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Background: Rituximab provides more effective and less adverse effects than the standard 
dose of corticosteroids, but evidence on its efficacy and safety in the Thai population is 
lacking.
Objective: To evaluate the efficacy and safety of rituximab in the treatment of pemphigus 
and also to determine prognostic factors linked to the treatment outcomes.
Methods: Pemphigus patients who received rituximab from November 2017 to 
December 2020 were retrospectively reviewed. The outcome was evaluated by using early 
(end of consolidation phase [ECP]) and late endpoints (complete remission [CR] on/off 
therapy, immunological remission [IR], and relapse). Adverse events were noted. Prognostic 
factors associated with remission and relapse were analyzed.
Results: Of 53 pemphigus patients, all attained ECP within 1.61 months. Almost 80% 
achieved CR on therapy within a median time of 6.36 months, while 33.9% reached CR off 
therapy in 19.74 months. Nearly half had IR within a median time of 6.88 months. Relapse 
occurred in 33.3% with a median time of 14 months. In multivariate analysis, receiving 
rituximab within 12 months of disease duration was more likely to achieve CR off therapy 
and IR (hazard ratio [HR] 3.79; 95% confidence interval [CI] 1.38, 10.42; P = 0.01 and HR 
2.74; 95% CI 1.12, 6.69; P = 0.027, respectively), whereas older patients and positive anti- 
desmoglein 1 levels at the time of CR were predictive indicators for relapse (HR 1.07; 95% 
CI 1.01, 1.13; P = 0.036 and HR 4.38; 95% CI 1.24, 15.46; P = 0.022, respectively). The 
treatment-related adverse effects occurred in 33.9%.
Conclusion: Rituximab is effective and safe in Thai pemphigus patients. Early administra-
tion of rituximab was a predictor of clinical and immunological remission. Older age and 
persistently positive anti-Dsg1 were correlated with disease relapse.
Keywords: anti-CD20 monoclonal antibody, Asia, autoimmune bullous, pemphigus, 
rituximab

Introduction
Pemphigus is a potentially life-threatening chronic autoimmune bullous disease 
caused by autoantibodies directed against the cell surface protein, anti- 
desmogleins (Dsg).1–3 The disease is characterized by mucocutaneous blisters 
and erosions.4,5 Systemic corticosteroids have been considered as the traditional 
treatment of choice, as they have a high probability of decreasing the mortality 
rate.6,7 However, long-term use at a high dose is often required, resulting in 
potential adverse effects.8 The combination of systemic corticosteroids with 
other immunosuppressive agents, eg, azathioprine (AZA), mycophenolate mofetil 
(MMF), cyclophosphamide, cyclosporin, and methotrexate, has been proven to be 
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effective, as this approach possesses a steroid-sparing 
effect and may induce complete clinical remission in 
pemphigus.9–13 Nevertheless, the remission rate is not 
satisfactory, and a significant number of patients experi-
ence relapse following treatments. Intravenous immuno-
globulin and plasmapheresis have been employed in the 
treatment of autoimmune bullous disease, including 
pemphigus vulgaris; however, the results remain 
inconsistent.14–17

A major development in pemphigus treatment came 
with the use of rituximab, a chimeric monoclonal anti- 
CD20. Rituximab selectively acts on the CD20- 
expressing B-cells, which are known to secrete 
antibodies targeting Dsg. This has been an effective 
treatment for pemphigus and has a steroid-sparing 
effect.18–20 When used as the first-line treatment, ritux-
imab can provide a high clinical remission rate of 
approximately 70–80%, as reported in studies on 
Caucasians.21–23 A randomized clinical trial showed 
the superior outcome of rituximab plus short-term corti-
costeroids, compared to using corticosteroids alone.24 

As a result, rituximab has been approved by the US 
Food and Drug Administration and the European 
Academy of Dermatology and Venereology as a first- 
line treatment for moderate to severe pemphigus.25,26 

However, there is limited data regarding its use in 
Southeast Asia, and a consensus regarding the use of 
rituximab for Asian pemphigus patients is still lacking. 
Moreover, rituximab has not been widely used in 
Thailand, due to its unavailability and financial limita-
tions. Therefore, there is no information on the use of 
rituximab for Thai pemphigus patients.

Despite the evidence of the efficacy of rituximab, many 
important questions remain unanswered. The number and 
timing of a rituximab course; the most effective protocol; 
whether rituximab should be a first-line agent for pemphi-
gus patients, regardless of disease severity; and the dura-
tion of treatment all need to be ascertained. It is also 
important to know the critical predictors of disease 
relapse, as this information may determine the benefit of 
maintenance therapy. Thus far, information on the factors 
to indicate relapse remains sparse. This study aims to 
confirm the efficacy of using the recommended outcome 
parameters, along with the safety of rituximab in the 
treatment of Thai pemphigus patients. We also intend to 
determine the prognostic factors associated with remission 
and relapse.

Materials and Methods
Study Designs
This is a retrospective, single-center, cohort study con-
ducted at the Autoimmune Blistering Skin Disease 
Clinic, Division of Dermatology, Ramathibodi Hospital 
in Bangkok, Thailand. A uniform patient follow-up proto-
col was applied. The follow-up visits were scheduled 
twice monthly after the patients completed the first ritux-
imab cycle, then at 4, 6, and 8 months. Additional visits 
were scheduled every 2–4 months, depending on each 
patient’s clinical response and/or when needed. On each 
visit, the patient’s clinical data, Autoimmune Bullous Skin 
Disorder Intensity Score (ABSIS), Pemphigus Disease 
Area Index score (PDAI), concomitant medication and 
dosage, and adverse events were noted. Anti-Dsg 1/3 
enzyme-linked immunosorbent assays (ELISA) were mea-
sured at baseline before initiating rituximab and were 
reassessed at the 1st, 2nd, 4th, 6th, and 8th months after 
treatment. Our study was approved by the Mahidol 
University Review Board for Ethics in Human Research, 
according to Good Clinical Practice Guidelines and the 
provisions of the World Medical Association’s Declaration 
of Helsinki (MURA2020/1202). All procedures performed 
in our study involving human participants were in accor-
dance with the institutional research committee. Informed 
consent was exempted by the board because of the retro-
spective nature of this study. The data were anonymously 
analyzed.

Study Population
The medical records of consecutive pemphigus patients 
who were treated with rituximab at our clinic from 
November 2017-December 2020 were reviewed. The 
inclusion criteria were individuals aged > 15 years who 
were diagnosed as pemphigus vulgaris or pemphigus folia-
ceus, based on the typical clinical presentations, histo-
pathology, immunofluorescence studies, and/or ELISA 
for the anti-Dsg1 and anti-Dsg3. The exclusion criteria 
were pemphigus coexisting with other autoimmune dis-
eases, severe liver disease, pregnancy or lactation, incom-
plete rituximab treatment, and loss to follow-up.

Data Collection
From the electronic medical record system, we collected 
the patients’ baseline characteristics, disease duration, 
clinical presentations, and disease-severity assessment 
using their ABSIS or PDAI score at the beginning of the 
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therapy and on every subsequent visit.27,28 In accordance 
with a study by Kim et al,29 we categorized patients as 
being in either an early- or delayed-treatment group. The 
former group was defined as people who had rituximab 
treatment within the first 12 months of their disease. The 
latter group was comprised of those who received ritux-
imab after 12 months of having the disease. Concomitant 
corticosteroids and adjuvant therapy before and during the 
rituximab treatment were also noted. Anti-Dsg1 and anti- 
Dsg3 antibody values were longitudinally recorded. All 
patients received rituximab in accordance with either the 
lymphoma regimen (375/m2 weekly for four weeks) or the 
rheumatoid arthritis regimen (a 1000-mg infusion two 
weeks apart). We evaluated the patients at months 1, 2, 
4, 6, and 8 after the rituximab infusion and during addi-
tional visits. All adverse events were recorded.

Assessment of Treatment Response
The clinical outcomes of the rituximab treatment were 
evaluated based on the definitions of the disease- 
outcome parameters in the recent international consen-
sus and comprising the early and late endpoint.30 The 
early endpoint was defined as the end of the consolida-
tion phase (ECP: no new lesions have developed for 
a minimum of two weeks, and approximately 80% of 
the lesions have healed). The late endpoints were deter-
mined by; (1) complete remission (CR) on minimal 
therapy (CR on therapy : absence of new and/or estab-
lished lesions for at least two months while the patient 
is receiving prednisolone ≤ 10 mg/d and/or minimal 
adjuvant therapy); (2) CR off therapy (no new and/or 
established lesions while being off all systemic therapy 
for at least two months); and (3) 
immunological remission (IR: the time when 
a positive anti-Dsg1 and/or anti-Dsg3 have or has con-
verted to negative values, which are less than 20 RU 
[rat units]/mL). In addition, patients who have an 
extension of established lesions or more than three 
new lesions per month which do not heal sponta-
neously within a week after disease control were con-
sidered as relapse cases. The number of patients, the 
median time to achieve each endpoint (which is calcu-
lated from the first date of the rituximab infusion), and 
the median cumulative corticosteroids during each end-
point were also retrieved and analyzed. The median 
time to relapse was calculated from the first date of 
CR on therapy to the date of relapse.

Statistical Analysis
All data analyses were performed using Stata Version 14.0 
(Stata Corp, College Station, TX). Descriptive analysis 
was conducted to determine the distributions (mean with 
corresponding standard deviation or median with range 
and proportion for continuous and categorical variables, 
respectively). Regarding the treatment endpoint, the survi-
val analysis was estimated by using the Kaplan-Meier 
method. Univariate analysis was used to investigate the 
statistical associations between each endpoint and the vari-
ables, including one’s age at treatment and the baseline 
PDAI score as continuous data, whereas the pemphigus 
subtype, dosing regimen, disease duration before rituxi-
mab treatment, and the first-line treatment qualified as 
group data. We also added the level of anti-Dsg1/3 into 
the equation of predicting factors for relapse. The factors 
with a trend toward significance in univariate analysis 
were included in the multivariate logistic regression ana-
lysis (adjusting for all relevant confounding factors). Then, 
the results were reported as the hazard ratio (HR) and 
corresponding 95% confidence interval (CI). The Log 
rank test was used to compare the survival distributions 
between certain variables of interest. A p-value of less 
than 0.05 was considered statistically significant.

Results
Characteristics of the Patients and Their 
Clinical Course
Of the 55 pemphigus patients who had been treated with 
rituximab, one was excluded due to her overlapping with 
another autoimmune disease, and another person died 
before completing rituximab therapy. A total of 53 records 
were enrolled. There were 20 males and 33 females, with 
a mean age at treatment of 52.91 ± 15.25 years. In all, 
73.6% (n=39) were diagnosed as pemphigus vulgaris and 
26.4% (n=14) as pemphigus foliaceus, with a median dis-
ease duration before the first cycle infusion of 27.43 
(0.48–163.15) months. Approximately half of the patients 
presented with mucocutaneous lesions, while 37.7% 
(n=20) had cutaneous lesions only, and 13.2% (n=7) exclu-
sively had mucosal lesions. The median baseline PDAI 
and ABSIS scores were 13 (3–64) and 8.13 (1.25–50), 
respectively. The majority of our patients (79.2%, n=42) 
had moderate to severe pemphigus. Twenty-eight percent 
(n=15) of the individuals were in the early-rituximab- 
treatment group, while 71.7% (n=37) were in the delayed- 
treatment group. Fifteen percent (n=8) received rituximab 
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as the first-line therapy, and the remaining 84.9% (n=45) 
received it as a second- or third-line treatment. The base-
line anti-Dsg1 and anti-Dsg3 before initiating rituximab 
were positive in 77.4% (n=43) and 66% (n=35) of the 
patients, respectively. Concomitant prednisolone was 
administered to 86.8% (n=46) of the cases, while 77.4% 
(n=41) were given adjuvant drugs, including AZA, MMF, 
intravenous immunoglobulin, cyclophosphamide, and/or 
dapsone. The mean follow-up time after the first rituximab 
infusion was 14.92 ± 6.47 months. Seventeen patients 
(32.1%) had previous or past hepatitis B virus (HBV) 
infection (HBsAg-negative and anti-HBc-positive) and 
received antiviral prophylaxis to prevent HBV reactivation 
before they got the rituximab therapy. The clinical and 
immunological characteristics of our patients are presented 
in Table 1.

Clinical Response to Rituximab Therapy 
(Table 2)
All of the patients achieved ECP within a median duration 
of 1.61 months after the first infusion. Among those 
patients, 79.3% (n=42) reached CR on therapy over 
a median time of 6.36 months. Almost one-third (n=18) 
had CR off therapy within 19.74 months. However, 11.3% 
(n=6) of the patients who achieved CR on therapy could 
not discontinue prednisolone because they had steroid- 
withdrawal symptoms and/or adrenal insufficiency. IR 
was observed in 47.2% (n=25) of the cases, with 
a median time of 6.88 months.

The conversion of anti-Dsg1 from a positive to nega-
tive value occurred in 62.8% (n=27) of the patients over 
a median period of 4.13 months, while the conversion of 
anti-Dsg3 was shown in 53.9% of the cases within 6.52 
months. The mean cumulative doses of prednisolone cal-
culated, from the first day of rituximab infusion to the 
date that patients achieved outcome parameters, were 
560 mg, 1409.38 mg, 1770.45 mg, and 1346.5 mg for 
ECP, CR on therapy, CR off therapy, and IR, respectively. 
All patients gradually tapered their corticosteroids in 
accordance with the individual’s clinical response under 
an expert dermatologist’s management. Of the 42 patients 
who achieved CR on therapy after the initial cycle, 64.3% 
(n=27) remained in remission, with a mean follow-up 
period of 14.92 ± 6.47 months, whereas 33.3% (n=14) 
experienced relapse, with a median duration of 14 
months.

Table 1 Baseline Characteristics in All Patients

Characteristics (N = 53)

Gender, n (%)

● Male 20 (37.7)

● Female 33 (62.3)

Diagnosis, n (%)

● Pemphigus vulgaris 39 (73.6)

● Pemphigus foliaceus 14 (26.4)

Age at onset, mean, years ± SD (range) 48.64 ± 14.04 (17–74)

Age at treatment, mean, years ± SD (range) 52.91 ± 15.25 (17–75)

BMI, mean, kg/m2 ± SD 25.86 + 4.68

Underlying disease, n (%)

● Hypertension 17 (32.1)

● Diabetes mellitus 14 (26.4)

● Dyslipidemia 16 (30.2)

● Anemia 8 (15.1)

● Osteoporosis 9 (17.0)

● Past HBV infection 17 (32.1)

Disease duration before receiving rituximab, 

median, months (range)

27.43 (0.48–163.15)

Disease duration before receiving rituximab, n (%)

● ≤ 12 months (early treatment) 15 (28.3)

● >12 months (delayed treatment) 38 (71.7)

Lesion, n (%)

Cutaneous only 20 (37.7)

● Pemphigus vulgaris (cutaneous type) 6 (11.3)

● Pemphigus foliaceus 14 (26.4)

Mucosal only 7 (13.2)

Mucocutaneous 26 (49.1)

Baseline PDAI, median, (range) 13 (3–64)

Baseline ABSIS, median, (range) 8.16 (1.25–50)

Severity, n (%)
● Mild 11 (20.8)

● Moderate 33 (62.2)

● Severe 9 (17.0)

Patient category, n (%)
● First-line therapy 8 (15.1)

● Second or third-line therapy 45 (84.9)

Baseline anti-Dsg antibodies, n (%) Anti-Dsg1 Anti-Dsg3

< 20 U/mL 12 (22.6) 18 (33.9)

20–100 U/mL 10 (18.9) 7 (13.2)

101–200 U/mL 6 (11.3) 11 (20.8)

>200 U/mL 25 (47.2) 17 (32.1)

Follow-up time, mean, month ± SD (range) 14.92 ± 6.47

Abbreviations: ABSIS, Autoimmune Bullous Skin Disorder Intensity Score; Dsg-1, 
desmoglein-1; Dsg-3, desmoglein-3; HBV, hepatitis B virus; n, number of patients; 
PDAI, Pemphigus Disease Area Index; U, unit; SD, standard deviation.
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Assessment of the Prognostic Factors 
(Table 3)
Factors Associated with CR
In both the univariate and multivariate analyses, variables 
including the patient’s clinical characteristic, gender, age, 
pemphigus subtype, baseline PDAI score, baseline anti- 
Dsg1, anti-Dsg3, and concurrent immunosuppressants/ 
immunomodulators (ie, AZA, MMF, cyclophosphamide, 
dapsone) were not significantly related to CR. Likewise, 
there were no differences between the rheumatoid and 
lymphoma regimens (P = 0.110). However, univariate 
analysis showed that patients who had an early adminis-
tration of rituximab, in contrast to the delayed-treatment 
group, were more likely to achieve CR on and off therapy 
by 2.22-fold (HR 2.22; 95% CI 1.12, 4.41; P = 0.023) and 
3.14-fold (HR 3.14; 95% CI 1.20, 8.19; P = 0.020), 
respectively. Moreover, the early-treatment group required 
a shorter median duration to reach CR on therapy (5.77 vs 

7.31 months) and CR off therapy (14.13 months vs unable 
to calculate), as shown in Figure 1. A multivariate analysis 
repeatedly showed that patients with an early rituximab 
administration were more likely to reach CR off therapy, 
with statistical significance (HR 3.79; 95% CI 1.38, 10.42; 
P = 0.010). Pemphigus patients who received rituximab as 
the first-line therapy also achieved CR on therapy more 
than those who were given it as a second- or third-line 
treatment by 2.57-fold (HR 2.57; 95% CI 1.10, 6.04; P = 
0.030). The first-line treatment group reached CR on ther-
apy within a shorter median time than patients receiving 
rituximab as a second- or third-line approach (5.05 vs 6.66 
months), as shown in Figure 2. However, using rituximab 
as the first-line therapy did not have a correlation with 
a higher chance of attaining CR off therapy (P = 0.819).

Factors Associated with IR
In the univariate analysis, a statistical association was 
found between early treatment and IR. The early- 

Table 2 Treatment Response to Rituximab

Outcome (n) All (53) PV (39) PF (14)

ECP
Number, n (%) 53 (100) 39 (100) 14 (100)

Median time, month 1.61 1.61 1.61

Cumulative prednisolone, median, mg (range) 560 (0–2100) 580 (0–2100) 389.35 (0–1605)

CR on therapy
Number, n (%) 42 (79.3) 31 (79.5) 11 (78.6)

Median time, month 6.36 6.36 5.28

Cumulative prednisolone, median, mg (range) 1409.38 (0–4065) 1470 (0–4065) 1045.9 (0–3190)

CR off therapy

Number, n (%) 18 (34) 14 (35.9) 4 (28.6)
Median time, month 19.74 19.74 –

Cumulative prednisolone, median, mg (range) 1770.45 (0–5075) 1803.58 (0–5075) 1416.1 (0–3149.6)

Immunological remission (all)

Number, n (%) 25 (47.2) 20 (51.3) 5 (35.7)

Median time, month 6.88 6.52 -
Cumulative prednisolone, median, mg (range) 1346.5 (0–3555) 1347.63 (0–3555) 1045.9 (444.3–3190)

Immunological remission (anti- Dsg-1)
Number, n (%) 27/43 (62.8) 22/29 (75.9) 5 (35.7)

Median time, month 4.13 3.41 –

Immunological remission (anti-Dsg-3)

Number, n (%) – 21 (53.9) –

Median time, month – 6.52 –

Relapse

Number, n (%) 14 (33.3) 10 (32.3) 4 (36.4)
Median time, month 14 14 20.20

Abbreviations: Dsg-1, desmoglein-1; Dsg-3, desmoglein-3; n, number of patients; PF, pemphigus foliaceus; PV, pemphigus vulgaris.
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Table 3 Factors Associated with Disease Outcome

Clinical Remission on Therapy Univariate Multivariate

Factor Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Diagnosis
● Pemphigus vulgaris 1.01 (0.50, 2.01) 0.987 0.75 (0.32, 1.76) 0.508
● Pemphigus foliaceus 1 [Reference]

Age at treatment 1.00 (0.98, 1.02) 0.995 1.00 (0.98, 1.03) 0.811

PDAI baseline 1.00 (0.98, 1.03) 0.917 1.00 (0.97, 1.03) 0.886

Immunosuppressants/immunomodulators
● Yes 0.77 (0.37, 1.64) 0.509 - -
● No 1 [Reference]

Baseline anti-Dsg1
● < 20 U/mL 1 [Reference] -
● 20–200 U/mL 0.66 (0.30, 1.47) 0.310
● > 200 U/mL 0.63 (0.29, 1.35) 0.232

Baseline anti-Dsg3
● < 20 U/mL 1 [Reference] -
● 20–200 U/mL 1.05 (0.51, 2.19) 0.891
● > 200 U/mL 0.32 (0.43, 1.97) 0.837

Regimen
● Rheumatoid arthritis 2.16 (0.84, 5.56) 0.110 2.07 (0.75, 5.76) 0.162
● Lymphoma 1 [Reference]

Disease duration
● Early treatment (≤12 months) 2.22 (1.12, 4.41) 0.023* 1.78 (0.74, 4.27) 0.198
● Delayed treatment (>12 months) 1 [Reference]

Administration
● First-line therapy 2.57 (1.10, 6.04) 0.030* 1.63 (0.58,4.63) 0.355
● Second- or third-line therapy 1 [Reference]

Clinical Remission off Therapy Univariate Multivariate

Factor Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Diagnosis
● Pemphigus vulgaris 1.33 (0.43, 4.16) 0.620 1.66 (0.44, 6.20) 0.451
● Pemphigus foliaceus 1 [Reference]

Age at treatment 1.01 (0.98, 1.04) 0.554 1.02 (0.98, 1.06) 0.448

PDAI baseline 0.98 (0.92, 1.03) 0.418 0.96 (0.90, 1.02) 0.174

Immunosuppressants/immunomodulators
● Yes 1.86 (0.43, 8.12) 0.407 – –
● No 1 [Reference]

Baseline anti-Dsg1
● < 20 U/mL 1 [Reference] – –
● 20–200 U/mL 0.68 (0.19, 2.35) 0.538
● > 200 U/mL 0.80 (0.24, 2.59) 0.705

(Continued)
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Table 3 (Continued). 

Baseline anti-Dsg3
● < 20 U/mL 1 [Reference] – –
● 20–200 U/mL 1.02 (0.37, 2.86) 0.965
● > 200 U/mL 0.42 (0.11, 1.65) 0.216

Disease duration
● Early treatment (≤12 months) 3.14 (1.20, 8.19) 0.020* 3.79 (1.38, 10.42) 0.010*
● Delayed treatment (>12 months) 1 [Reference]

Administration
● First-line therapy 1.16 (0.33, 4.00) 0.819 – –
● Second- or third-line therapy 1 [Reference]

Immunological Remission Univariate Multivariate

Factor Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Diagnosis
● Pemphigus vulgaris 1.54 (0.58, 4.10) 0.388 1.26 (0.40, 3.98) 0.696
● Pemphigus foliaceus 1 [Reference]

Age at treatment 1.00 (0.97, 1.03) 0.928 1.0 (0.97, 1.03) 0.848

PDAI baseline 1.03 (1.01, 1.05) 0.029* 1.01 (0.99, 1.04) 0.296

Immunosuppressants/immunomodulators
● Yes 0.88 (0.35, 2.22) 0.793 – –
● No 1 [Reference]

Baseline anti-Dsg1
● < 20 U/mL 1 [Reference] – –
● 20–200 U/mL 0.75 (0.25, 2.22) 0.599
● > 200 U/mL 0.97 (0.36, 2.59) 0.956

Baseline anti-Dsg3
● < 20 U/mL 1 [Reference] – –
● 20–200 U/mL 2.25 (0.90, 5.61) 0.081
● > 200 U/mL 0.45 (0.13, 1.53) 0.198

Regimen
● Lymphoma dose 1 [Reference]
● Rheumatoid arthritis dose 0.83 (0.28, 2.41) 0.726 0.61 (0.19, 1.98) 0.411

Disease duration
● Early treatment (≤12 months) 2.93 (1.32, 6.50) 0.008* 2.74 (1.12, 6.69) 0.027*
● Delayed treatment (>12 months) 1 [Reference]

Administration
● First-line therapy 1.92 (0.72, 5.16) 0.195 – –
● Second- or third-line therapy 1 [Reference]

Relapse Univariate Multivariate

Factor Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Diagnosis
● Pemphigus vulgaris 0.90 (0.25, 3.28) 0.872 1.95 (0.37, 10.42) 0.434
● Pemphigus foliaceus 1 [Reference]

(Continued)
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treatment group was more likely to achieve IR, with an 
HR of 2.93 (95% CI 1.32, 6.50; P = 0.008), compared to 
the delayed-treatment group. After adjusting for all the 
confounding factors, the results continued to show that 
early treatment was a positive predictor for IR (HR 2.74; 
95% CI 1.12, 6.69; P = 0.027). The median time required 
to reach IR was also shorter in the early-treatment group 
(Figure 3). Although the rate of achieving IR was corre-
lated with the baseline PDAI score in the univariable 
analysis (HR 1.03; 95% CI 1.01, 1.05; P = 0.029), it was 
no longer significant after adjusting for all the relevant 
confounding factors in the multivariate analysis.

Factors Associated with Disease Relapse
The univariate analysis revealed that the age at treatment 
was a predictor for disease relapse. We found a 5% 
increase in the relapse rate, in association with a one- 
year age increase (HR 1.05; 95% 1.01, 1.10; P = 0.040). 
Moreover, there was a trend towards a significant associa-
tion between the anti-Dsg1 level when patients achieved 
CR and the rate of relapse. Patients with a positive anti- 
Dsg1 level at the time of CR had a 3.03-times increase in 
their relapse rate, compared to those with negative values 

(95% CI 0.95, 9.67; P = 0.061). The median duration to 
relapse among anti-Dsg1-negative patients appeared to be 
longer than those with positive values (20.20 vs 9.02 
months), as is shown in Figure 4. After a multivariable 
analysis was performed, the results repeatedly showed that 
a higher rate of relapse occurred among those of increas-
ing age (HR 1.07; 95% CI 1.01, 1.13; P = 0.036). 
Likewise, a negative anti-Dsg1 level at the time of CR 
was a significant protective factor for disease relapse, 
whereas persistently positive anti-Dsg1 patients were 
4.38 times more likely to relapse at any time point, com-
pared to those with negative values (95% CI 1.24, 15.46; 
P = 0.022). Other factors, such as gender, pemphigus 
subtype, severity score, and dose regimen were not asso-
ciated with relapse.

Adverse Effects
A total of 21 adverse effects in 18 patients (33.9%) were 
noted. An immediate infusion reaction occurred in 13.21% 
(n=7) of the patients. Such reactions included urticaria, 
tachycardia, tachypnea, and/or abdominal discomfort (eg, 
nausea, vomiting). Those patients were managed by 

Table 3 (Continued). 

Age at treatment 1.05 (1.01, 1.10) 0.040* 1.07 (1.01, 1.13) 0.036*

PDAI baseline 1.03 (0.96, 1.11) 0.357 1.04 (0.97, 1.12) 0.240

Immunosuppressants/immunomodulators
● Yes 0.53 (0.16, 1.73) 0.290 – –
● No 1 [Reference]

Regimen
● Lymphoma dose 1 [Reference]
● Rheumatoid arthritis dose 3.42 (0.43, 27.19) 0.244 2.72 (0.31, 23.68) 0.365

Anti-Dsg 1 level at clinical remission
● Negative (<20 U/mL) 1 [Reference]
● Positive (≥20 U/mL) 3.03 (0.95, 9.67) 0.061 4.38 (1.24, 15.46) 0.022*

Anti-Dsg 3 level at clinical remission
● Negative (<20 U/mL) 1 [Reference]
● Positive (≥20 U/mL) 1.10 (0.36, 3.38) 0.869 – –

Disease duration
● Early treatment (≤12 months) 0.81 (0.22, 2.98) 0.746 – –
● Delayed treatment (>12 months) 1 [Reference]

Administration
● First-line therapy 0.80 (1.78, 3.64) 0.777 – –
● Second- or third-line therapy 1 [Reference]

Note: *P-value <0.05, indicating a statistically significant difference. 
Abbreviations: CI, confidence interval; Dsg-1, desmoglein-1; Dsg-3, desmoglein-3; U, unit.
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slowing down the infusion rate, and they did not develop 
further complications. Most events occurred at the indivi-
dual’s first exposure to rituximab. One patient developed 
grade II reactions to rituximab at his fourth infusion, and 
he was subsequently admitted for rituximab desensitiza-
tion. Infectious complications occurred in 16.98% (n=12) 
of the cases. Four people (7.54%) developed serious infec-
tion requiring hospitalization (ie, cytomegalovirus viremia 
[n=1], disseminated herpes zoster [n=1], Pneumocystis 

jiroveci pneumonia [n=1], and bacterial sepsis [n=1]). 
Other less-serious infectious events were herpes simplex 
infection (n=3), oral candidiasis (n=2), herpes zoster infec-
tion (n=1), cystitis (n=1), and tinea corporis (n=1). 
Leukopenia was observed in one (1.89%) of the cases, 
which may be attributable to rituximab and/or its combi-
nation with MMF. There was no evidence of HBV-flaring 
during or after the rituximab treatment. No deaths 
occurred during the follow-up period.

Figure 1 (A) Kaplan–Meier plot showing the rate of complete remission on therapy between early and delayed treatment. (B) Kaplan–Meier plot showing the rate of 
complete remission off therapy between early and delayed treatment.

Figure 2 Kaplan–Meier plot showing the rate of complete remission on therapy between first-line and second or third-line therapy.
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Discussion
Rituximab has currently been used for the treatment of 
pemphigus patients and has had a favorable 
outcome.21–24,31 Ours is the first study on the efficacy 

and safety of rituximab used for Southeast Asian patients 
with pemphigus. This study confirms the efficacy of ritux-
imab for pemphigus. Not only does rituximab induce 
a high remission rate (up to 80%); it provides a low 

Figure 3 Kaplan–Meier plot showing the rate of immunological remission between early and delayed treatment.

Figure 4 Kaplan–Meier plot showing the rate of relapse between negative and positive anti-Dsg1 level at complete remission.
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disease relapse. These promising results may partially 
counterbalance the costs of managing disease flare-ups 
and the side effects that patients experience from conven-
tional therapy.32 All of our patients had clinical improve-
ment in just over a month, and 79.3% achieved CR on 
therapy within 6.36 months following the first induction. 
Our results were comparable to a recent retrospective 
study by Sharma et al, in which 83.6% of their pemphigus 
patients had CR after rituximab, with a mean duration of 
4.8 ± 2.52 months.33 The rate of CR on therapy in the 
literature has ranged from 50–89.5% following the first 
rituximab infusion, which is tantamount to ours.24,34–36 

Our data show that CR off therapy occurred in 34% of 
the patients within 19.74 months. That rate is rather infer-
ior to the figures in previous reports, where approximately 
36.6–89.5% of the cases achieved CR off therapy.36–38 

A valid explanation is that, prior to receiving rituximab, 
the majority of our patients (84.9%) had a recalcitrant and 
relapsing disease. Balighi et al also noted that only 36.6% 
of patients who were given rituximab as a second- or third- 
line treatment reached CR off therapy.38 Moreover, an 
additional 11.3% of our patients would presumably have 
reached CR off therapy, but had to continue low-dose 
corticosteroids because they developed steroid- 
withdrawal symptoms and/or adrenal insufficiency.

Identifying factors associated with CR after rituximab 
therapy is crucial in the clinical setting. The remission rate 
in this study was influenced by two factors: the disease’s 
duration before the rituximab infusion, and rituximab 
administration as a first-line treatment. To the best of our 
knowledge, this is the first study to report that early 
rituximab administration (within 12 months) can increase 
not only the rate of complete CR but also the IR. 
Moreover, patients in the early- treatment group required 
a shorter time to achieve CR on and off therapy, which led 
to fewer corticosteroids exposure and complications. 
Similar to prior studies, we found that the early adminis-
tration of rituximab resulted in better outcomes, including 
a higher remission rate, a longer disease-free period, and 
a lower rate of disease relapse.38–40 Our data show that 
pemphigus patients who received an early administration 
of rituximab also achieved a higher rate of IR. Persistent 
anti-Dsg B-cell clones have been documented to appear 
over many years in patients with active and relapsing 
disease even in rituximab-treated patients.41 Early rituxi-
mab treatment may eliminate these sets of the lineage 
leading to clinical response, as well as prohibiting future 

B-cell repopulation. Future studies to determine the true 
nature of recalcitrant pemphigus are needed.

The second prognostic factor for CR was rituximab 
given as the first-line treatment. In the majority of studies 
reported in the literature, rituximab was used as adjuvant 
therapy for refractory pemphigus patients. A few studies 
have demonstrated its efficacy as a first-line 
treatment.24,29,42–45 Joly et al conducted an open-label, 
randomized trial and revealed that the first-line use of 
rituximab, in combination with short-term prednisolone, 
resulted in a higher probability (almost three times) of 
achieving CR off therapy, in contrast to using prednisolone 
alone.24 Vinay et al have also shown that the first-line use 
of rituximab resulted in a statistically significant rate of 
achieving CR off therapy, compared to administering it 
following other treatments.31 In the present study, ritux-
imab administered as the first-line therapy was signifi-
cantly associated with achieving CR on, but not CR off 
therapy and IR. The small number of patients in the first- 
line group (15.1%) may likely have led to an insignificant 
statistical power in determining these differences. The US 
and European guidelines recommend rituximab as the 
first-line modality for pemphigus, owing to a high prob-
ability of CR.19,24,31,36,46 However, its application as the 
first-line treatment in Southeast Asian pemphigus patients 
requires further evidence. Moreover, concerns are increas-
ing because rituximab is not readily available or affordable 
in every hospital setting.

The data regarding which rituximab dosing regimen 
has optimal benefits in controlling pemphigus remain 
inconsistent. While Kushner et al reported that the lym-
phoma regimen has superior efficacy in achieving deeper 
B-cell depletion in secondary lymphoid tissues than does 
the rheumatoid regimen,35 many other studies, including 
ours, have not shown the benefits of one regimen over 
another.35,47,48

It is unclear if rituximab can prevent disease relapse. 
Identifying the predictive factors to determine who may 
experience relapse remains crucial, as they may establish 
whether or not the maintenance of rituximab is required. 
To date, this issue has not been well-documented or stu-
died. Although 73.6% of our patients achieved CR at the 
end of this study, 26.4% of them experienced a relapse, 
with a median time of 14 months after complete clinical 
remission. Documents on the relapse rate and the time to 
relapse have varied in the literature, occurring in 23.7– 
76.5% after the first infusion and within six to 24 
months.24,29,33,37,38 This large discrepancy may be due to 
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the differences in the studied population, the patient- 
selection process, the disease’s severity, the duration of 
the disease, and the follow-up period.24,29,33,35,49 The first 
clinical predictor for relapse in our study was the person’s 
age at treatment. A previous report revealed that the older 
patients were more likely to achieve a clinical response as 
a result of their immune weakness.35 On the contrary, we 
found that the patient’s age at the disease’s onset did not 
influence his or her clinical response. Our data further 
demonstrated that elderly patients have a higher chance 
of relapse. The mechanisms underlying the cellular altera-
tions in aging are unclear. In one animal study, immuno-
senescence in the B-lineage was shown to be reversible, 
and, after B-cell depletion, it can rejuvenate and enhance 
one’s immune competence.50 However, the definite 
mechanism behind how advanced age influences the dis-
ease’s relapse remains to be validated by further studies.

Our data also showed that IR (anti-Dsg1) was another 
predictor of disease relapse. The levels of the anti-Dsg 
autoantibodies correlated with the disease activity.51 

Relapse after rituximab treatment has been linked to 
B-cells repopulation corresponding to the level of auto- 
antibodies, particularly anti-Dsg1.52 Studies have demon-
strated that patients with recurrent disease experience 
a reappearance of the exact same autoreactive B-cell 
clone.41 Previous studies have also shown that anti-Dsg1 
was a reliable predictor of disease relapse following ritux-
imab infusion, especially among patients with cutaneous 
involvement.53,54 In addition, a lower anti-Dsg1 titer at the 
baseline demonstrated a negative correlation with timing 
for relapse.55 Recently, Mignard et al observed that 
patients with relapse had higher anti-Dsg1 and anti-Dsg3 
antibody levels (at month 3), compared to those who had 
no relapse.56 Our results correspond with the literature.56 

We found that patients with undetectable anti-Dsg1 at the 
time of CR had a four-times-lower tendency for relapse, 
compared to patients with persistently positive values. The 
median time to relapse was also longer in patients with 
negative anti-Dsg1 at CR than among those without (20 
months vs 9 months). We further demonstrated that the 
duration of anti Dsg1 conversion (positive to negative) 
was shorter than the time required for CR (4.13 vs 6.36 
months). The level of anti-Dsg1 is expected to be negative 
before clinical remission because rituximab causes prompt 
and nearly complete depletion of peripheral CD20+ cells, 
as well as inhibition of antibody production. After treat-
ment, persistently positive anti-Dsg1 may suggest 
a subsequent relapse due to B-cell repopulation.41 

Notably, we highlighted the importance of IR as 
a predictor of disease relapse. Therefore, we suggest that 
the anti-Dsg1 levels should be measured at the time of 
complete CR. If they remain positive, close monitoring 
during the first 12 months of follow-up is recommended.

Regarding the safety of rituximab, the total adverse 
reaction previously reported had ranged from 4.8–35% 
for serious adverse events (SAEs) to 5.5–16% for an 
infusion reaction.37,40,57–59 Our results were in line with 
those of earlier studies: 7.5% of rituximab-treated patients 
experienced SAEs, while 13.2% of them had infusion 
reactions. We did not come across any fatal side effects, 
which have previously been reported to occur in 1.6– 
12.5% of the cases.57 Moreover, it is important to note 
that antiviral prophylaxis has helped protect our patients 
from HBV reactivation.

There are several limitations to our study. First, the 
retrospective nature of the study may have led to some 
incomplete data. However, all patients were treated in the 
same clinic by the same expert dermatologist, and 
a uniform monitoring and follow-up protocol were 
applied. Our study lacked comprehensive profiles regard-
ing B-cell depletion by flow cytometric assay because they 
are not routinely assessed in our institute. Secondly, 
a selection bias may have occurred, as the study was 
performed in a tertiary-care referral center. Also, several 
cases were initially managed by community dermatolo-
gists, so we were unable to determine many parameters 
from the disease’s onset. Finally, our sample size was 
relatively small. The cost of rituximab was a major factor 
in limiting the number of patients in this study.

Conclusion
We confirm the efficacy and safety of rituximab for our 
Thai pemphigus patients. Early rituximab administration 
within 12 months was a predictor of both CR and IR. 
Older patients and those with a persistently positive 
serum anti-Dsg1 were associated with disease relapse. 
Finally, antiviral prophylaxis helped protect patients from 
HBV reactivation.
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