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introduction: Rituximab (RTX) is a monoclonal antibody targeting CD20, a transmem-
brane protein expressed on B  cells, causing B  cell depletion. RTX has shown great 
efficacy in studies of pemphigus vulgaris, but data of pemphigoid diseases are limited.

Objective: To assess the effectiveness and safety of RTX in pemphigoid diseases.

Methods: The medical records of 28 patients with pemphigoid diseases that were treated 
with RTX were reviewed retrospectively. Early and late endpoints, defined according 
to international consensus, were disease control (DC), partial remission (PR), complete 
remission (CR), and relapses. Safety was measured by reported adverse events.

results: Patients with bullous pemphigoid (n  =  8), mucous membrane pemphigoid 
(n = 14), epidermolysis bullosa acquisita (n = 5), and linear IgA disease (n = 1) were 
included. Treatment with 500 mg RTX (n = 6) or 1,000 mg RTX (n = 22) was administered 
on days 1 and 15. Eight patients received additional 500 mg RTX at months 6 and 12. 
Overall, DC was achieved in 67.9%, PR in 57.1%, and CR in 21.4% of the cases. During 
follow-up, 66.7% patients relapsed. Repeated treatment with RTX led to remission (PR 
or CR) in 85.7% of the retreated cases. No significant difference in response between 
pemphigoid subtypes was found. IgA-dominant cases (n  =  5) achieved less DC (20 
vs. 81.3%; p = 0.007), less PR (20 vs. 62.5%; p = 0.149), and less CR (0 vs. 18.8%; 
p = 0.549) compared to IgG-dominant cases (n = 16). Five severe adverse events and 
three deaths were reported. One death was possibly related to RTX and one death was 
disease related.

conclusion: RTX can be effective in recalcitrant IgG-dominant pemphigoid diseases, 
however not in those where IgA is dominant.

Keywords: pemphigoid diseases, autoimmune bullous diseases, rituximab, iga, mucous membrane pemphigoid, 
linear iga disease, epidermolysis bullosa acquisita, case series

Abbreviations: RTX, rituximab; BMZ, basement membrane zone; BP, bullous pemphigoid; MMP, mucous membrane pemphi-
goid; EBA, epidermolysis bullosa acquisita; LAD, linear IgA disease; RA, rheumatoid arthritis; DIF, direct immunofluorescence 
microscopy; IIF, indirect immunofluorescence microscopy; SSS, salt-split skin; DC, disease control; PR, partial remission; CR, 
complete remission; HIVIg, human intravenous immunoglobulin; MTX, methotrexate; AZA, azathioprine; cyclo, cyclophos-
phamide; MMF, mycophenolate mofetil; IV, intravenous.
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inTrODUcTiOn

Pemphigoid diseases are a heterogeneous group of autoantibody-
mediated subepidermal blistering diseases (1). IgG, IgA, or IgM 
autoantibodies target distinct antigens located in the basement 
membrane zone (BMZ) inducing different pemphigoid subtypes. 
Cutaneous pemphigoid is the subgroup of pemphigoid diseases 
that predominantly affect the skin (1, 2). Pemphigoid, be it non-
bullous or bullous (BP), is the most prevalent disease within this 
subgroup and mainly presents at older age (3). Mucous membrane 
pemphigoid (MMP) opposes cutaneous pemphigoid in the spec-
trum of pemphigoid diseases, and is characterized by primary 
involvement of the mucosa (2, 4). Beside the classification based 
on body localization, pemphigoid diseases may be classified 
based on targeted auto-antigens, such as 180  kDa BP antigen 
(BP180) and the 230  kDa BP antigen (BP230) in pemphigoid, 
laminin-332 in anti-laminin-332 MMP, the p200 protein in anti-
p200 pemphigoid (anti-laminin γ1 pemphigoid), and type VII 
collagen in epidermolysis bullosa acquisita (EBA) (2). Last, classi-
fication may be based on predominant class of autoantibodies IgG 
or IgA. Pemphigoid diseases with the exclusive IgA involvement 
are named linear IgA disease (LAD), regardless of the targeted 
antigen or clinical presentation (5). IgA-mediated pemphigoid 
diseases are difficult to treat if dapsone is contraindicated, and 
mostly show high resistance to usual immunosuppressants (6).

The 2014 European consensus guideline for the management 
of BP recommends transcutaneous systemic clobetasol therapy as 
initial treatment (7, 8). The alternative is oral systemic prednisolone 
therapy (0.5–1.0 mg/kg/day), which was associated with adverse 
events and higher mortality (8, 9). Recently, doxycycline was found 
to be non-inferior to and safer than prednisolone for short-term 
blister control (10), although the statistical margins were wide (11). 
As third-line rituximab (RTX) is recommended in cases in which 
conventional immunosuppressive drugs were not effective, were 
contraindicated, or showed unacceptable side effects (8, 12, 13).

Rituximab is a chimeric monoclonal antibody targeting CD20, 
a transmembrane protein expressed by all B cells in the pre-plasma 
cell lineage (14). Binding of RTX to CD20 leads to B cell depletion 
in the peripheral circulation by various mechanisms (15). RTX is 
registered for treatment of B cell lymphoma’s, rheumatoid arthri-
tis (RA), and granulomatosis with polyangiitis (15, 16). Recently, 
RTX was shown to be effective as first-line therapy in pemphigus 
(17). However, the position of RTX on the therapeutically ladder 
of pemphigoid diseases is unknown. Data regarding the effective-
ness and safety of RTX in pemphigoid diseases are limited and are 
mainly of retrospective nature (18–26). Furthermore, it is unclear 
which treatment regime is most beneficial and which factors 
might be predictive for treatment response (27, 28). Therefore, 
the aim of our study was to retrospectively analyze our daily prac-
tice experience with RTX in pemphigoid diseases by evaluating 
the effectiveness and safety, and to identify clinical or serological 
factors that might be associated with treatment response.

MaTerials anD MeThODs

All patients with pemphigoid diseases treated with RTX between 
2010 and September 2017 at the Center for Blistering Diseases 

at the University Medical Center Groningen were included in 
the study. Pemphigoid diseases were diagnosed based on the fol-
lowing criteria: linear depositions of IgG, IgA, IgM, or C3c along 
the BMZ by direct immunofluorescence microscopy (DIF) and/
or positive indirect immunofluorescence microscopy (IIF) on 
monkey esophagus (MO) or salt-split skin (SSS), in combination 
with clinical presentation, histopathological findings, or other 
immunoserological tests compatible with the diagnosis of a pem-
phigoid disease. Patients with a linear u-serrated immunodeposi-
tion pattern seen by DIF were diagnosed with EBA. Patients with 
exclusive involvement of IgA were diagnosed with LAD.

Patients charts were reviewed retrospectively by the first 
(Aniek Lamberts) and second (H. Ilona Euverman) authors. 
Response outcomes were defined according to international con-
sensus and measured by the early endpoint disease control (DC), 
and the late endpoints partial remission (PR), complete remission 
(CR), and the number of relapses (29, 30). Safety was measured 
by reported adverse events. Discrepancies in the assessment by 
Aniek Lamberts and H. Ilona Euverman were resolved through 
discussion with the other authors (Barbara Horváth and Marcel 
F. Jonkman).

Treatment regimes
There were two treatment protocols administered. In the period 
of 2010–2012, patients were treated with RTX 500  mg at days 
1 and 15 (low-dose RA protocol), since this dose was effective 
in pemphigus patients (Horvath et al. 2011) (31, 32). Additional 
500  mg RTX at month 6 and/or 12 was only administered on 
indication (33). From 2012 the protocol was adjusted to 1,000 mg 
RTX at days 1 and 15 (high-dose RA protocol—published in 
2011) (28). Since 2014, patients standardly received additional 
500 mg RTX at months 6 and 12, and if indicated at month 18. 
Patients that relapsed within 1 year after the last RTX infusion 
received re-treatment with a single infusion of 500  mg RTX. 
Relapsed patients beyond 1 year after the last RTX infusion were 
retreated with a new cycle of 1,000 mg RTX at days 1 and 15.

statistical analysis
The Kolmogorov–Smirnov test was used to test for normal distri-
butions. Correlations between bivariate outcome measures were 
analyzed with Fisher’s exact test. Comparing means of non-nor-
mally distributed data was done with the Mann–Whitney U test. 
Statistical significance was defined by a p-value <0.05. Statistical 
analyses were performed in IBM SPSS statistics version 23.

resUlTs

Patient Population
A total of 28 patients were included. The patient characteristics 
are listed in Table 1. The mean delay in diagnosis was 10.5 months 
in BP (range 1–19), 24.3  months in MMP (range 4–60), and 
19.0  months in EBA patients (range 3–47). One MMP outlier 
with an exceptional long delay in diagnosis of 285 months was 
not taken into account. This patient showed severe laryngeal, 
oral, genital, and ocular (foster stage 4) involvement. The mean 
time between diagnosis and RTX treatment was longer for BP 
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Table 1 | Demographics of pemphigoid patients treated with RTX.

Mean age at first cycle RTX BP (n = 8)a 67.13 years SD 9.4, range 53–78

MMP (n = 14) 64.9 years SD 12.3, range 45–84
Ocular involvement (n = 7)b

Oral involvement (n = 11)
Laryngeal involvement (n = 4)
Genital involvement (n = 2)

EBA, all inflammatory subtype (n = 5) 54.0 years SD 22.8, range 25–87
LAD (n = 1) 48.0 years –
Total (n = 28) 63.0 years SD 14.3, range 25–87

Dominant Ig in DIF and IIF on SSS IgG dominant 16 patients
IgA dominant 5 patients
IgM dominant 1 patient
IgG/IgA equally dominant 6 patients

Gender Male 13 (46.4%)
Female 15 (53.6%)

First cycle of 2 × 500 mg 6 patients
Additional cycle 2 × 1,000 mg 3 patients
Additional cycle 2 × 500 mg 1 patient

First cycle of 2 × 1,000 mg 22 patientsc

Additional cycle 2 × 1,000 mg 1 patients
Additional cycle 2 × 500 mg 1 patient

Additional gifts of RTX 500 mg at M6 and/or M12 15 patientsd

500 mg at M6 and M12 8 patients

Mean total follow-up time (first RTX cycle till last contact) 30.3 months SD 23.0, range 2–79

RTX, rituximab; BP, bullous pemphigoid; MMP, mucous membrane pemphigoid; EBA, epidermolysis bullosa acquisita; LAD, linear IgA disease; Ig, immunoglobulin; DIF, direct 
immunofluorescence microscopy; IIF, indirect immunofluorescence microscopy; SSS, salt-split skin; M6, month 6; M12, month 12.
aAll patients with pemphigoid presented with the BP.
bTwo patients had exclusive ocular involvement, also known as pure ocular MMP.
cOne patient only received 1 × 1,000 mg due to the development of pneumocystis pneumonia.
dFive patients only received 500 mg RTX at M6, two patients only received 500 mg RTX at M12.
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patients (64.3 months; range 1–272), EBA (29.1 months; range 
0.5–84), and LAD patients (49.0  months) compared to MMP 
(13.8  months; range 2–63). Prior to RTX, all patients received 
one or more immunosuppressants (Table S1 in Supplementary 
Material) with suboptimal effect or with unacceptable side effects. 
Therefore, RTX was administered as last resort in several cases. 
Six patients received low-dose RTX (500  mg) and 22 patients 
high-dose RTX (1,000 mg), of which eight patients also received 
repeated RTX doses (500 mg) at months 6 and 12. In all patients 
RTX was added to pre-existing treatment with a local steroid 
and/or one or two systemic drugs (Table S1 in Supplementary 
Material).

effectiveness of First course of rTX
DC was achieved in 19 of 28 patients (67.9%) at a mean time of 
14.5 weeks (range 1–36; SD 9.1). Remission (partial or complete) 
was achieved by 57.1% (n = 16) of the treatment resistant pem-
phigoid cases (Figures 1 and 2). PR was achieved by 16 patients 
(57.1%) at a mean time of 34.2 weeks (range 9–71; SD 18.1). Six of 
28 patients (21.4%) also achieved CR at a mean time of 59.2 weeks 
(range 24–85; SD 22.1). Figures 3 and 4 display a flowchart and bar 
chart of the achieved early and late endpoints during follow-up. A 
complete overview of the outcome measurements of all included 
patients can be found in Table S1 in Supplementary Material.

We analyzed whether early administration of RTX was 
more beneficial. We compared the mean time between onset 

of symptoms and RTX treatment of patients with PR or CR 
(52.2 months; n = 16) and patients without PR or CR (64.9 months; 
n = 12). No significant difference was found [Mann–Whitney test 
(p = 0.642)].

comparison of Treatment regimes
Significantly more patients achieved DC with 1,000  mg RTX 
at days 1 and 15 (85.0%) compared to 500  mg RTX (33.3%; 
p = 0.028). Furthermore, patients more often achieved PR (63.6 
vs. 16.7%; p = 0.057) and CR (27.3 vs. 0%; p = 0.289). Relapses 
were seen in both two cases receiving 500 mg RTX and 12 out of 
19 cases (63.2%) with 1,000 mg RTX (p = 0.533).

Patients receiving repeated RTX infusions (n = 8) achieved DC 
(100 vs. 63.2%; p = 0.134) and PR (87.5 vs. 45.0%; p = 0.088) more 
frequently than patients without additional RTX infusions. A 
similar number of patients achieved CR (25.0 vs. 20%; p = 1.000). 
The relapse rate in the group with the additional gifts was lower 
(50.0 vs. 76.9%; p = 0.346), and the mean time until relapse was 
longer [81.3 weeks (range 32–170; SD 62.3) vs. 69.0 weeks (range 
12–238; SD 66.6); p = 0.572].

response in the Different Pemphigoid 
subtypes
Mucous membrane pemphigoid patients showed the most benefit 
of RTX with DC in 85.7%, PR in 64.3%, and CR in 28.6% patients. 
During follow-up, 75% of the MMP patients relapsed. BP patients 
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FigUre 2 | Epidermolysis bullosa acquisita (EBA) in a 59-year-old female. 
(a) Nummular erythematous plaques, papules and circinate configurated 
crustae, vesicles, and bullae on the trunk, before rituximab (RTX) treatment. 
(b) Remission off therapy after RTX treatment.

FigUre 1 | Bullous pemphigoid in a 69-year-old male. (a,c) Erythematous 
plaques and papules on both legs before rituximab (RTX) treatment. (b,D) 
Remission with minimal therapy after RTX treatment.
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was found in the effectiveness of RTX between the different 
pemphigoid subtypes by Fisher’s exact test.

immunological Findings
The dominant immunoglobulin class prior to RTX treatment 
assessed by staining intensity in DIF and IIF on SSS was IgG in 
the majority of the cases (57.1%; n = 16), IgA in 17.9% (n = 5), 
and IgM in 3.6% (n = 1). Equal intensity of IgA and IgG stain-
ing was observed in 21.4% (n = 6) of the cases. IgA-dominant 
pemphigoid cases (n =  5) showed significantly less DC (20 vs. 
81.3%; p = 0.007) compared to IgG-dominant cases (n = 16). The 
proportion of patients achieving PR (20 vs. 62.5%; p = 0.149) and 
CR (0 vs. 18.8%; p = 0.549) did not differ significantly; however, it 
showed a clear trend of ineffectiveness of RTX in IgA-dominant 
cases. Post treatment analysis was not performed.

Deposition of C3c along the BMZ was seen in 67.9% (n = 19) 
of DIF biopsies. No differences in effectiveness of RTX were 
found between patients with or without complement depositions.

relapses
Fourteen of 21 patients (66.7%) relapsed after a mean time of 
72.5 weeks (range 12–238; SD 63.2). Four of 14 relapsed patients 
showed B cell repopulation; in one case repopulation preceded 
relapse and in three cases repopulation was objectified after the 
relapse. Five of 14 relapsed patients showed maintained B  cell 
depletion and in five patients B cells were not followed up. Seven 
of 14 relapsed patients were retreated with RTX, which led to PR 
or CR in six out of seven patients (85.7%).

safety
Table  2 provides an overview of reported adverse events and 
deaths after RTX treatment. One patient died 4  months after 
RTX infusion due to sepsis which led to multi-organ failure. 
This death was interpreted as possibly related to RTX, since 
neutropenia (possibly RTX induced late onset neutropenia) 
might have contributed to a higher infection risk. All cases that 
reported grade 3 or grade 4 adverse events fully recovered. Five 
infusion reactions were observed in three patients during RTX 
administration: dyspnea with chest pain, tired feeling of the legs, 
and dizziness plus a burning sensation in the groins. All infu-
sions could be successfully continued at lower infusion rate. One 
patient was accidently shortly infused with RTX subcutaneously, 
causing temporary pain and swelling of the arm.

b cell Depletion
B cells were undetectable in the peripheral blood within 2 weeks 
in all patients after a single RTX infusion. In 13 patients, B cell 
levels remained undetectable during a mean follow-up time of 
77.5  weeks (range 24–269; SD 64.6). All 13 patients received 
repeated RTX infusions at months 6, 12, or both. Repopulation 
of B cells was seen in six patients after a mean time of 95.2 weeks 
(range 36–250; sd 82.4). B cell levels were not followed up in nine 
patients. B cell levels showed no clear relation with response to 
RTX. All data on B cell levels should be interpreted with caution, 
since B cells were not measured at standard time points in our 
study population.

achieved DC in 83.3%, PR in 62.5%, and CR in 12.5% with a 
relapse rate of 71.4%. In EBA patients, DC was found in 40%, PR 
in 40%, and CR in 20% without relapse. The patient with LAD 
was unresponsive to RTX treatment. No significant difference 
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FigUre 3 | Flowchart of the effectiveness of RTX in pemphigoid patients, showing the highest endpoint reached after the first RTX cycle. RTX, rituximab; DC, 
disease control; PR, partial remission; CR, complete remission. aTwo patients already achieved DC before RTX was administered.

FigUre 4 | Bar chart showing the achieved endpoints and repeated treatment of RTX of each individual pemphigoid patient. Bars represent patients until the end 
of follow-up. The pemphigoid subtypes are indicated on the y-axis and the x-axis displays time in years. RTX, rituximab; BP, bullous pemphigoid; MMP, mucous 
membrane pemphigoid; EBA, epidermolysis bullosa acquisita; LAD, linear IgA disease.
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Table 2 | Adverse events and deaths reported in pemphigoid patients treated with rituximab (RTX).

graDea concomitant immunosuppressive drugs

reported adverse events

Patient 1 Erysipelas right arm 3 Prednisolone 30 mg/day
Herpes simplex labialis (confirmed HSV-1) 2 Prednisolone 30 mg/day

Patient 2,3 Upper respiratory infection probably viral (not confirmed) 1 Patient 2: prednisolone 10 mg/day
Patient 3: none

Patient 4 PCP twice (no prophylaxis)
- after first gift of 1,000 mg RTX

4 Prednisolone 60 mg/day + cyclophosphamide 150 mg/day

- after second cycle of 2 × 1,000 mg RTX 4 Prednisolone 20 mg/day

Patient 5 Urticaria e.c.i., self-limiting 1 Prednisolone 15 mg/day

Patient 6 Flare-up of concomitant psoriasis 2 Prednisolone 10 mg/day + dapsone 100 mg/day

Patient 7 Polyarthritis and fever, possibly caused by serum sickness (not 
confirmed) 

3 Prednisolone 7.5 mg/day

Patient 8 Diarrhea and loss of consciousness, followed by hospitalization 3 Prednisolone 40 mg/day

Patient 9 Generalized pain e.c.i., self-limiting 2 Prednisolone 35 mg/day
Urinary tract infection (female) 2 Prednisolone 35 mg/day

Patient 10 Upper respiratory infection probably viral (not confirmed) 2 Prednisolone 5 mg/day + cyclophosphamide 50 mg/day
Urinary tract infection (male) 2 Prednisolone 5 mg/day + cyclophosphamide 50 mg/day

Patient 11 Myalgia e.c.i., self-limiting 1 Prednisolone 5 mg/day

Deaths that occurred after rTX administration

Male, 78 years old, BP Cognitive and physical decline. Exact cause of death unknown

Female, 73 years old, BP Sepsis due to neglected urinary tract infection and neutropenia/leukopenia 
(possibly late onset neutropenia due to RTX), multi-organ failure eventually 
led to death

Female, 87 years old, EBA Active disease with severe mucosal involvement, weight loss and physical 
decline, exact cause of death unknown (possibly disease related)

RTX, rituximab; HSV-1, Herpes Simplex Virus type 1; PCP, pneumocystis pneumonia; e.c.i., e causa ingnota (of unknown cause); BP, bullous pemphigoid; MMP, mucous membrane 
pemphigoid; EBA, epidermolysis bullosa acquisita; LAD, linear IgA disease.
aAdverse events were graded according to the Common Terminology Criteria for Adverse Events v4.0 (CTCAE) (34).
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DiscUssiOn

Our study showed partial or CR with RTX in 57.1% of the cases 
with a pemphigoid disease, that previously failed on a variety 
of immunosuppressants. RTX was most beneficial in refractory 
MMP and BP patients with partial or CR in 64.3 and 62.5% of 
the cases. Interestingly, IgA-dominant pemphigoid diseases 
responded poorly on RTX.

Only two other studies described RTX treatment of MMP 
patients (n  =  14; 11 cases with isolated ocular involvement) 
according to the RA protocol and showed PR or CR in all 
cases (19, 20). Both studies reported high relapse rates (83.3 
and 100%); however, repeated treatment led to remission in 
all cases. These findings are in accordance with our observed 
relapse rate (66.7%) and remission rate after repeated RTX 
treatment (85.7%).

Previous studies on RTX therapy in MMP and BP reported 
either mixed responses with serious infectious adverse events 
and death (24–26), or high remission rates with limited non-
serious adverse events (18–23). Studies on RTX in combination 
with immunoadsorption (protein A) or human intravenous 
immunoglobulin found high response rates in ocular MMP, 
resistant EBA, and recalcitrant BP (35–38). Interestingly, our 

study showed lower remission rates compared to most reports 
in the literature; DC in 100% (21) , PR and/or CR in 66% (24), 
86% (25), 88% (26), 92% (18), and 100% (23) . These differences 
in the results can be explained by the clinical heterogeneity of the 
previous studies, caused by using different RTX regimes (21, 22, 
24–26), by assessing different populations (multiple pemphigoid 
subtypes in a tertiary referral center in our study, MMP patients 
in most studies) (19–21, 26, 36) , or by using different definitions 
for the outcome measurements (19, 22, 23, 39). Studies prior 
to the pemphigoid consensus of 2012 either used definitions of 
the pemphigus consensus of 2008, in which minimal adjuvant 
therapy was less well defined, or other definitions for treatment 
response (19, 22, 23, 39).

An important result is the observation of significantly more 
DC (p = 0.028), and more PR (p = 0.057) and CR (p = 0.289) in 
patients treated with a high dosage regime compared to a low dos-
age regime. Moreover, we noticed a beneficial effect of repeated 
RTX infusions with less relapses.

A major finding of our study is that four out of five (80%) IgA-
dominant pemphigoid diseases were completely unresponsive 
to RTX treatment. Previously, He et al. demonstrated persistent 
IgA-secreting plasma cells in a MMP patient not responding to 
RTX treatment (40). They speculated that plasma cells could be 
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derived from a tissue resident memory B cell population that is 
resistant to anti-CD20 therapy. Mei et al. described the continu-
ous presence of IgA + plasma cells in the peripheral circulation 
and the gastrointestinal mucosa of RA patients during successful 
B  cell depletion by RTX (41). Further characterization of the 
circulating plasma cells revealed a mucosal phenotype, indicating 
that their precursor B cells are mucosal resident, and not depleted 
by RTX. All these findings could explain the unresponsiveness in 
our IgA-dominant cases.

Fourteen adverse events were reported in 11 (39.3%) 
pemphigoid cases treated with RTX. The majority of adverse 
events were infectious (n = 8). Five adverse event were severe 
(grade 3 of 4), and one reported death was possibly related 
to RTX. Noteworthy is one disease-related death in an older 
EBA patient, demonstrating that pemphigoid diseases can be 
life-threatening in therapy resistant cases and underlining 
the urgent need for effective treatment options. Our safety 
data is comparable with the reports of Maley et  al. and Cho 
et  al. who found adverse events in 33 and 31% of the MMP 
patients treated with RTX (18, 21). Yet, both studies observed 
a significantly higher adverse event rate in patients treated 
with conventional therapies (48 and 53%). Other studies have 
reported less adverse events compared to our data (23, 35–37). 
This might be explained by the frequent use of concomitant 
immunosuppressive drugs in our population with high disease 
severity, causing a high risk of infection.

Pemphigoid diseases appear to respond less on RTX than 
pemphigus, despite successful B cell depletion in the peripheral 
circulation in both diseases (17, 32). Furthermore, our data 
also showed that it takes almost 4 months (mean time till DC is 
14.4 weeks) until RTX has effect, whereas in pemphigus effect is 
noticed within 2 months (DC at 4.0–9.3 weeks) (42–46). Possibly, 
B  cell depletion stops pathogenic autoantibody production in 
both diseases, though other ongoing pathophysiological mecha-
nisms that are not interrupted by B cell depletion might play a 
more substantial role in the pathogenesis of pemphigoid (27, 
47). Nevertheless, PR and CR in responding pemphigoid disease 
patients was reached after the same time or slightly later than in 
pemphigus patients (32, 45, 46).

The greatest limitation of this study is its retrospective nature, 
which led to incomplete and/or missing data, such as objective 
disease scores (BPDAI and MMPDAI), and laboratory measure-
ments of B cells and pathogenic autoantibodies at standard time 
points. Furthermore, a major limitation is the small sample size, 

especially when comparing the different pemphigoid subtypes, 
and the heterogeneity of our study population. The use of con-
comitant immunosuppressants in almost all patients (Table S1 
in Supplementary Material) did not allow us to draw conclusions 
regarding RTX monotherapy. Nonetheless, the immunosuppres-
sants alone did not succeed to establish DC or remission prior 
to RTX treatment. Moreover, the use of co-medication in severe 
pemphigoid diseases does reflect upon our daily practice. Lastly, 
it is important to emphasize that consensus late endpoints PR 
and CR imply to define two contrasting outcomes, but in clinical 
setting the difference can be minimal (one insignificant lesion 
once weekly vs. no lesions); therefore, patients on PR and CR 
might be equally satisfied with treatment result. Prospective stud-
ies with a greater sample size are needed to provide a higher level 
of evidence on the effectiveness of RTX in pemphigoid diseases.

In conclusion, this study demonstrated that RTX was effective 
in 57.1% of recalcitrant pemphigoid diseases and that the high 
dose regime of twice 1,000 mg was more effective than the low 
dose. Although relapse rates were high (66.7%), repeated RTX 
therapy led to remission in the majority of the relapsed cases 
(85.7%). An important finding is that most pemphigoid patients 
with IgA-dominant disease showed poor response to RTX. This 
finding suggests that RTX can be eliminated from the clinicians’ 
arsenal when encountering IgA-dominant pemphigoid patients; 
however, future studies are required for confirmation. RTX 
showed to be relatively safe. Prospective comparative studies are 
needed to further determine the position of RTX in the therapeu-
tic algorithm for pemphigoid diseases.

aUThOr cOnTribUTiOns

All authors contributed to the design of the work. AL and HIE 
performed the data acquisition. AL performed the data analysis 
and all authors contributed to the interpretation of the data. 
Drafting the work was done by AL. All authors revised the 
work critically for important intellectual content and all finally 
approved the version to be published.

sUPPleMenTarY MaTerial

The Supplementary Material for this article can be found online at 
http://www.frontiersin.org/articles/10.3389/fimmu.2018.00248/
full#supplementary-material.

reFerences

1. Schmidt E, Zillikens D. Pemphigoid diseases. Lancet (2013) 381(9863):320–32. 
doi:10.1016/S0140-6736(12)61140-4 

2. Amber KT, Murrell DF, Schmidt E, Joly P, Borradori L. Autoimmune subepi-
dermal bullous diseases of the skin and mucosae: clinical features, diagnosis, 
and management. Clin Rev Allergy Immunol (2018) 54:26–51. doi:10.1007/
s12016-017-8633-4 

3. Joly P, Baricault S, Sparsa A, Bernard P, Bédane C, Duvert-Lehembre S, et al. 
Incidence and mortality of bullous pemphigoid in France. J Invest Dermatol 
(2012) 132(8):1998–2004. doi:10.1038/jid.2012.35 

4. Chan LS, Ahmed AR, Anhalt GJ, Bernauer W, Cooper KD, Elder MJ, et al. 
The first international consensus on mucous membrane pemphigoid: 

definition, diagnostic criteria, pathogenic factors, medical treatment, and 
prognostic indicators. Arch Dermatol (2002) 138(3):370–9. doi:10.1001/
archderm.138.3.370 

5. Guide SV, Marinkovich MP. Linear IgA bullous dermatosis. Clin Dermatol 
(2001) 19(6):719–27. doi:10.1016/S0738-081X(00)00185-1 

6. Gottlieb J, Ingen-Housz-Oro S, Alexandre M, Grootenboer-Mignot S, 
Aucouturier F, Sbidian E, et  al. Idiopathic linear IgA bullous dermatosis: 
prognostic factors based on a case series of 72 adults. Br J Dermatol (2017) 
177(1):212–22. doi:10.1111/bjd.15244 

7. Feliciani C, Joly P, Jonkman MF, Zambruno G, Zillikens D, Ioannides D, 
et al. Management of bullous pemphigoid: the European dermatology forum 
consensus in collaboration with the European academy of dermatology and 
venereology. Br J Dermatol (2015) 172(4):867–77. doi:10.1111/bjd.13717 

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
http://www.frontiersin.org/articles/10.3389/fimmu.2018.00248/full#supplementary-material
http://www.frontiersin.org/articles/10.3389/fimmu.2018.00248/full#supplementary-material
https://doi.org/10.1016/S0140-6736(12)61140-4
https://doi.org/10.1007/s12016-017-8633-4
https://doi.org/10.1007/s12016-017-8633-4
https://doi.org/10.1038/jid.2012.35
https://doi.org/10.1001/archderm.138.3.370
https://doi.org/10.1001/archderm.138.3.370
https://doi.org/10.1016/S0738-081X(00)00185-1
https://doi.org/10.1111/bjd.15244
https://doi.org/10.1111/bjd.13717


8

Lamberts et al. RTX in Pemphigoid Diseases

Frontiers in Immunology | www.frontiersin.org February 2018 | Volume 9 | Article 248

8. Joly P, Roujeau JC, Benichou J, Picard C, Dreno B, Delaporte E, et  al. A 
comparison of oral and topical corticosteroids in patients with bullous 
pemphigoid. N Engl J Med (2002) 346(5):321–7. doi:10.1056/NEJMoa011592 

9. Kirtschig G, Middleton P, Bennett C, Murrell DF, Wojnarowska F,  
Khumalo NP. Interventions for bullous pemphigoid. Cochrane Database Syst 
Rev (2010) 10:CD002292. doi:10.1002/14651858.CD002292.pub3 

10. Williams HC, Wojnarowska F, Kirtschig G, Mason J, Godec TR, Schmidt E, 
et  al. Doxycycline versus prednisolone as an initial treatment strategy for 
bullous pemphigoid: a pragmatic, non-inferiority, randomised controlled 
trial. Lancet (2017) 389(10079):1630–8. doi:10.1016/S0140-6736(17)30560-3 

11. Grantham HJ, Stocken DD, Reynolds NJ. Doxycycline: a first-line treatment 
for bullous pemphigoid? Lancet (2017) 389(10079):1586–8. doi:10.1016/
S0140-6736(17)30549-4 

12. Kalinska-Bienias A, Lukowska-Smorawska K, Jagielski P, Kowalewski C, 
Wozniak K. Mortality in bullous pemphigoid and prognostic factors in 1st 
and 3rd year of follow-up in specialized centre in Poland. Arch Dermatol Res 
(2017) 309(9):709–19. doi:10.1007/s00403-017-1772-x 

13. Sadik CD, Zillikens D. Current treatments and developments in pemphigoid 
diseases as paradigm diseases for autoantibody-driven, organ-specific auto-
immune diseases. Semin Hematol (2016) 53(Suppl 1):S51–3. doi:10.1053/j.
seminhematol.2016.04.015 

14. Reff ME, Carner K, Chambers KS, Chinn PC, Leonard JE, Raab R, et  al. 
Depletion of B cells in vivo by a chimeric mouse human monoclonal antibody 
to CD20. Blood (1994) 83(2):435–45. 

15. Gurcan HM, Keskin DB, Stern JN, Nitzberg MA, Shekhani H, Ahmed AR.  
A review of the current use of rituximab in autoimmune diseases. Int 
Immunopharmacol (2009) 9(1):10–25. doi:10.1016/j.intimp.2008.10.004 

16. Pescovitz MD. Rituximab, an anti-cd20 monoclonal antibody: history and mech-
anism of action. Am J Transplant (2006) 6(5 Pt 1):859–66. doi:10.1111/j.1600- 
6143.2006.01288.x 

17. Joly P, Maho-Vaillant M, Prost-Squarcioni C, Hebert V, Houivet E, Calbo S,  
et  al. First-line rituximab combined with short-term prednisone versus 
prednisone alone for the treatment of pemphigus (ritux 3): a prospective, 
multicentre, parallel-group, open-label randomised trial. Lancet (2017) 
389(10083):2031–40. doi:10.1016/S0140-6736(17)30070-3 

18. Cho YT, Chu CY, Wang LF. First-line combination therapy with rituximab and 
corticosteroids provides a high complete remission rate in moderate-to-severe 
bullous pemphigoid. Br J Dermatol (2015) 173(1):302–4. doi:10.1111/bjd.13633 

19. Rubsam A, Stefaniak R, Worm M, Pleyer U. Rituximab preserves vision 
in ocular mucous membrane pemphigoid. Expert Opin Biol Ther (2015) 
15(7):927–33. doi:10.1517/14712598.2015.1046833 

20. Heelan K, Walsh S, Shear NH. Treatment of mucous membrane pemphigoid 
with rituximab. J Am Acad Dermatol (2013) 69(2):310–1. doi:10.1016/j.
jaad.2013.01.046 

21. Maley A, Warren M, Haberman I, Swerlick R, Kharod-Dholakia B, Feldman R. 
Rituximab combined with conventional therapy versus conventional therapy 
alone for the treatment of mucous membrane pemphigoid (MMP). J Am Acad 
Dermatol (2016) 74(5):835–40. doi:10.1016/j.jaad.2016.01.020 

22. Shetty S, Ahmed AR. Critical analysis of the use of rituximab in mucous 
membrane pemphigoid: a review of the literature. J Am Acad Dermatol (2013) 
68(3):499–506. doi:10.1016/j.jaad.2012.10.018 

23. Kasperkiewicz M, Shimanovich I, Ludwig RJ, Rose C, Zillikens D, Schmidt E.  
Rituximab for treatment-refractory pemphigus and pemphigoid: a case 
series of 17 patients. J Am Acad Dermatol (2011) 65(3):552–8. doi:10.1016/j.
jaad.2010.07.032 

24. Schmidt E, Seitz CS, Benoit S, Brocker EB, Goebeler M. Rituximab in auto-
immune bullous diseases: mixed responses and adverse effects. Br J Dermatol 
(2007) 156(2):352–6. doi:10.1111/j.1365-2133.2006.07646.x 

25. Lourari S, Herve C, Doffoel-Hantz V, Meyer N, Bulai-Livideanu C, Viraben R, 
et al. Bullous and mucous membrane pemphigoid show a mixed response to 
rituximab: experience in seven patients. J Eur Acad Dermatol Venereol (2011) 
25(10):1238–40. doi:10.1111/j.1468-3083.2010.03889.x 

26. Le Roux-Villet C, Prost-Squarcioni C, Alexandre M, Caux F, Pascal F, Doan S, 
et al. Rituximab for patients with refractory mucous membrane pemphigoid. 
Arch Dermatol (2011) 147(7):843–9. doi:10.1001/archdermatol.2011.54 

27. Sitaru C, Thiel J. The need for markers and predictors of rituximab treatment 
resistance. Exp Dermatol (2014) 23(4):236–7. doi:10.1111/exd.12331 

28. Buch MH, Smolen JS, Betteridge N, Breedveld FC, Burmester G, Dörner T, 
et al. Updated consensus statement on the use of rituximab in patients with 

rheumatoid arthritis. Ann Rheum Dis (2011) 70(6):909–20. doi:10.1136/
ard.2010.144998 

29. Murrell DF, Marinovic B, Caux F, Prost C, Ahmed R, Wozniak K, et  al. 
Definitions and outcome measures for mucous membrane pemphigoid: 
recommendations of an international panel of experts. J Am Acad Dermatol 
(2015) 72(1):168–74. doi:10.1016/j.jaad.2014.08.024 

30. Murrell DF, Daniel BS, Joly P, Borradori L, Amagai M, Hashimoto T, et al. 
Definitions and outcome measures for bullous pemphigoid: recommen-
dations by an international panel of experts. J Am Acad Dermatol (2012) 
66(3):479–85. doi:10.1016/j.jaad.2011.06.032 

31. Smolen JS, Keystone EC, Emery P, Breedveld FC, Betteridge N, Burmester 
GR, et al. Consensus statement on the use of rituximab in patients with rheu-
matoid arthritis. Ann Rheum Dis (2007) 66(2):143–50. doi:10.1136/ard.2006. 
061002 

32. Horvath B, Huizinga J, Pas HH, Mulder AB, Jonkman MF. Low-dose 
rituximab is effective in pemphigus. Br J Dermatol (2012) 166(2):405–12. 
doi:10.1111/j.1365-2133.2011.10663.x 

33. Cianchini G, Lupi F, Masini C, Corona R, Puddu P, De Pita O. Therapy with 
rituximab for autoimmune pemphigus: results from a single-center observa-
tional study on 42 cases with long-term follow-up. J Am Acad Dermatol (2012) 
67(4):617–22. doi:10.1016/j.jaad.2011.11.007 

34. National Cancer Institute. Common Terminology Criteria for Adverse Events 
v4.0. NCI, NIH, DHHS. NIH publication # 09-7473. (2009)

35. Kolesnik M, Becker E, Reinhold D, Ambach A, Heim MU, Gollnick H, et al. 
Treatment of severe autoimmune blistering skin diseases with combination 
of protein A immunoadsorption and rituximab: a protocol without initial 
high dose or pulse steroid medication. J Eur Acad Dermatol Venereol (2014) 
28(6):771–80. doi:10.1111/jdv.12175 

36. Foster CS, Chang PY, Ahmed AR. Combination of rituximab and intravenous 
immunoglobulin for recalcitrant ocular cicatricial pemphigoid: a preliminary 
report. Ophthalmology (2010) 117(5):861–9. doi:10.1016/j.ophtha.2009. 
09.049 

37. Ahmed AR, Shetty S, Kaveri S, Spigelman ZS. Treatment of recalcitrant 
bullous pemphigoid (BP) with a novel protocol: a retrospective study with a 
6-year follow-up. J Am Acad Dermatol (2016) 74(4):700.e–8.e. doi:10.1016/j.
jaad.2015.11.030 

38. Oktem A, Akay BN, Boyvat A, Kundakci N, Erdem C, Bostancı S, et al. Long-
term results of rituximab-intravenous immunoglobulin combination therapy 
in patients with epidermolysis bullosa acquisita resistant to conventional 
therapy. J Dermatolog Treat (2017) 28(1):50–4. doi:10.1080/09546634.2016.
1179711 

39. Murrell DF, Dick S, Ahmed AR, Amagai M, Barnadas MA, Borradori L, 
et  al. Consensus statement on definitions of disease, end points, and ther-
apeutic response for pemphigus. J Am Acad Dermatol (2008) 58(6):1043–6. 
doi:10.1016/j.jaad.2008.01.012 

40. He Y, Shimoda M, Ono Y, Villalobos IB, Mitra A, Konia T, et al. Persistence 
of autoreactive IgA-secreting B  cells despite multiple immunosuppressive 
medications including rituximab. JAMA Dermatol (2015) 151(6):646–50. 
doi:10.1001/jamadermatol.2015.59 

41. Mei HE, Frölich D, Giesecke C, Loddenkemper C, Reiter K, Schmidt S, 
et al. Steady-state generation of mucosal IgA+ plasmablasts is not abrogated 
by B-cell depletion therapy with rituximab. Blood (2010) 116(24):5181–90. 
doi:10.1182/blood-2010-01-266536 

42. Sharma VK, Bhari N, Gupta S, Sahni K, Khanna N, Ramam M, et  al. 
Clinical efficacy of rituximab in the treatment of pemphigus: a retro-
spective study. Indian J Dermatol Venereol Leprol (2016) 82(4):389–94. 
doi:10.4103/0378-6323.174379 

43. Bhattacharjee R, De D, Handa S, Minz RW, Saikia B, Joshi N. Assessment 
of the effects of rituximab monotherapy on different subsets of circulating 
T-regulatory cells and clinical disease severity in severe pemphigus vulgaris. 
Dermatology (2016) 232(5):572–7. doi:10.1159/000448031 

44. Leshem YA, David M, Hodak E, Waitman DA, Vardy D, Israeli M, et al. A pro-
spective study on clinical response and cell-mediated immunity of pemphigus 
patients treated with rituximab. Arch Dermatol Res (2014) 306(1):67–74. 
doi:10.1007/s00403-013-1355-4 

45. Kim JH, Kim YH, Kim MR, Kim SC. Clinical efficacy of different doses 
of rituximab in the treatment of pemphigus: a retrospective study of 27 
patients. Br J Dermatol (2011) 165(3):646–51. doi:10.1111/j.1365-2133.2011. 
10411.x 

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1056/NEJMoa011592
https://doi.org/10.1002/14651858.CD002292.pub3
https://doi.org/10.1016/S0140-6736(17)30560-3
https://doi.org/10.1016/S0140-6736(17)30549-4
https://doi.org/10.1016/S0140-6736(17)30549-4
https://doi.org/10.1007/s00403-017-1772-x
https://doi.org/10.1053/j.seminhematol.2016.04.015
https://doi.org/10.1053/j.seminhematol.2016.04.015
https://doi.org/10.1016/j.intimp.2008.10.004
https://doi.org/10.1111/j.1600-
6143.2006.01288.x
https://doi.org/10.1111/j.1600-
6143.2006.01288.x
https://doi.org/10.1016/S0140-6736(17)30070-3
https://doi.org/10.1111/bjd.13633
https://doi.org/10.1517/14712598.2015.1046833
https://doi.org/10.1016/j.jaad.2013.01.046
https://doi.org/10.1016/j.jaad.2013.01.046
https://doi.org/10.1016/j.jaad.2016.01.020
https://doi.org/10.1016/j.jaad.2012.10.018
https://doi.org/10.1016/j.jaad.2010.07.032
https://doi.org/10.1016/j.jaad.2010.07.032
https://doi.org/10.1111/j.1365-2133.2006.07646.x
https://doi.org/10.1111/j.1468-3083.2010.03889.x
https://doi.org/10.1001/archdermatol.2011.54
https://doi.org/10.1111/exd.12331
https://doi.org/10.1136/ard.2010.144998
https://doi.org/10.1136/ard.2010.144998
https://doi.org/10.1016/j.jaad.2014.08.024
https://doi.org/10.1016/j.jaad.2011.06.032
https://doi.org/10.1136/ard.2006.061002
https://doi.org/10.1136/ard.2006.061002
https://doi.org/10.1111/j.1365-2133.2011.10663.x
https://doi.org/10.1016/j.jaad.2011.11.007
https://doi.org/10.1111/jdv.12175
https://doi.org/10.1016/j.ophtha.2009.09.049
https://doi.org/10.1016/j.ophtha.2009.09.049
https://doi.org/10.1016/j.jaad.2015.11.030
https://doi.org/10.1016/j.jaad.2015.11.030
https://doi.org/10.1080/09546634.2016.1179711
https://doi.org/10.1080/09546634.2016.1179711
https://doi.org/10.1016/j.jaad.2008.01.012
https://doi.org/10.1001/jamadermatol.2015.59
https://doi.org/10.1182/blood-2010-01-266536
https://doi.org/10.4103/0378-6323.174379
https://doi.org/10.1159/000448031
https://doi.org/10.1007/s00403-013-1355-4
https://doi.org/10.1111/j.1365-2133.2011.10411.x
https://doi.org/10.1111/j.1365-2133.2011.10411.x


9

Lamberts et al. RTX in Pemphigoid Diseases

Frontiers in Immunology | www.frontiersin.org February 2018 | Volume 9 | Article 248

46. Wang HH, Liu CW, Li YC, Huang YC. Efficacy of rituximab for pemphigus: 
a systematic review and meta-analysis of different regimens. Acta Derm 
Venereol (2015) 95(8):928–32. doi:10.2340/00015555-2116 

47. Hammers CM, Stanley JR. Mechanisms of disease: pemphigus and bullous 
pemphigoid. Annu Rev Pathol (2016) 11:175–97. doi:10.1146/annurev-pathol- 
012615-044313 

Conflict of Interest Statement: MJ received a grant from Castle Creek and hono-
raria from Roche/Genentech. The authors declare that the research was conducted 

in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

Copyright © 2018 Lamberts, Euverman, Terra, Jonkman and Horváth. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, pro-
vided the original author(s) and the copyright owner are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.2340/00015555-2116
https://doi.org/10.1146/annurev-pathol-
012615-044313
https://doi.org/10.1146/annurev-pathol-
012615-044313
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Effectiveness and Safety of Rituximab in Recalcitrant Pemphigoid Diseases
	Introduction
	Materials and Methods
	Treatment Regimes
	Statistical Analysis

	Results
	Patient Population
	Effectiveness of First Course of RTX
	Comparison of Treatment Regimes
	Response in the Different Pemphigoid Subtypes
	Immunological Findings
	Relapses
	Safety
	B Cell Depletion

	Discussion
	Author Contributions
	Supplementary Material
	References


