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Introduction

Abstract

Background Pediatric pemphigus is a rare bullous disease that represents a diagnostic
and therapeutic challenge; evidence on patients’ response to various treatments and
long-term surveillance data are lacking. We aimed to investigate pediatric pemphigus
patients’ characteristics, diagnosis, therapeutics, response, and long-term follow-up.
Methods This is a retrospective study of all pemphigus patients aged <18 years,
diagnosed between 2000 and 2023, from three tertiary medical centers in Israel. The
diagnosis was confirmed by positive immunofluorescence.

Results Twelve pediatric pemphigus patients were included (mean age 10.7 + 4.3 years,
male:female ratio 1:1). Mean diagnostic delay was 11.1 + 12.6 months (range 1.8—

36 months). Most patients had pemphigus vulgaris with mucosal involvement (58.3%).
First-line treatment for all patients included systemic corticosteroids (sCS), with a treatment
duration (including tapering down) of 28 + 18.4 months. Hospitalization did not yield better
outcomes. Only three patients achieved sustained complete response with sCS treatment
(25.0%), and the rest required additional therapeutics, most commonly rituximab.
Rituximab showed a good safety profile and therapeutic response. Follow-up was recorded
up to 18.1 years after diagnosis (mean: 5.6 years). Three of five patients with information
available more than 5 years after the pemphigus diagnosis still exhibited disease
symptoms.

Conclusions Pediatric pemphigus is associated with a significant diagnostic delay. While
sCS can induce remission in most patients as a first-line treatment, long-term disease
control requires additional immunomodulators. Long-term follow-up reveals a chronic yet
mostly benign disease course in this population and advocates for the use of rituximab in
pediatric pemphigus patients.

Although pemphigus is most commonly seen in adults, it can
also affect children, with an estimated incidence of eight cases per

Pemphigus is a rare, autoimmune blistering disease affecting the
skin and mucous membranes. It is characterized by the presence
of circulating autoantibodies directed against desmogleins (in most
cases), which are the adhesion molecules responsible for maintain-
ing the integrity of intercellular junctions in the epidermis and muco-
sal epithelia. The resulting loss of cell-to-cell adhesion leads to the
formation of flaccid blisters and erosions that are prone to second-
ary infection and may cause significant morbidity and mortality.

© 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC

on behalf of the International Society of Dermatology.

million per year." With only 1.4%-2.9% of all pemphigus vulgaris
(PV) cases consisting of patients younger than 12 years, pediatric
pemphigus is a diagnostic and therapeutic challenge.® Further-
more, it often presents with atypical clinical and histological
features.* Thus, the diagnosis of pediatric pemphigus is often sub-
stantially delayed.>® Given the infrequency of pediatric pemphi-
gus, with most of the evidence on the disease provided from case
reports and small case series, response rates to various
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treatments are not well characterized. Moreover, long-term sur-
veillance of patients for disease recurrence is lacking.

Usually, the first line of treatment in pemphigus is high-dose
systemic corticosteroid (sCS).” Recent advances in our under-
standing of the pathogenesis of pemphigus have led to the use
of novel targeted therapies, such as rituximab, a monoclonal
antibody directed against CD20-positive B lymphocytes, which
has been shown to induce remission in refractory cases of pem-
phigus in both adults and children.®® However, the optimal
management of pediatric pemphigus remains uncertain, and fur-
ther studies are needed to elucidate the natural history, com-
mon diagnostic pitfalls, prognostic factors, and treatment
outcomes of this disease in the pediatric population. A better
understanding of the long-term trajectory of pediatric pemphigus
may enhance disease management and optimize therapeutic
interventions while also allowing improved patient education.

In this retrospective study, we aim to provide a detailed
report of the presentation, diagnosis, and treatment of a cohort
encompassing 12 pediatric pemphigus patients from three out-
patient pediatric dermatology clinics with up to 18 years of
follow-up after the initial symptoms.

Materials and methods

This is a retrospective cohort study including all patients aged
<18 years who were diagnosed with PV or foliaceous (PF) in
outpatient clinics of three tertiary medical centers in Israel
between 2000 and 2023: Schneider Children’s Medical Center,
Sheba Medical Center, and Emek Medical Center. The study
was conducted in accordance with the Declaration of Helsinki
and approved by the Institutional Review Board (or Ethics
Committee) of all participating medical centers. PV and PF
diagnosis was established clinically and supported by pathology
and immunofluorescence studies. The following data were
retrieved from patients’ files after Institutional Review Board
approval: age, gender, ethnicity, clinical manifestations and
distribution, comorbidities, delay since first signs of disease
and pemphigus diagnosis, treatments (including drug name and
dosing regimen), adverse events, response, and last follow-up
visit.

Data were transferred to Microsoft Office Excel and subjected
to statistical analysis by the StatPlus statistical package
software (StatPlus Prov.7, AnalystSoft Inc., Walnut, CA, USA).
Categorical variables were compared using the chi-square test,
with P < 0.05 considered significant. A two-sided t-test was
used for numerical data.

Results

Patient characteristics

Twelve pediatric pemphigus patients from three different pediat-
ric dermatology outpatient hospital clinics were included in this
cohort (Table 1). Patients included in the cohort were diagnosed
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with pemphigus between 2005 and 2021. The mean age was
10.7 + 4.3 years at the time of diagnosis, and the male to
female ratio was 1:1. Two patients were of Arab origin, and the
rest were Jewish. Only one patient had a positive family history
of pemphigus—a paternal cousin with PV. Two patients had
attention deficit and hyperactivity disorder (ADHD), one patient
had a history of asthma with no recent activity of the disease,
and one patient had a history of macrohematuria but negative
workup for a membranous kidney disease prior to pemphigus
symptom initiation.

Pemphigus diagnosis

The mean duration of diagnosis delay from first symptoms to
pemphigus diagnosis was almost a year (11.1 + 12.6 months,
range—1.8-36 months; Table 1). Most patients had PV (eight
patients/66.7%) with mucosal involvement (seven patients/
58.3%) (Figure 1), of which only two patients had exclusively
mucosal lesions (oral and anal). The oral mucosa was most
commonly involved (in six patients/50.0%). Ocular or anal
lesions were recorded in one patient each. Four patients
(33.3%) were diagnosed with PF. Alternative diagnoses until a
definite diagnosis of pemphigus was established included impe-
tigo or impetiginized atopic dermatitis (two patients), cutaneous
manifestation of FMF, Behcet disease, linear IgA disease,
cutaneous manifestation of suspected systemic lupus erythema-
tosus, Crohn’s disease or aphthous stomatitis, mucous mem-
brane pemphigoid (MMP), and epidermolysis bullosa acquisita
(EBA) (one patient for each of these diagnoses). The diagnosis
was supported by a characteristic skin biopsy showing supraba-
silar intraepidermal acantholysis in most patients and by posi-
tive immunofluorescence in all patients. The pathology of the
PF patient with herpetiformis morphology presented no acantho-
lysis with an intradermal blister coupled with positive direct and
indirect immunofluorescence testing, as previously reported for
this pediatric pemphigus subtype.'®

Treatment

The first line of treatment for all patients included sCS, with
dosing ranging from 1 mg/kg/day (10/12 of patients) to
2 mg/kg/day (equivalent to prednisone). Half of the patients
were hospitalized for the initiation of high-dose sCS therapy for
remission induction and close monitoring. The patients treated
with the higher 2 mg/kg/day dosing (two patients with PV) were
among those hospitalized, while 6/10 patients treated with
1 mg/kg/day were closely monitored in an outpatient clinic set-
ting. Adverse events related to this treatment included weight
gain and acne (3/25.0% of patients for each), striae, moon face,
and sleep/mood disturbances (2/16.7% of patients for each),
one patient with short stature (suspected as a related adverse
event), and one patient with telogen effluvium (8.3% for each).
The overall duration of sCS treatment (any dose, including
tapering down) was 2818.4 months, with two patients still trea-
ted with an ongoing low-dose sCS regimen. The mean duration
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Table 1 Patient demographics
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Diagnosis sCS Tx F/U from Disease

Pt Diagnosis/ Age at delay Differential  duration #2 line #3 line diagnosis activity® on

number Gender type diagnosis (months) diagnosis (months) treatment treatment (months) last F/U

1 F PF 9.3 4.8 NA 45 IVIG AZA 126.4 No

2 F PF 9.1 1.8 NA 36 71.0 Yes

3 M PV/MC 4.2 3.6 Impetigo 12 23.1 Yes

4 F PV/MC 11.9 26.0 Aphtous 42 RTX 191.7 No
stomatitis

5 M PV/C 6.6 2.0 Impetigo 6 11.1 No

6 M PV/M 13.5 24.4 Behcet Ongoing RTX 97.6 Yes
disease

7 F PF? 5.9 2.0 Linear IgA 18 Dapsone  RTX 23.8 Yes
disease

8 M PF 17.0 5.0 SLE Ongoing AZA 30.6 Yes

9 M PV/M 12.0 36.0 Aphtosis, 20 Dapsone 19.3 No
Crohn’s
disease

10 F PV/MC 15.0 2.0 FMF 60 RTX 68.6 No

11 M PV/MC 16.6 2.0 NA NA Dapsone Mycophenolate 4.0 No

mofetil
12 F PV/MC 7.0 24.0 MMP, EBA 13 Dapsone RTX 23.4 No

Abbreviations: AZA, azathioprine; C, cutaneous; EBA, epidermolysis bullos acquisita; FMF, familial Mediterranean fever; F/U, follow-up; M,
mucosal; MC, mucocutaneous; MMP, mucous membrane pemphigoid; NA, not available; PF, pemphigus foliaceus; PV, pemphigus vulgaris;
RTX, rituximab; sCS, systemic corticosteroids; SLE, systemic lupus erythematosus; Tx, treatment.

®Herpetiformis phenotype.
PContinued active treatment.

of treatment was shorter in PF patients (25.5 + 21.0 months)
as compared with PV patients (33.0 £ 13.7 months), but the
difference was not significant (P = 0.59). Treatment duration
was not associated with age or delay in diagnosis. There was
also no association between hospitalization and sCS treatment
duration and no difference in sCS-related adverse events
across hospitalized patients and those treated in outpatient
clinics. Overall, only three patients achieved complete and sus-
tained response on exclusive sCS treatment (25.0%), and the
rest of the patients were treated with additional therapeutics to
achieve disease remission.

Five patients were treated with rituximab (41.7%) as the sec-
ond (in three patients) or third line (in two patients, after
sCS + dapsone) of treatment (Table 2). Almost all patients trea-
ted with rituximab had PV with mucosal involvement, except
one with PF with substantial skin involvement and a herpetifor-
mis morphology. This patient was also the youngest patient
treated with rituximab in our cohort, starting the treatment at the
age of 6.5 years. There was no statistically significant difference
in mean age between those treated with rituximab and those
treated with complete remission on other immunomodulators/
steroid-sparing drugs. All patients treated with rituximab started
this treatment after being treated with sCS for at least 1 year.
Three of five patients achieved complete remission after two to
three doses of rituximab, and two patients needed continued
concomitant therapies due to partial response. Of note, one of

© 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC
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the patients presenting partial response was treated with rituxi-
mab as an adult (age 28.3 years) after a prolonged disease
course from childhood (started rituximab treatment 14 years
after disease diagnosis). All patients were treated with two con-
secutive doses on Days 1 and 15, but the amount of rituximab
per dose varied across patients (Table 2). No rituximab-related
adverse events were recorded.

Additional second-line treatments included dapsone (four
patients, response them),
azathioprine (two patients, induced complete response as a

induced complete in one of
monotherapy in one patient, and in the other patient, concomi-
tant low-dose sCS was continued), IVIG (one patient with PV,
overall four infusions—with no sufficient response), and myco-
phenolate mofetil (one patient, induced partial response with
continued low-dose sCS treatment; Table 1). Of these treat-
ments, only one patient discontinued the drug due to adverse
events (cyanosis and dyspnea due to dapsone treatment), and
the rest discontinued treatment due to complete or insufficient
response.

Long-term follow-up and recurrence

The maximum duration of follow-up from symptom initiation was
18.1 years (mean: 5.6 + 5.2 years), and the maximum duration
from pemphigus  diagnosis  was 16 years  (mean:
4.8 + 4.7 years). Of the five patients who were followed up for
more than 5 years from disease initiation, three patients still

International Journal of Dermatology 2024, 63, 1755-1760
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Pt 2 (PF)
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Figure 1 Clinical manifestations of pediatric pemphigus in Patients (Pt) 1, 2, 4, 5, and 6 (based on Table 1). PF, pemphigus foliaceus; PV,

pemphigus vulgaris

Table 2 Rituximab-treated patients

Age at
rituximab Duration of disease  # of rituximab
Pt initiation before rituximab doses (mg per Rituximab
number® Gender (years) (months) dose)® response
F 28.3 168.3 2 (1000 mg) PR
6 M 15.8 1.2 2 (500 mg) PR
7 F 6.5 9.7 2 (345 mg) CR
10 F 15.9 9.7 3 (1000 mg) CR
12 F 7.3 6.1 2 (500 mg) CR

Abbreviations: CR, complete response; PR, partial response.
#Based on Table 1.

®Two doses were given on Days 1 and 15. A third dose was given to Patient 10, 3.5 years

after previous doses due to disease relapse.

had symptoms indicative of active disease (Patients 2, 3,
and 6).

During the follow-up period, only one patient initiated a sec-
ond course of high-dose sCS treatment (Patient 3), which was
relatively short (2 months), a year after remission induction by a
first course of sCS (with no additional treatments). The rest of
the patients were maintained on various therapeutics, including
low-dose sCS, rituximab, and azathioprine.

International Journal of Dermatology 2024, 63, 1755-1760

Until the end of the follow-up period, no new comorbidities
were detected in our cohort. One patient had a significant learn-
ing disability and severe ADHD that were recorded as a poten-
tial long-term consequence of her PV, as reported in their
medical records. The rest of the patients had no new reported
pemphigus treatment-related adverse events necessitating addi-
tional therapeutics or designated medical care during the
long-term follow-up period.

© 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC
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Discussion

Pemphigus, a rare autoimmune blistering disease, is often diffi-
cult to diagnose and treat, with even more significant therapeu-
tic challenges in the pediatric population. Moreover, only a
limited number of studies provide long-term evidence on pediat-
ric pemphigus course,” while 41.6% of the patients in our cohort
had a follow-up of at least 5 years after disease initiation.

Consistent with prior findings, PV was more prevalent than
PF,"2° the mean age was 10.7 years, and the male to female
ratio was 1:1."" In contrast to a previous report primarily includ-
ing adult pemphigus patients from Israel, the distribution of Jew-
ish to Arab patients in our pediatric cohort was similar to the
ratio of these major ethnic groups in the general Israeli
population. '?

Common differential diagnoses (or misdiagnoses) included
other bullous/erosive dermatoses, such as impetigo, linear IgA,
Behcet disease, EBA, and MMP among others, resulting in an
average delay in diagnosis of almost 1 year from symptom initia-
tion (11.1 £ 12.6 months). This delay is slightly longer than
those previously reported, ranging from 6 to 9 months (in oral
autoimmune  vesiculobullous  diseases'®'* and pediatric
pemphigus®). Nevertheless, in our cohort, in line with a previous
report by Metry et al.,° delays in disease diagnosis did not corre-
late with an extended treatment duration or any other outcomes.

While osteoarthritis, renal failure, hypothyroidism, and weight
loss were previously reported as comorbidities in solid associa-
tion with pediatric pemphigus,2 comorbidities in our cohort
included ADHD and learning disability, asthma, and asymptom-
atic macrohematuria. The variety of reported comorbidities
across cohorts could be attributed to the heterogeneity of the
disease in pediatric patients, as could be appreciated by the rel-
atively wide age range and clinical manifestations.

For all patients, the first line of treatment included sCS with a
dosing regimen of 1-2 mg/kg/day, yet complete response was
induced in only three patients (25.0%) using sCS monotherapy.
As previously reported,® PF patients responded faster than PV
patients, but the difference was insignificant. Half of our patients
started high-dose sCS treatment while hospitalized for close
monitoring of adverse events and therapeutic response, but
most of the patients in the cohort were treated with a dose
equivalent to 1 mg/kg/day prednisone at outpatient clinics with
similar overall treatment duration, outcomes, and adverse
events as hospitalized patients. These findings raise the ques-
tion of whether hospitalization of pediatric pemphigus patients in
all cases is clinically beneficial.

Dapsone was the most prevalent steroid-sparing agent used
as the second line of treatment. Nevertheless, only one patient
responded thoroughly to dapsone and did not require further
therapeutic interventions. This response rate is considerably
lower than previously reported in adult PV and PF patients
(ranging 83.6%-55.6%),"'>'® potentially implying lower efficacy
for dapsone in pediatric pemphigus patients.

© 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC
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On the other hand, most patients (3/5) achieved complete
response with rituximab after the first two doses. These results
are aligned with the outcomes reported by Kianfar et al. and
Vinay et al.,'”"'® and are slightly lower than response rates found
in a recent literature review.'® These findings suggest that the
use of the two-dose rituximab protocol regimen (as given in our
cohort, on Days 1 and 15, also known as the rheumatoid arthritis
protocol) may be appropriate for pediatric pemphigus cohorts,
although some reported administration of the lymphoma 4-week
protocol in this population.22! Of note, while a 375 mg/m? dose
is generally recommended in the pediatric literature, rituximab
dosing widely varied in our study, and due to the small cohort, no
clear trends between regimens and response were detected.
Additionally, a patient with PF and a pemphigus herpetiformis
morphology, which is more common in pediatric patients® and
often responds well to sCS and dapsone,??2® failed to achieve
remission on these treatments and was eventually successfully
treated with rituximab. While infusion reactions, angioedema,
reduction in peripheral B-cell counts, and the onset of sepsis are
the most commonly reported adverse events in pediatric pemphi-
gus patients treated with rituximab, such adverse events were
not recorded in our cohort.'®

Long-term follow-up demonstrated that most pediatric
patients will present persistent yet manageable disease without
needing a second high-dose sCS course to induce remission. In
contrast to data from adult patients,>* most of the patients with
follow-up information available more than 5 years after diagno-
sis continued to exhibit signs of disease activity (including two
patients treated with rituximab), presenting an overall chronic
course in pediatric patients. Given the potentially severe
adverse events with long-term sCS usage in children, including
delayed puberty, reduced bone density, susceptibility to severe
infections, increased body weight, insulin resistance, growth
suppression and short stature, and more,?® our results may
suggest that rituximab should be a first-line treatment for pediat-
ric pemphigus. Of note, long-term rituximab usage in the
pediatric population had shown an overall acceptable safety
profile for other indications, with no increase in adverse events
with more treatment courses nor a higher cumulative dose.?®

In conclusion, pediatric pemphigus is a rare disease that rep-
resents a diagnostic challenge and, thus, a significant delay in
diagnosis. While high-dose sCS was the first line of treatment
in all patients, most patients advanced to steroid-sparing thera-
peutics, and hospitalization did not yield better outcomes
for patients treated with a 1 mg/kg/day dosing. Our extended
follow-up data portray pediatric pemphigus as a chronic disease
that could be well controlled (after remission induction) with
low-dose sCS and steroid-sparing therapeutics and advocate
for the use of rituximab in pediatric pemphigus patients. These
findings underscore the importance of long-term planning
for pediatric pemphigus patients to consider the potential impli-
cations of prolonged immunomodulation on patients’ health and
growth.
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