

phase II pilot study.88 Currently, a randomized double-blind placebo-controlled phase 3 clinical 

trial is investigating the efficacy of benralizumab in patients with BP, which is a humanized 

IgG1 monoclonal antibody against the IL-5 receptor alpha subunit and acts by blocking the 

downstream signaling of IL-5, ultimately leading to the decrease of eosinophils and basophils 

in circulation (NCT04612790).

The efficacy of dupilumab, a monoclonal antibody against IL-4R alpha, has been reported in 

case reports and case series of patients with BP.89,90 It blocks the signal transduction mediated 

by IL-4 and IL-13 and inhibits Th2-related chemokines as well as indirectly inhibiting eosinophil 

activity.90 A randomized double-blind placebo-controlled trial is currently evaluating the 

efficacy and safety of dupilumab in patients with BP (NCT04206553). Previous case reports 

and case series have suggested the beneficial therapeutic effect of omalizumab in BP, a 

human monoclonal antibody which prevents IgE from interacting with FcεR I on mast cells 

and eosinophils, among others, by binding the Fc region of free IgE.91-94 A single-arm phase 

3 trial evaluating the efficacy and safety of rituximab combined with omalizumab in patients 

with BP is underway (NCT04128176).

Elevated IL-17 serum levels as well as IL-17 positive cells in lesional skin of patients with BP 

point towards the involvement of Th17 in the pathogenesis, making this a potential target 

for the treatment of BP.95 IL-23 is the predominant molecule mediating IL-17 expression and 

elevated amounts of IL-23 as well as IL-17 is found in blister fluid in BP.96,97 The efficacy of 

ixekizumab, a recombinant human monoclonal antibody targeting IL-17, was evaluated in an 

exploratory open label single-arm phase 2 clinical trial in patients with BP (NCT03099538). 

However, it failed to achieve the primary endpoint, which was cessation of blister formation 

in the four included patients. Ustekinumab, a human monoclonal antibody targeting the p40 

subunit shared between IL-23 and IL-12 is currently analyzed in open label single-arm phase 2 

clinical trial (NCT04117932). Furthermore, the efficacy of tildrakizumab, a human monoclonal 

antibody which inhibits the p19 subunit of IL-23 and thereby reducing its activity will be 

evaluated in an open-label single group pilot study in BP (NCT04465292).

Compared with systemic immunosuppressive treatment, the mode of action of these biologics 

are more selective and therefore may have a more favorable side-effect profile. This is an 

absolute positive and important development in the search for an effective and safe treatment 

for pemphigoid diseases.
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