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IMPORTANCE Rituximab and short-term corticosteroid therapy are the criterion standard
treatments for patients with newly diagnosed moderate to severe pemphigus.

OBJECTIVE To examine factors associated with short-term relapse in patients with pemphigus
treated with rituximab.

DESIGN, SETTING, AND PARTICIPANTS This post hoc analysis of a randomized clinical trial
(Comparison Between Rituximab Treatment and Oral Corticosteroid Treatment in Patients
With Pemphigus [RITUX 3]) conducted from January 1, 2010, to December 31, 2015, included
patients from 20 dermatology departments of tertiary care centers in France from the RITUX
3 trial and 3 newly diagnosed patients treated according to the trial protocol. Data analysis
was performed from February 1 to June 30, 2019.

EXPOSURE Patients randomly assigned to the rituximab group in the RITUX 3 trial and the 3
additional patients were treated with 1000 mg of intravenous rituximab on days 0 and 14 and
500 mg at months 12 and 18 combined with a short-term prednisone regimen.

MAIN OUTCOMES AND MEASURES Baseline (pretreatment) clinical and biological
characteristics (Pemphigus Disease Area Index [PDAI] score, ranging from 0-250 points, with
higher values indicating more severe disease) and changes in anti–desmoglein (DSG) 1 and
anti-DSG3 values as measured by enzyme-linked immunosorbent assay during the 3 months
after rituximab treatment were compared between patients with disease relapse and those
who maintained clinical remission during the first 12 months after treatment. The positive and
negative predictive values of these factors were calculated.

RESULTS Among 47 patients (mean [SD] age, 54.3 [17.0] years; 17 [36%] male and 30 [64%]
female) included in the study, the mean (SD) baseline PDAI score for patients with relapsing
disease was higher than that of the patients with nonrelapsing disease (54 [33] vs 28 [24];
P = .03). At month 3, 7 of 11 patients with relapsing disease (64%) vs 7 of 36 patients with
nonrelapsing disease (19%) had persistent anti-DSG1 antibody values of 20 IU/mL or higher
and/or anti-DSG3 antibody values of 130 IU/mL or higher (P = .01). A PDAI score of 45 or
higher defining severe pemphigus and/or persistent anti-DSG1 antibody values of 20 IU/mL or
higher and/or anti-DSG3 antibody values of 130 IU/mL or higher at month 3 provided a
positive predictive value of 50% (95% CI, 27%-73%) and a negative predictive value of 94%
(95% CI, 73%-100%) for the occurrence of relapse after rituximab.

CONCLUSIONS AND RELEVANCE The findings suggest that initial PDAI score and changes in
anti-DSG antibody values after the initial cycle of rituximab might help differentiate a
subgroup of patients with high risk of relapse who might benefit from maintenance rituximab
infusion at month 6 from a subgroup of patients with low risk of relapse who do not need
early maintenance therapy.
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P emphigus is a rare, life-threatening autoimmune blis-
tering disease that involves the skin and mucosa in
which pathogenic IgG antibodies are directed against

desmosomal transmembrane glycoproteins: desmoglein (DSG)
3 and 1.1-6 Initial severity of skin and oral mucous membrane
lesions is correlated with anti-DSG1 and anti-DSG3 antibody
levels, respectively.7 High-dose oral corticosteroids that are
sometimes associated with immunosuppressive drugs (aza-
thioprine and mycophenolate mofetil) have been the main-
stay of treatment for a long time.8-15

In the past decade, more than 1000 patients with severe
recalcitrant or relapsing cases of pemphigus have been treated
with rituximab, an anti-CD20 monoclonal antibody. The effi-
cacy and safety of rituximab as first-line treatment in pa-
tients with moderate to severe forms of pemphigus have been
recently demonstrated in a large randomized clinical trial (Com-
parison Between Rituximab Treatment and Oral Corticoste-
roid Treatment in Patients With Pemphigus [RITUX 3]) in which
90 patients were randomly assigned to receive a standard regi-
men of corticosteroids vs rituximab associated with a short-
term corticosteroid regimen.16 In that trial, the 2-year rate of
complete remission while not receiving therapy was 89% in
the rituximab arm vs 34% in the standard corticosteroid arm.
After 24 months of follow-up, 11 relapses (23%) occurred in the
rituximab arm vs 20 relapses (46%) in the standard cortico-
steroid regimen arm. Relapses have been consistently re-
ported in the literature in patients who received an initial cycle
of rituximab without maintenance infusions during their
disease.17-21 In the RITUX 3 trial, only 3 of the 11 relapses (27%)
in the rituximab group occurred after the 2 maintenance in-
fusions at months 12 and 18, whereas 8 of 11 relapses (73%) oc-
curred between months 6 and 12, which might suggest a clini-
cal benefit of a first maintenance infusion at month 6 in some
patients.

The aims of the present study were to evaluate factors as-
sociated with short-term relapse of pemphigus and to iden-
tify a subgroup of patients who might benefit from an addi-
tional infusion of rituximab at month 6 after the initial cycle
of rituximab. Because of the cost and immunosuppressive ef-
fect of rituximab, the identification of factors associated with
early relapse may inform the risk and benefit considerations
of an additional infusion of rituximab and its use only in pa-
tients with a high risk of relapse.

Methods
Study Design and Participants
This secondary analysis of a randomized clinical trial uses
data obtained from patients from 20 dermatology depart-
ments of tertiary care centers in France in the rituximab
group of the RITUX 3 trial, conducted from January 1, 2010,
to December 31, 2015, and from 3 patients with newly diag-
nosed pemphigus who underwent first-line treatment with
rituximab according to the same regimen outside the RITUX
3 trial. Patients with newly diagnosed pemphigus were
treated with 1 infusion of 1000 mg of intravenous rituximab
on days 0 and 14 and 1 infusion of 500 mg at months 12 and

18 combined with a short-term prednisone regimen (0.5
mg/kg daily for moderate pemphigus and 1 mg/kg daily for
severe pemphigus). At the time of the study, classification
of pemphigus severity was based on the criteria of Harman
et al.7 Severe pemphigus was defined as skin involvement of
more than 5% of the body surface area, significant mucosal
involvement defined as more than 10 mucosal erosions, dif-
fuse gingivitis or confluent large erosions, or involvement of
2 or more mucosal sites. The initial prednisone dose was
maintained for 1 month and thereafter gradually reduced
after achievement of disease control, with the aim to stop
prednisone therapy after 3 months in patients with moder-
ate pemphigus and after 6 months in patients with severe
pemphigus. Data analysis was performed from February 1 to
June 30, 2019. The CPP Nord-Ouest Ethics Committee
approved the study. All patients provided written informed
consent.

Clinical and Immunologic Settings
Clinical data (age, sex, body mass index [calculated as
weight in kilograms divided by height in meters squared],
and pemphigus type) and pemphigus severity were
recorded from patients’ case report forms and patients’
medical files. Baseline pemphigus severity was assessed
using the Pemphigus Disease Area Index (PDAI) score.22

This score was created by a panel of international experts to
provide an objective measurement of pemphigus activity.23

It takes into account the number of skin and mucosal
lesions, their extent, and the number of anatomical skin and
mucosal areas involved. The PDAI activity score ranges from
0 to 250 points (120 points for skin, 10 for scalp, and 120 for
mucosal activity). Cutoff values of 15 and 45 points have
been proposed to define mild, moderate, and severe types
of the disease.22 The PDAI score has high interrater reliabil-
ity and is therefore a robust tool to accurately assess pem-
phigus activity.24 A relapse was defined as the reappearance

Key Points
Question What are the factors associated with short-term relapse
in patients with pemphigus who receive rituximab as first-line
therapy?

Findings This post hoc analysis of a randomized clinical trial that
included 47 patients treated with rituximab as first-line therapy
identified 2 factors associated with early relapse: a baseline
Pemphigus Disease Area Index score of 45 or higher
corresponding to severe pemphigus, and persistent
anti–desmoglein 1 antibody enzyme-linked immunosorbent assay
level greater than 20 IU/mL and/or anti–desmoglein 3 antibody
enzyme-linked immunosorbent assay level greater than 130 IU/mL
3 months after rituximab treatment. These factors had a positive
predictive value of 50% and a negative predictive value of 94% for
the occurrence of early relapse.

Meaning The findings suggest that these 2 factors might help
differentiate a subgroup of patients with high risk of relapse who
might benefit from maintenance rituximab infusion at month 6
from a subgroup of patients with low risk of relapse who do not
need early maintenance therapy.
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of at least 3 new lesions in a month that did not heal sponta-
neously within 1 week.23 Short-term relapse was defined as
a relapse that occurred during the first year after the initial
cycle of rituximab.

Anti-DSG1 and anti-DSG3 antibody values were mea-
sured using a commercially available DSG enzyme-linked
immunosorbent assay (ELISA) (EUROIMMUN Desmoglein
test, Medizinische Labordiagnostika) according to the
manufacturer’s instructions. Blood samples were collected
on days 0, 30, 90, 180, 270, and 360. Peripheral blood
mononuclear cells were isolated from whole blood by Ficoll-
Paque gradients (GE Healthcare Lifescience) and cryopre-
served. The phenotype of the peripheral blood mono-
nuclear cells was determined by flow cytometry with
monoclonal antibodies against CD19 phycoerythrin, CD4
electron-coupled dye, CD3 phycoerythrincyanin 5, and CD8
fluorescein isothiocyanate (Beckman Coulter) for T and
B cells and CD4 peridinin chlorophyll protein, CD25
phycoerythrin, and CD127 fluorescein isothiocyanate (eBio-
science, Becton Dickinson, and Beckman Coulter) for
regulatory T cells. B cells were defined as CD19+, T cells
were defined as CD3+CD4+, and regulatory T cells as
CD4+CD25hiCD127low. Rituximab serum concentrations
were measured using a commercially available ELISA
(LISA-TRACKER Duo Rituximab, Theradiag) on days 30, 60,
90, and 180 after initial treatment with rituximab.

Statistical Analysis
To determine factors associated with short-term relapse
after rituximab therapy, we compared baseline (pretreat-
ment) clinical characteristics of age, sex, type of pemphigus
(pemphigus vulgaris vs pemphigus foliaceus), type of
involvement (skin, mucosal, or both), and PDAI severity
score between patients who maintained complete remission
for the first year of treatment and those who experienced
disease relapse during the first year after the initial cycle of
rituximab. Then we compared the evolution of anti-DSG1
and anti-DSG3 antibody values during the 6-month period
after rituximab treatment between patients who maintained
complete remission and those who experienced disease
relapse during the first year.

To determine the sensitivity, specificity, and positive
and negative predictive values of anti-DSG antibodies and
PDAI score, we used previously published cutoff values.
The cutoff value for the PDAI score differentiating severe
from nonsevere pemphigus was determined from the study
conducted by Boulard et al22 (severe pemphigus was
defined by a PDAI score ≥45).22 According to the study by
Abasq et al,25 cutoff values of 130 IU/mL for anti-DSG3 anti-
bodies and 20 IU/mL for anti-DSG1 antibodies were used
because they provide high positive predictive values (84%
for anti-DSG3 and 79% for anti-DSG1) and negative predic-
tive values (81% for anti-DSG3 and 84% for anti-DSG1) for
the occurrence of mucosal and skin relapses.25 To evaluate
these cutoff values from the literature on the present series
of patients with pemphigus, a receiver operating character-
istic curve was calculated. A cutoff value of 20 IU/mL for
anti-DSG1 antibodies and 120 IU/mL for anti-DSG3 antibod-

ies gave optimal sensitivity and specificity. These cutoff val-
ues were equal for anti-DSG1 antibodies (20 vs 20 IU/mL)
and close for anti-DSG3 (120 vs 130 IU/mL) to those reported
by Abasq et al.25 Positive and negative predictive values of
factors associated with relapse were calculated based on the
23% rate of relapse observed in patients assigned to the
rituximab arm in the RITUX 3 trial.

We also compared rituximab serum concentrations de-
pending on time (from day 14 to day 180) between patients with
relapsing and nonrelapsing disease (area under the concen-
tration-time curve) by the trapezoidal method (Prism soft-
ware, version 7; GraphPad Software Inc). We compared the pro-
portions of B cells, CD4 T cells, and regulatory T cells between
patients with relapsing and nonrelapsing disease from base-
line to the month 6 evaluation using Prism software (2-way
analysis of variance with Sidak posttest).

The Fisher exact test was used to compare qualitative vari-
ables, and the t test or Mann-Whitney test was used to com-
pare quantitative variables. For all tests, 2-sided P < .05 was
considered to be statistically significant. All analyses were per-
formed with R statistical software, version 3.5.1 (R Founda-
tion for Statistical Computing).

Results
Baseline Characteristics and Clinical Course
A total of 47 patients (mean [SD] age, 54.3 [17.0] years; 17 [36%]
male and 30 [64%] female) were treated with rituximab plus
short-term oral prednisone. Forty-four of these patients were
included in the RITUX 3 trial, and the other 3 patients were
treated with the same regimen of rituximab plus short-term
oral prednisone after the end of the RITUX 3 study.

During the 12 months after the initial infusion of 2 g of ri-
tuximab, 11 of the 47 patients (23%; 95% CI, 13%-39%) expe-
rienced relapse, including 2 patients with pemphigus folia-
ceus and 9 patients with pemphigus vulgaris, after a median
delay of 219 days (interquartile range, 154-277 days). All re-
lapses occurred after month 6. There were 6 mucosal, 3 cuta-
neous, and 2 mucocutaneous disease relapses.

Mean (SD) age (50.10 [18.12] vs 55.58 [16.34] years;
P = .30), sex (5 [45.5%] male and 6 [54.5%] female vs 12
[33.3%] male and 24 [66.7%] female; P = .49), mean (SD)
body mass index (24.9 [3.9] vs 24.8 [3.7]; P = .37), type of
pemphigus (9 [81.8%] vs 31 [86.1%] with pemphigus
vulgaris vs 2 [18.2%] vs 5 [13.9%] with pemphigus foliaceus;
P = .66), and median (range) delay between disease onset
and first rituximab infusion (94 [35-563] days vs 112
[2-1604] days for cutaneous involvement, P = .47 vs 84
[27-324] days vs 123 [14-605] days for mucosal involvement,
P = .75) were not significantly different between patients
with disease relapse vs those without relapse (Table).
Patients with disease relapse had an initially more severe
pemphigus than those without relapse (mean [SD] baseline
PDAI score, 54 [33] vs 28 [24]; P = .03) (Table). Accordingly,
6 of the 11 patients with disease relapse (55%) had severe
pemphigus (baseline PDAI score ≥45) vs 5 of the 36 patients
without relapse (14%) (P = .01).
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Anti-DSG Antibodies
Mean anti-DSG1 values decreased from 257 IU/mL at baseline
to 20 IU/mL at month 3 and 7 IU/mL at month 6, and mean anti-
DSG3 values decreased from 850 IU/mL at baseline to 88 IU/mL
at month 3 and 38 IU/mL at month 6 (Figure 1). To identify a
subgroup of patients with a higher relapse risk who could
benefit from a first maintenance infusion of rituximab at month
6, we compared the mean anti-DSG1 and anti-DSG3 antibody
levels at baseline and at the month 3 evaluation between the
subgroups of patients with relapsing and nonrelapsing
disease.

Mean (SD) anti-DSG1 antibody values were not signifi-
cantly higher in patients with relapsing disease compared with
those with ongoing remission at baseline (520 [747] IU/mL vs
245 [280] IU/mL; P = .28) and month 3 (46 [76] IU/mL vs 16 [42]
IU/mL; P = .28). Similar findings were observed for anti-DSG3
antibodies at baseline (1444 [1525] IU/mL vs 914 [1114] IU/mL;
P = .35) and month 3 (193 [280] IU/mL vs 80 [133] IU/mL;
P = .27).

B and T Cells
B Cells
At baseline, patients who had disease relapse had a higher mean
percentage of CD19+ B cells than did patients with nonrelaps-
ing disease (22.11% vs 9.80%; P < .001) (Figure 2A). Complete
B-cell depletion was observed in patients with relapsing and
nonrelapsing disease at the month 1 evaluation after ritux-
imab treatment. At month 6, the frequency of B cells was still
close to 0 in patients with relapsing and nonrelapsing disease
(0.07% vs 0.16%; P > . 99).

T Cells
The mean percentage of CD4+ T cells measured from baseline
to month 6 was not significantly different between patients

with relapsing and nonrelapsing disease (Figure 2B). The per-
centage of CD25hi CD127low regulatory T cells at baseline was
higher in patients without disease relapse than in those with
disease relapse (5.71% vs 2.91%, P < .001). However, the dif-
ference between the 2 subgroups was no longer statistically
significant after rituximab treatment (month 6: 4.7% vs 3.6%,
P = .35) (Figure 2C).

Rituximab Serum Concentrations
Rituximab serum concentrations in samples measured from
day 30 to day 180 were not significantly different between pa-
tients with relapsing and nonrelapsing disease (area under the
curve: 3056 [95% CI, 2261-3851] vs 3062 [95% CI, 1956-
4168]) (Figure 3).

Factors Associated With Relapse
At baseline, a PDAI score of 45 or higher (corresponding to se-
vere pemphigus) had a positive predictive value of 55% (95%
CI, 23%-83%) for the occurrence of a relapse during the 12-
month period after the initial cycle of rituximab treatment. Pa-
tients with a PDAI score less than 45 had a high negative pre-
dictive value (86%; 95% CI, 71%-95%) for the absence of
relapse.

At month 3, according to the study by Abasq et al,25 cut-off
values of 130 IU/mL for anti-DSG3 antibodies and 20 IU/mL for
anti-DSG1 antibodies were used because they provide high posi-
tive predictive values (84% for anti-DSG3 and 79% for anti-DSG1)
and negative predictive values (81% for anti-DSG3 and 84% for
anti-DSG1) for the occurrence of mucosal and skin
relapses. At month 3, 7 of the 11 patients with disease relapse
(64%) had antibody values higher than 20 IU/mL for anti-DSG1
and/or 130 IU/mL for anti-DSG3 vs 7 of the 36 patients (19%) who
had persistent clinical remission (P = .01).

Table. Baseline Clinical Characteristics of Patients With Relapsing and Nonrelapsing Diseasea

Characteristic

Relapsing Disease (N = 47)

P ValueYes No
Patients 11 (23.4) 36 (76.6) NA

Age, mean (SD), y 50.10 (18.12) 55.58 (16.34) .30

Sex

Male 5 (45.5) 12 (33.3) .49

Female 6 (54.5) 24 (66.7)

BMI, mean (SD) 24.9 (3.9) 24.8 (3.7) .37

Type of pemphigus

Vulgaris 9 (81.8) 31 (86.1) .66

Foliaceus 2 (18.2) 5 (13.9)

Initial presentation

Mucosal 1 (9.1) 8 (22.2) .66

Cutaneous 2 (18.2) 6 (16.7) >.99

Mucocutaneous 8 (72.7) 22 (61.1) .72

PDAI score, mean (SD) 54.41 (33.3) 28.5 (23.9) .03

Delay between disease onset
and first rituximab infusion, median (range), d

Cutaneous involvement 94 (35-563) 112 (2-1604) .47

Mucosal involvement 84 (27-324) 123 (14-605) .75

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
NA, not applicable; PDAI, Pemphigus
Disease Area Index.
a Data are presented as number

(percentage) of patients unless
otherwise indicated.
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This set of 2 criteria (ie, baseline PDAI score ≥45 and/or per-
sistent anti-DSG1 antibody levels ≥20 IU/mL and/or anti-
DSG3 antibody levels ≥130 IU/mL) 3 months after the initial
cycle of rituximab provided a sensitivity of 91% (95% CI, 59%-
100%), a specificity of 60% (95% CI, 39%-79%), a positive pre-
dictive value of 50% (95% CI, 27%-73%), and a negative pre-
dictive value of 94% (95% CI, 73%-100%) for the occurrence
of a relapse after the initial cycle of rituximab treatment.

Discussion
This study identified 2 factors associated with short-term re-
lapse after initial treatment with rituximab: the initial PDAI
score, which reflects the severity of pemphigus, and the evo-
lution of anti-DSG antibody values 3 months after the initial
cycle of rituximab. These findings are important because ri-
tuximab has been recently approved as first-line treatment of
moderate to severe pemphigus.26 The set of criteria identi-
fied in the present study provided a 50% positive predictive
value. Assuming that a maintenance infusion of rituximab at
month 6 would be consistently effective, our results suggest
the possibility of treating 2 patients with a maintenance infu-
sion of rituximab at month 6 to avoid relapse in 1 patient. Con-
versely, the 94% negative predictive value indicates that a
maintenance infusion of rituximab could be avoided in ap-
proximately half of the patients treated with first-line therapy.
Avoiding early relapse after an initial cycle of rituximab is also
important because 20% of patients experienced relapse be-
tween months 6 and 12 in a clinical trial,16 whereas only a few
relapses (3 of 11) occurred between month 12 and the end of
the study at month 24.

The PDAI score was reported as an easy-to-use and ro-
bust tool to accurately assess pemphigus severity, with high
interrater reliability and good correlation over time with other
markers of pemphigus severity.22,24 Our findings suggest that
initial pemphigus severity might be associated with early
relapse after first-line treatment with rituximab because pa-
tients with disease relapse had a 2-fold higher baseline PDAI
severity score compared with patients without disease re-
lapse during the 12-month period after the initial cycle of ri-
tuximab. Patients with a PDAI score of 45 or higher had a posi-
tive predictive value of 55% for the occurrence of a relapse
during the year after the initial infusion of rituximab, whereas
those with a PDAI score less than 45 had an 86% negative pre-
dictive value for the absence of relapse after rituximab therapy.

A change in anti-DSG1 and, to a lesser degree, anti-DSG3
antibody levels has been reported to correlate with the course
of pemphigus skin and mucosal lesions.7,25,27,28 Despite the fact
that the number of circulating B lymphocytes was close to 0
from 3 to 6 months after the initial cycle of rituximab treat-
ment in patients with and without disease relapse, we ob-
served that patients with relapse had higher anti-DSG1 and anti-
DSG3 antibody levels at the month 3 evaluation than did those
without relapse after rituximab therapy. This time point was
chosen because it is often used by practitioners to assess the
epithelialization of skin and mucosal lesions after the delay of
action of rituximab and because measurement of anti-DSG an-

tibodies at month 3 allows a new, early infusion of rituximab
to be scheduled if necessary.

Owing to the poor specificity of anti-DSG3 antibody level,
we used cutoff values corresponding to 20 IU/mL for
anti-DSG1 and 130 IU/mL for anti-DSG3, which have been re-
ported to provide high positive and negative predictive val-
ues for the occurrence of skin and mucosal relapses,
respectively.25 These cutoff values were close to those that we
calculated using a receiver operating characteristic curve. The
persistence of anti-DSG1 antibody values of 20 IU/mL or higher
and/or anti-DSG3 antibody values of 130 IU/mL or higher at the
month 3 evaluation provided a positive predictive value of 50%
and a negative predictive value of 88%, which were close to
those calculated from the initial PDAI score. Despite the dif-
ference between baseline anti-DSG1 and anti-DSG3 antibody
values not reaching statistical significance, which was likely
related to the low number of patients with relapse, the mean
baseline anti-DSG1 and anti-DSG3 antibody values from pa-
tients with disease relapse (520 anti-DSG1 antibodies and 1444
anti-DSG3 antibodies) were almost twice as high as those ob-
served in patients without relapse (245 anti-DSG1 antibodies
and 914 anti-DSG3 antibodies). Additional studies are needed
to validate whether baseline anti-DSG1 and anti-DSG3 anti-
body values are a significant indicator of relapse.

Figure 1. Anti–Desmoglein (DSG) 1 and Anti-DSG3 Antibody Values
During the 24-Month Period After Initial Treatment With Rituximab
in Patients With Relapsing and Nonrelapsing Disease
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arrows, relapses; and error bars, SDs.
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We assessed changes in peripheral blood B lymphocyte
counts after treatment with rituximab because early B-cell re-
covery has been reported to precede the occurrence of a clini-
cal relapse in some autoimmune diseases, in particular rheu-
matoid arthritis.29-31 We observed that at baseline, the mean
percentage of peripheral blood CD19+ B cells was higher in pa-
tients with disease relapse than in those who maintained clini-
cal remission. However, the significance of this finding is un-
certain because we were not able to record patients’ blood cell
counts and therefore were unable to determine the absolute
number of blood B lymphocytes. Nevertheless, patients with
relapsing and nonrelapsing disease had complete B-cell deple-
tion during the first 3 months after rituximab treatment.

The CD4+ T-cell frequency was not different between pa-
tients with relapsing and nonrelapsing disease in our study, un-
like the study by Albers et al,31 which found that relapses were
associated with a lower number of circulating CD4+ T cells.
However, in that study, T-cell counts were measured in pa-
tients previously treated with corticosteroids and or immu-
nosuppressants, which induce T-cell lymphopenia; thus, one
may hypothesize that the lower rate of CD4 T cells observed

in patients with relapsing disease from their study was at least
partly associated with the cumulative dose of corticosteroids
and/or immunosuppressants previously received by these pa-
tients. Conversely, in the present study, a higher frequency of
regulatory T cells was found in patients with nonrelapsing dis-
ease compared with those with relapsing disease, which is in
accordance with regulatory mechanisms previously de-
scribed in autoimmune diseases.32 Differences in serum con-
centrations of rituximab between patients with relapsing and
nonrelapsing disease also were not found, which is in accor-
dance with the absence of an association between the detec-
tion of rituximab human antichimeric antibodies and the oc-
currence of relapses reported in a recent study.33

The interest of using multiple infusions of rituximab dur-
ing the initial phase of treatment34 or as maintenance therapy
has been suggested in previous studies.35,36 Sanchez et al36 re-
ported that maintenance infusions of rituximab (1 g every 6
months) for patients with clinical remission until negative se-
rum anti-DSG antibody titers was associated with the main-
tenance of long-lasting complete remission, with good
tolerance.36 Although there is increasingly more evidence that
maintenance therapy with rituximab is useful to maintain com-
plete remission, the exact modalities of this maintenance
therapy remain to be determined. However, despite the short-
term tolerance of these maintenance regimens using mul-
tiple infusions of rituximab appearing to be good, the use of
repeated infusions of rituximab beyond 4 cycles may be costly
and may be associated with prolonged B-cell depletion that is
probably avoidable in some patients.

The rapid tapering of corticosteroid doses, which was
planned in the protocol to demonstrate the interest of first-
line treatment with rituximab, may have been associated with
the occurrence of relapses after 6 months, which in addition
corresponded to the time of B-cell recovery. Many clinical data
are available from dermatologists to support the rapid taper-
ing of corticosteroid doses without rituximab leading to a high
rate of relapses, justifying the progressive tapering of cortico-
steroid doses (and consequently the high cumulative doses of
corticosteroids); this treatment strategy was widely recom-
mended in the treatment of pemphigus before the use of ri-
tuximab. Nevertheless, despite this rapid tapering of cortico-

Figure 2. Frequencies of CD19+ B Cells, CD4+ T Cells, and Regulatory T (Treg) Cells in Peripheral Blood Lymphocytes During Follow-up
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Figure 3. Comparison of Rituximab Serum Concentrations
Between Patients With Relapsing and Nonrelapsing Disease
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steroid doses, the relapse rate in the rituximab arm was twice
as low as that observed in the standard corticosteroid arm (24%
vs 45%), in which patients were initially prescribed high cor-
ticosteroid doses that were then progressively tapered.

Limitations
The main limitation of our study was the low number of pa-
tients with relapsing disease. However, the present study was
a post hoc analysis of a randomized clinical trial that was pri-
marily designed to assess the rate of complete remission while
not undergoing therapy, and the relapse rate was a secondary
end point. Despite the number of patients with short-term re-
lapse being low (n = 8), this number corresponds to almost 20%
of patients receiving rituximab as first-line therapy. Thus, the
potential prevention of these relapses is a major consider-
ation to take into account in the treatment of patients with pem-
phigus. Nevertheless, we cannot exclude the possibility that
the low number of patients with relapsing disease might not
have led to the identification of other factors associated with

relapse. This study focused on short-term relapses, which can
be considered another limitation. We are currently studying
the long-term outcomes in patients from the RITUX 3 trial and
have observed that two-thirds of patients who experienced a
long-term relapse previously had a short-term relapse within
the first 12 months after the start of rituximab treatment, thus
reinforcing interest in identifying those patients with the high-
est risk of short-term relapse to offer them a maintenance in-
fusion of rituximab at month 6.

Conclusions
The presence of at least 1 of the 2 factors associated with re-
lapse of pemphigus may help identify a group of patients with
high risk for relapse who may benefit from a maintenance in-
fusion of rituximab at month 6. Additional studies are needed
to determine the optimal doses of maintenance therapy with
rituximab.
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