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SIGNIFICANCE
This large-scale population-based cohort study found that 
rituximab had the highest median drug survival time com-
pared with the remaining adjuvant agents used to treat 
patients with pemphigus. Dapsone and cyclosporine were 
associated with increased risk of adjuvant drug dropout. 
This study provides evidence in favour of the efficacy and 
safety of azathioprine, mycophenolate mofetil, and rituxi-
mab in pemphigus, and implies that the use of dapsone 
and cyclosporine in pemphigus should be abandoned.

Drug survival reflects the real-life efficacy and safety 
of therapeutic agents. Evidence regarding the durabili-
ty of adjuvant agents in the treatment of pemphigus is 
sparse. The aims of this study were to investigate the 
survival of adjuvant agents used to manage patients 
with pemphigus, and to identify predictors of treat-
ment dropout. A retrospective population-based cohort 
study was designed to follow patients with pemphigus 
managed by adjuvant agents. The study population in-
cluded 436 patients with pemphigus managed by 608 
adjuvant agent courses. The highest median drug sur-
vival time was observed for rituximab (43.6 months, 
95% confidence interval (95% CI) 5.3–81.9), followed 
by cyclophosphamide (30.5 months; 95% CI 10.5–
50.5), azathioprine (22.9 months; 95% CI 15.6–30.2), 
and mycophenolate mofetil (20.2 months; 95% CI 
10.0–30.4). Compared with azathioprine, cyclospori-
ne (adjusted hazard ratio 2.98; 95% CI 1.57–5.62; 
p = 0.005) and dapsone (adjusted hazard ratio 1.83; 
95% CI 1.07–3.15; p = 0.027) were associated with a 
significantly increased risk of drug discontinuation. To 
conclude, rituximab, azathioprine, and mycophenolate 
mofetil demonstrated better durability, whilst dapsone 
and cyclosporine were associated with low drug survi-
val and high dropout. 
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Prior to the advent of systemic corticosteroids, pem-
phigus was fatal within the initial 2 years following 

presentation (1). More recently, the rapid tapering of 
corticosteroids after consolidation, as well as the intro-
duction of novel adjuvant immunosuppressants with a 
better safety profile, have decreased both the morbidity 
and the mortality of patients with pemphigus (2, 3). Cur-
rently, the 1-year mortality rate of pemphigus has been 
reduced drastically with proper management, but is still 
increased relative to the general population (2–5).

One of the main unmet objectives in the management 
of patients with pemphigus is to maintain long-term 

remission and prevent recurrences, using the smallest 
cumulative dose of systemic corticosteroids for the short-
est time possible. The introduction of adjuvant agents 
has demonstrated a favourable steroid-sparing effect and 
contributed, at least in part, to the accomplishment of 
this target (1, 6–8). These agents are commonly used in 
combination with corticosteroids, particularly in recalci-
trant disease, when complications due to prolonged use 
of corticosteroids occur, or in dose-dependency above 
minimal therapy (> 10 mg/day prednisolone) (1). How-
ever, evidence that the addition of adjuvants is superior 
to treatment with corticosteroid monotherapy has only 
recently been found for rituximab (9). The long-term 
risk-benefit analysis of adjuvant agents in pemphigus 
remains to be firmly established. 

Drug survival is a newly introduced term in the field 
of chronic inflammatory skin diseases, signifying the 
time-period of treatment with a certain drug until its 
cessation. While this term reflects several pivotal featu-
res of the drug used, such as its long-term efficacy and 
safety, it may also account for aspects such as patient 
compliance, expenditure, and local healthcare regulations 
(10). Drug survival analysis has emerged as a reliable 
real-life measurement of drug success in psoriasis and 
atopic dermatitis (11, 12). However, this analysis is yet 
to be performed in pemphigus, leaving the literature 
inconclusive with regard to the comparison between the 
durability, efficacy, and safety profile of adjuvant drugs 
in pemphigus.

The aim of the current study is to compare the drug 
survival of the available adjuvant agents used to manage 
patients with pemphigus. An additional aim is to identify 
predictors for adjuvant drug cessation during the course 
of pemphigus.
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METHODS 

Study design and database

This study was designed as a historical retrospective cohort study 
following patients with pemphigus managed by adjuvant agents 
between the years 2000 and 2019. The study was approved by the 
institutional review board of Ben-Gurion University.

The computerized dataset of Clalit Health Services (CHS) was 
the origin of the current study. CHS is the main healthcare orga-
nization in Israel, providing a wide array of private and public 
healthcare services for 4,927,000 enrolees as of October 2018 
(58% of the general Israeli population). CHS possesses a multi-
tude of primary, secondary, and tertiary referral centres, inpatient 
and community-based clinics, pharmacies, and imaging facilities 
across the whole country, with inclusive computerized documen-
tation. As such, the computerized database of CHS is typified by 
a prominent comprehensiveness, since it retrieves data from a 
multitude of sources. Loss to follow-up is minimal, and access 
to CHS services is free, rendering this dataset highly compatible 
with performing epidemiological studies (13).

Study population and definition of main covariates

The computerized dataset of CHS was systematically checked 
for incident cases with a diagnosis of pemphigus between the 
years 2000 and 2019. The definition of pemphigus was based on 
1 of the following eligibility criteria: (i) documented diagnosis 
of pemphigus registered by a community-based board-certified 
dermatologist; or (ii) diagnosis of pemphigus in discharge letters 
of patients admitted to dermatological wards. 

Patients fulfilling the definition of pemphigus were subject 
to inclusion if they were prescribed systemic corticosteroids 
in conjunction with one of the following adjuvant agents: aza-
thioprine, cyclosporine, cyclophosphamide, dapsone, intravenous 
immunoglobulin (IVIg), methotrexate, mycophenolate mofetil 
(MMF), and rituximab. A patient was considered under active 
treatment when there was a continuity of treatment with at least 
2 claims per medication in the absence of treatment termination 
(event, as defined below). Since a patient could have received 
2 or more adjuvant agents within the study duration, it is likely 
that the same patient could have been included more than once 
in the analysis, each time for a different treatment series with a 
different adjuvant agent. 

An event of drug termination or drug dropout was defined in 
any of the following cases: (i) in adjuvant agent switch; (ii) cessa-
tion of an adjuvant drug during the initial 6 months following its 
initial administration (cessation was determined if no prescription 
for oral adjuvant drugs was claimed for more than 270 days). The 
latter timeframe was adopted to account for temporary breaks in 
treatment due to pregnancy and other non-medical reasons (i.e. 
financial reasons and logistic limitations). Discontinuation was 
defined as occurring during only the first 6 months following 
drug initiation, to enable differentiation between cases in which 
the drug was efficient and those in which it was stopped due to 
remission off-therapy. 

Analysis of the risk of dropout included only oral agents admi-
nistered on a daily basis, thus rituximab and IVIg were excluded 
from this analysis given their different therapeutic life. Death, 
emigration from Israel, or the end of the follow-up period were 
defined as censored. The survival period for each adjuvant agent 
per patient was calculated.

Statistical analysis 

Baseline characteristics were described by means and standard de-
viations (SDs) for continuous variables, whilst categorical values 

were indicated by percentages. Continuous variables were compa-
red using analysis of variance (ANOVA) and the non-parametric 
Kruskal–Wallis H test (based on the homogeneity of variance in 
each comparison as determined by Levene’s test). Dichotomous 
variables were compared by Pearson χ2 test. 

Survival analyses were conducted using the Kaplan–Meier 
method. A log-rank test was run to determine if there were diffe-
rences in the survival distribution for the different adjuvant agents. 
Pairwise log-rank comparisons were conducted to determine which 
intervention groups had different survival distributions. A Bonfer-
roni correction was made with statistical significance accepted 
at the p < 0.006 (0.05/8 (regular level of significance/ number of 
compared subgroups)) level. Hazard ratios (HRs) for the risk of 
termination of each of the adjuvant drugs were obtained by the 
use of the Cox regression model, which was additionally adjusted 
for putative confounders. When presenting the HR of the adjuvant 
drug variable, the reference group was the agent with the longest 
median and mean survival (rituximab). Two-tailed p-values < 0.05 
were considered statistically significant. All statistical analyses 
were performed using SPSS software, version 25 (SPSS, IBM 
Corp., Armonk, NY, USA).

RESULTS 

Study population 

The study population included 436 patients with pemphi-
gus managed by systemic corticosteroids in conjunction 
with 608 adjuvant treatment courses. The mean age (SD) 
of presentation with pemphigus was 57.8 (15.6) years, 
165 (37.8%) patients were male, and 363 (83.3%) were 
of Jewish ethnicity. The mean (SD) length of exposure 
to systemic corticosteroids among these patients was 
144.4 (80.5) months, with 347 (79.6%) patients being 
treated for more than 60 months. Eligible patients were 
managed by a mean of 1.2 (0.7) adjuvant agents per 
patient, with 92 patients (21.1%) being managed by 
more than one single adjuvant agent. The demographic 
and clinical characteristics of the study population are 
shown in Table I.

The most frequently prescribed adjuvant agent was 
azathioprine, which has been administered in 331 pa-
tients, followed by MMF (n = 86), dapsone (n = 60), 
cyclophosphamide (n = 45), rituximab (n = 33), cyclo-
sporine (n = 22), IVIg (n = 20), and methotrexate (n = 11). 
Patients managed by methotrexate and intravenous im-
munoglobulin were older at the initiation of treatment, 
whilst patients managed by azathioprine and cyclo-
phosphamide were less frequently exposed to additional 
adjuvant agents (Table I).

Kaplan-Meier analysis 
Fig. 1 presents the drug survival of each of the 8 adju-
vant agents investigated using Kaplan–Meier methodo-
logy. The survival distributions for the 8 interventions 
were statistically significantly different (χ2(7)=17.32; 
p = 0.015). When a Bonferroni correction was made with 
statistical significance accepted at the p < 0.006 level, 
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there was a statistically significant superiority in survival 
distributions for azathioprine over dapsone (χ2(1)=11.56; 
p = 0.001) as well as a near-significant superiority for 
MMF over dapsone (χ2(1)=6.83; p = 0.009) and for ri-
tuximab over dapsone (χ2(1)=6.20; p = 0.013). Log-rank 
pairwise comparisons did not reveal significant diffe-
rences in the survival distribution between other agents.

Patients who underwent rituximab treatment had the 
highest median (43.6 (95% CI 5.3–81.9) months) and 
mean (64.0 (95% CI 30.9–97.1) months) drug survival 
time. The medians and means of drug survival time per 
adjuvant agent are shown in Table II.

Predictors and risk factors of treatment termination

During the study period, 294 cases of oral daily-admi-
nistered drug termination were encountered. To identify 

risk factors that precipitate drug dropout, a Cox regres-
sion analysis was performed (Table III). Relative to 
azathioprine, cyclosporine (adjusted HR, 2.98; 95% CI 
1.57–5.62; p = 0.005) and dapsone (adjusted HR, 1.83; 
95% CI 1.07–3.15; p = 0.027) were associated with a 
significantly increased risk of drug dropout. Age, sex, 
ethnicity, body mass index (BMI), smoking, and the 
administration of systemic corticosteroids for more than 
12 months did not demonstrate a statistically significant 
effect on oral adjuvant drug dropout (Table III).

The study then explored whether the sequence in 
which the adjuvant agents were administered had an ef-
fect on drug survival (Table IV). For MMF, there was a 
near-significant increased risk of dropout when the drug 
was given as a second-line adjuvant agent (adjusted HR, 
1.84; 95% CI 0.94–3.63; p = 0.077) compared with its 
first-line use. Drug survival was not influenced whether 

azathioprine and cyclophosphamide were admi-
nistered as first-line or second-line treatments 
(Table IV).

DISCUSSION

This study demonstrates that adjuvant agents in 
pemphigus have differential drug survival over 
time. Azathioprine was found to be significantly 
more persistent than dapsone in a real-time set-
ting. The drug survival of MMF and rituximab 
was also increased relative to dapsone, although 
with only marginal statistical significance. The 
highest mean and median drug survival times 
were attributed to rituximab. Compared with 
rituximab, dapsone and cyclosporine were as-
sociated with a significantly increased risk of 
drug discontinuation. An extended systemic 
corticosteroid therapy exceeding 5 years confers 
protection against adjuvant drug dropout. 

Although adjuvant agents are frequently pre-
scribed for patients with pemphigus, there is a 

Table I. Clinical and demographic characteristics of the study population 

AZA 
(n = 331)

Cyclo-
sporine 
(n = 22)

Cyclophos-
phamide 
(n = 45)

Dapsone 
(n = 60)

IVIg 
(n = 20)

MTX 
(n = 11)

MMF 
(n = 86)

Rituximab 
(n = 33)

Overall 
patients 
(n = 436)

p- 
value

Age, years, mean (SD) 56.6 (15.0) 50.6 (14.9) 61.7 (13.1) 56.7 (16.7) 62.3 (12.3) 65.9 (16.1) 54.0 (15.6) 59.7 (21.1) 57.8 (15.6) 0.011a

  Median (range) 56.8 (18.1–
86.9)

51.3 
(19.1–73.2)

57.9 (39.1–
79.2)

58.4 (19.2–
87.0)

61.8 (38.1–
83.2)

66.2 
(26.5–85.2)

53.4 
(18.7–96.1)

62.9 
(20.6–97.2)

58.5 
(18.1–97.2)

Male sex, n (%) 116 (35.0) 12 (54.5) 21 (46.7) 26 (43.3) 10 (50.0) 3 (27.3) 41 (47.7) 14 (42.4) 165 (37.8) 0.177
Ethnicity, n (%)c

  Jewish 266 (80.4) 19 (86.4) 39 (86.7) 54 (90.0) 19 (95.0) 9 (81.8) 67 (77.9) 31 (93.9) 363 (83.3)
0.294  Arab 65 (19.6) 3 (13.6) 6 (13.3) 6 (10.0) 1 (5.0) 2 (18.2) 18 (20.9) 2 (6.1) 73 (16.7)

BMI, mg/kg2, mean (SD) 28.3 (6.2) 30.2 (7.8) 27.9 (6.3) 27.5 (6.3) 29.9 (7.4) 27.7 (5.3) 28.9 (6.1) 29.0 (6.5) 28.3 (6.1) 0.915b

Obesity prevalence, n (%) 127 (48.4) 14 (63.6) 18 (40.0) 19 (31.7) 11 (55.0) 5 (45.5) 38 (44.2) 16 (48.5) 167 (38.3) 0.156
Smoking prevalence, n (%) 109 (32.9) 11 (50.0) 14 (31.1) 27 (45.0) 8 (40.0) 1 (9.1) 28 (32.6) 13 (39.4) 152 (34.9) 0.205
Duration of systemic cortico-

steroids, months, mean (SD) 
150.6 (78.8) 170.2 (99.4) 159.8 (78.1) 145.5 (82.0) 158.6 (73.9) 162.9 (73.7) 141.2 (78.6) 141.5 (79.1) 144.4 (80.5) 0.752b

Systemic corticosteroids for 
≥ 60 months, n (%)

273 (82.5) 17 (77.3) 38 (84.4) 49 (81.7) 18 (90.0) 10 (90.9) 69 (80.2) 26 (78.8) 347 (79.6) 0.931

Treatment with additional 
adjuvant agent, n (%)

90 (27.2) 14 (63.6) 32 (71.1) 17 (28.3) 17 (85.0) 7 (63.6) 63 (73.3) 22 (66.7) 92 (21.1) < 0.001

aCalculated using Kruskal–Wallis H test. bCalculated using analysis of variance (ANOVA) test. cThe value of this variable was lacking for one individual.
AZA: azathioprine; IVIg: intravenous immunoglobulin; MTX: methotrexate; MMF: mycophenolate mofetil; SD: standard deviation; BMI: body mass index.  Bold: significant values.

Fig. 1. Drug survival of azathioprine, cyclosporine, cyclophosphamide, 
dapsone, intravenous immunoglobulin (IVIg), methotrexate, mycophenolate 
mofetil (MMF), and rituximab, as illustrated by Kaplan–Meier survival curve. 
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sparsity of high-quality randomized controlled studies 
evidencing the benefits of adjuvant agents in pemphi-
gus. Most studies have demonstrated that oral adjuvants 
imposed a steroid-sparing effect and led to steroid-free 
remission, but did not cause differences in the main 
disease outcome measures (1, 14–19) A meta-analysis 
summarizing studies evaluating azathioprine, MMF, 
cyclophosphamide, cyclosporine, IVIg, plasmaphere-
sis, and infliximab in patients with pemphigus vulgaris 
(PV) concluded that these adjuvants did not increase 
remission rates, but reduced the risk of relapse by 29% 
compared with prednisolone monotherapy (20). It was 
not until 2017 that the first randomized controlled trial 
(RCT) confirmed that an adjuvant drug was superior to 
corticosteroid monotherapy; Joly et al. (9) demonstrated 
that rituximab in combination with short-term predni-
sone (0.5–1.0 mg/kg/day) led to a higher frequency of 
complete remission off-therapy, compared with patients 
treated with prednisone (1.0–1.5 mg/kg/day) alone at 24 
months of follow-up (89% vs 34%, respectively). More-
over, patients in the rituximab arm experienced fewer 
major adverse events.

It is still to be decisively determined which agents 
should be invariably preferred. This question is influ-
enced by multiple determinants related to the disease 
(severity, duration, subtype), to the patient (age, sex, 
fertility potential, and comorbidities (21)), as well as to 
other logistic considerations (domestic healthcare regula-
tion, expenditure, availability of the drug). To compli-
cate matters further, there is a lack of robust published 
evidence regarding the long-term efficacy and safety 
of these agents in pemphigus, principally owing to the 
scarcity of RCTs (6). Therefore, utilization of survival 

analysis, reflecting safety and efficacy measures in real-
life practice, may provide physicians with a reference for 
administering adjuvant therapy in pemphigus.

The current study found that azathioprine, MMF, and 
rituximab demonstrated higher retention rates, whilst 
dapsone and cyclosporine had lower rates. These find-
ings align with the majority of the published guidelines, 
which place azathioprine, MMF, and rituximab as the 
preferred adjuvant agents in combination with systemic 
corticosteroids. The European Dermatology Forum 
(EDF) guidelines, published in 2015, recommended 
the administration of azathioprine or MMF in conjun-
ction with corticosteroids as a second-line treatment in 
patients failing treatment on corticosteroids monoth-
erapy. The 2017 guidelines of the British Association 
of Dermatologists (BAD) advocated administration of 
azathioprine, MMF, and rituximab as first-line therapy in 
combination with corticosteroids. In the Delphi consen-
sus of a panel of experts published in 2018 (7), rituximab 
was designated as first-line therapy (in combination 
with low-dose systemic corticosteroids) in new-onset 
moderate to severe pemphigus and/or for patients who 
do not achieve clinical remission with systemic corti-
costeroids and/or immunosuppressive adjuvants (7), 
while azathioprine and MMF were defined as first-line 
corticosteroid-sparing agents. Correspondingly, the S2K 
(22) guidelines in 2020 incorporated rituximab as first-
line therapy in moderate-to-severe PV (in combination 
with 1.0 mg/kg prednisolone). In the same guidelines, 
the combination of azathioprine and MMF with 1.5 mg/
kg prednisolone was defined as first-line therapy for 
these patients (22).

Table II. Median and mean survival time calculated by Kaplan–Meier 
survival analysis

Survival 
time
Median SE 95% CI

Survival 
time
Mean SE 95% CI

Azathioprine 22.9 3.7 15.6–30.2 61.8   5.0 52.0–71.6
Cyclosporine   9.2 3.5   2.4–16.1 27.6 14.3   0.0–55.6
Cyclophosphamide 30.5 10.2 10.5–50.5 38.1 6.6 25.2–50.9
Dapsone   5.9 3.3 0.0–12.4 30.0 7.6 15.1–44.9
IVIg   5.8 18.0 0.0–41.1 39.6 12.7 14.7–64.5
Methotrexate 10.8 5.4 0.1–21.4 32.7 16.6   0.1–65.3
Mycophenolate mofetil 20.2 5.2 10.0–30.4 58.9 11.3 36.8–80.9
Rituximab 43.6 19.5   5.3–81.9 64.0 16.9 30.9–97.1

*In Kaplan–Meier analysis, the mean survival time is calculated as the area under the 
survival curve and not as the mean observed survival time, as one might otherwise 
expect, due to the problems of censored data. The median is calculated as the 
time at which the cumulative survival proportion is 0.50 or less (i.e. 50% or less).
SE: standard error; CI: confidence interval; IVIg: intravenous immunoglobulin.

Table III. Predictors of treatment dropout calculated by Cox 
regression model

Risk factor Adjusted HRa 95% CI p-value

Cyclosporineb 2.98 1.57–5.62 0.005
Cyclophosphamideb 1.41 0.87–2.31 0.166
Dapsoneb 1.83 1.07–3.15 0.027
Methotrexateb 1.77 0.73–93.45 0.153
Mycophenolate mofetilb 1.27 0.85–1.92 0.242
Age (per year) 0.99 0.98–1.01 0.669
Male sex 0.87 0.62–1.19 0.384
Jewish ethnicity 1.13 0.76–1.68 0.540
Body mass index (per unit) 0.99 0.97–1.02 0.554
Smoking 0.89 0.64–1.23 0.478
Systemic corticosteroids for ≥ 60 months 0.71 0.49–1.02 0.064

aAdjusted for adjuvant drugs, age, sex, ethnicity, BMI, smoking, duration of 
exposure to systemic corticosteroids. bCompared with azathioprine. 
HR: hazard ratio; CI: 95% confidence interval.
Bold: significant values.

Table IV. Adjusted hazards ratio (aHR) for treatment dropout according to treatment line of use (Cox proportional hazard model)

Azathioprine (n = 331) Cyclophosphamide (n = 45) Mycophenolate mofetil (n = 86)

n aHRa 95% CI p-value n aHRa 95% CI p-value n aHRa 95% CI p-value

First-line 322 Reference 20 Reference 29 Reference
Second-and higher lines 9 0.86 0.35–2.09 0.739 25 1.46 0.66–3.21 0.350 57 1.84 0.94–3.63 0.077

aAdjusted for age, sex, ethnicity, body mass index, smoking, duration of exposure to systemic corticosteroids.
95% CI: 95% confidence interval.
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The lower persistence rate of dapsone and cyclosporine 
accords with the low evidence regarding their utility in 
the management of pemphigus. Although dapsone was 
recently recommended as an adjuvant drug for mild 
pemphigus foliaceus (22), the efficacy of this agent in 
pemphigus was based on case reports (in part of which the 
drug was started either with or shortly after prednisolone, 
thus hindering with revealing its independent role) (23, 
24), and one RCT of 9 patients (25). The latter failed to 
show a significant superiority for adjuvant dapsone over 
placebo in tapering prednisone under 7.5 mg/day (25). 
Aligning with our results, the evaluation of cyclosporine 
in 2 RCTs did not delineate any advantage of cyclosporine 
in PV. In contrast, higher adverse events and toxicity were 
detected in the cyclosporine treatment arm (26, 27).

The current study represents the initial survival 
analysis of adjuvant drugs used in the management of 
patients with pemphigus. It throws light on the efficacy 
and safety of a wide array of drugs in a real-life setting 
and may provide physicians with a reference that may 
assist in choosing an adjuvant agent in pemphigus. The 
study population is relatively large, and the follow-up 
duration is extended, thus substantiating the validity 
of the findings. However, the current study has several 
limitations. The direct cause of drug cessation could not 
be retrieved, and the sample size of patients managed by 
methotrexate, cyclosporine, and IVIg was small. Unlike 
RCTs, in which the basal characteristics of eligible pa-
tients are comparable at enrolment, the current study is 
limited by imperfect age matching between treatment 
subgroups. In addition, the number of additional adjuvant 
agents was distributed differentially between different 
subgroups. While all investigated drugs were indicated 
by pemphigus, the study could not adjust for severity and 
natural course of the disease, which may embody signi-
ficant determinants in tailoring the treatment regimen. 
In addition, the absence of data about morphological 
characteristics and basal severity of the disease interfered 
with an optimal comparison between used drugs.

In conclusion, significant differences in the persistence 
of adjuvant drugs in pemphigus were found in this large-
scale population-based study. Rituximab was distin-
guished by the highest mean and median drug survival 
times, and the drug survival of dapsone was significantly 
inferior to azathioprine and near significantly inferior to 
MMF and rituximab. Relative to rituximab, cyclosporine 
and dapsone were associated with an increased risk of 
adjuvant drug discontinuation. Prolonged systemic cor-
ticosteroid for more than 5 years was associated with a 
lower risk of adjuvant drug dropout.
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