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Abstract
Background  Glucocorticoid discontinuation, a challenge in systemic lupus erythematosus (SLE), might be achievable with 
the advent of new therapeutic options.
Methods  This single-center study included 31 children with newly diagnosed pediatric SLE between 2002 and 2021, after 
the exclusion of patients who were followed for less than 1 year after treatment initiation and those lost to follow-up. Patient 
characteristics, clinical course including flares, treatment, glucocorticoid discontinuation, and outcomes were retrospectively 
analyzed.
Results  Glucocorticoids could be discontinued in 19 (61%) patients during a median observation period of 105.5 (range, 
17–221) months. Of these, 5 (26%), 12 (63%), and 18 (95%) patients could discontinue glucocorticoids in 3, 5, and 10 years 
from treatment initiation, respectively. Additionally, 18 of the 19 patients did not experience flares after glucocorticoid discon-
tinuation during a median duration of 37.2 (7.2–106.8) months. Three of the nineteen patients achieved drug-free remission. 
At last follow-up, all patients achieved low disease activity with or without glucocorticoids and 19, 8, and 1 patient were 
receiving mycophenolate mofetil (MMF), MMF plus tacrolimus, and MMF plus ciclosporin A, respectively. Flares were 
observed in 15 patients during the observation period. MMF as initial immunosuppressant (P = 0.01) and shorter interval 
between therapy initiation and achieving maintenance prednisolone dose of 0.1–0.15 mg/kg/day (P = 0.001) were associated 
with significantly reduced flare risk. Femoral head necrosis was observed in two patients.
Conclusion  Despite the small sample size, these results support glucocorticoid discontinuation as a therapeutic target in 
pediatric SLE.
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Introduction

Systemic lupus erythematosus (SLE), a complex autoim-
mune disease with multi-organ involvement, is character-
ized by a chronic relapsing course [1]. Pediatric-onset SLE 
(p-SLE) is a rare presentation with an incidence of 0.3–2.2 
per 100,000 children-years [1–3]. Outcomes of p-SLE, par-
ticularly in patients with multi-organ and kidney involve-
ment, remain unsatisfactory, although the morbidity and 
mortality rates have significantly improved with the devel-
opment of aggressive new regimens in recent decades [4–6].

Glucocorticoids remain an essential therapeutic option 
for remission induction and maintenance therapy in patients 
with SLE; however, there is no consensus on optimal glu-
cocorticoid dosage for maintenance therapy [6, 7], which 
should employ the lowest dosage necessary to control 
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disease activity. The ultimate goal is to discontinue glu-
cocorticoids as recommended in the treat-to-target (T2T) 
strategy [8, 9]. In recent years, the emergence of new thera-
peutic options, including immunosuppressants and biolog-
ics, has made glucocorticoid discontinuation a realistic goal 
[10, 11]. However, few studies have focused on glucocor-
ticoid discontinuation in p-SLE [6]. In addition, flare rate 
and outcomes after glucocorticoid discontinuation have 
not been extensively clarified in patients with SLE [6, 7]. 
Therefore, some physicians are more likely to hesitate to 
discontinue glucocorticoids or may continue administering 
low-dose glucocorticoids even to patients in remission [9]. 
Due to the severe adverse effects of glucocorticoids, such as 
growth impairment, femoral head necrosis, and glaucoma, 
simultaneous achievement of glucocorticoid minimization 
and flare prevention can improve long-term outcomes and 
quality of life in patients with SLE [7, 12]. Although, glu-
cocorticoid discontinuation remains a challenge especially 
in patients with p-SLE, understanding the factors associated 
with patient outcome in glucocorticoid discontinuation in 
p-SLE is important.

We therefore conducted a retrospective, single-center 
study to elucidate patient outcomes following glucocorti-
coid tapering and discontinuation in patients with p-SLE.

Methods

Participants and data collection

This was a retrospective study including the analysis of 
patient characteristics, clinical course including flares, 
treatment approaches, and outcomes of patients with newly 
diagnosed p-SLE between May 1, 2002, and May 31, 2021, 
at the National Center for Child Health and Development. 
All patients included in the study were diagnosed with SLE 
before the age of 20 years. Patients who were followed for 
less than 1 year from treatment initiation and those who were 
lost to follow-up were excluded from the study.

Definitions

The diagnosis of SLE was based on the American College of 
Rheumatology criteria [13]. The diagnosis of lupus nephritis 
was based on kidney biopsy and categorized as class I, II, 
III, IV, or V according to the International Society of Neph-
rology/Renal Pathology Society classification system [14]. 
Disease activity was evaluated based on the Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI) [15] and 
classified as mild, moderate, or severe. Specifically, mild 
disease activity was defined as the presence of minor clinical 
symptoms and/or minor abnormalities in laboratory mark-
ers. Moderate disease activity was defined as the presence 

of organ involvement including lupus nephritis (class I, II, 
or V). Severe disease activity was defined as the presence of 
severe organ involvement including lupus nephritis (class III 
or IV), neurological disease, and/or pulmonary hemorrhage. 
Drug-free remission was defined as the absence of clinical 
activity based on a SLEDAI score 0 with no treatment with 
glucocorticoids or immunosuppressants. Low disease activ-
ity was defined as the presence of a SLEDAI score of ≤ 4 
with good tolerance to treatment with ≤ 7.5 mg prednisolone 
and immunosuppressants [16]. Flares were defined as clini-
cal, renal, or serological exacerbation requiring additional 
treatment [16]. Serological flare in asymptomatic cases 
was defined as persistent and severe worsening of labora-
tory markers, including complement (C3, C4, and CH50), 
anti-double-stranded DNA antibody level, and erythrocyte 
sedimentation ratio. Body mass index (BMI) was calculated 
using the following formula: BMI = weight/height2 (kg/m2).

Treatment strategy

Induction therapy

Oral prednisolone (initial dose of 1 mg/kg/day, followed by 
tapering every month until maintenance dosage is reached) 
with or without oral immunosuppressants was used for 
remission induction therapy in patients with mild p-SLE. 
Patients with moderate p-SLE were treated with several 
courses of intravenous methylprednisolone pulse therapy 
(MPT; 30 mg/kg/day for 3 days; maximum 1 g/day), fol-
lowed by oral immunosuppressants and oral prednisolone, 
whereas those with severe p-SLE were treated with several 
courses of intravenous MPT with or without intravenous 
cyclophosphamide therapy (IVCY; maximum six doses at 
500 mg/m2, administered at 1-month intervals), followed 
by oral immunosuppressants and oral prednisolone. The 
starting dose of oral prednisolone after MPT was 1 mg/
kg/day (maximum, 30 mg/day) for 1 month, which was 
slowly tapered every month until a maintenance predniso-
lone dosage of 0.1–0.15 mg/kg/day was achieved in about 
6 months in patients without a flare. In most patients, oral 
administration of initial immunosuppressants was started 
at the time of induction therapy and was added as mainte-
nance therapy in advance. Mycophenolate mofetil (MMF; 
500–1000 mg/m2/day; maximum, 2000 mg/day), mizorib-
ine (10 mg/kg/day; maximum, 300 mg/day), azathioprine 
(AZA; 1 mg/kg/day; maximum 100 mg/day), ciclosporin 
A (CsA; initial trough level, 100–120 μg/L), or tacroli-
mus (trough level, 5 ng/mL) was chosen by the attend-
ing physician. A similar regimen was previously reported 
by Kizawa et  al. [17]. Subsequently, all patients were 
switched from immunosuppressants to MMF or MMF in 
combination with a calcineurin inhibitor. Following its 
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approval in 2015 in Japan, hydroxychloroquine sulfate 
(HCQ) has been used from the initial treatment of SLE 
at onset. Therefore, most patients in the present study had 
not previously received HCQ. Rituximab was not admin-
istered in this cohort because it has not been approved for 
the treatment of SLE in Japan.

Maintenance therapy

Maintenance therapy comprised low doses of oral pred-
nisolone and oral immunosuppressants, including MMF, 
AZA, mizoribine, CsA, and tacrolimus. However, all 
patients who were initially treated with AZA and mizorib-
ine were switched to MMF (800–1200 mg/m2/day) even in 
the absence of flares after its approval for SLE treatment in 
2016 in Japan. In patients who could be tapered to a main-
tenance prednisolone dose of 0.1–0.15 mg/kg/day, further 
tapering with a slow dose reduction in 1-mg decrements 
over several months was followed until discontinuation 
was achieved. If possible, immunosuppressants were care-
fully tapered and discontinued after the discontinuation of 
prednisolone.

Flare management

The clinical management of flares was individualized. 
Briefly, additional MPT or increased prednisolone dosage 
was administered during flares, followed by switching the 
immunosuppressive regimen to MMF, adding tacrolimus 
to the current immunosuppressive regimen, or adding 
HCQ. The prednisolone dosage was tapered to the main-
tenance level after achieving remission. The patients with 
serological flares in asymptomatic cases were treated in 

advance, and treatment was revised to switch to or add 
immunosuppressants.

Statistical analysis

Values were expressed as medians (minimum–maximum). 
Fisher’s exact test was used to compare categorical vari-
ables, and the Mann–Whitney U test was used to compare 
continuous variables. Proportions of patients experiencing 
a flare and those who discontinued glucocorticoids were 
calculated with the Kaplan–Meier method using the time 
from treatment initiation. A two-sided P value of < 0.05 was 
considered to indicate statistical significance. All statistical 
analyses were performed using the JMP Pro 14 software 
package for Windows (SAS Institute Japan, Tokyo, Japan).

Ethics

This study was conducted in accordance with the principles 
of the Declaration of Helsinki and the Ethical Guidelines 
for Medical and Health Research Involving Human Sub-
jects of the Ministry of Health, Labor, and Welfare, Japan, 
and was approved by the institutional ethics committee of 
the National Center for Child Health and Development 
(approval no. 1868). Informed consent for participating in 
the study was not required in accordance with the above-
mentioned guidelines.

Results

Patient characteristics and initial treatment

During the study period, 31 of 37 children who were diag-
nosed with SLE in our institution fulfilled the inclusion cri-
teria, after the exclusion of 2 patients who were followed for 

Fig. 1   Flow diagram of patient 
selection

2133Pediatric Nephrology (2022) 37:2131–2139



1 3

less than 1 year and 4 patients who were lost to follow-up 
(Fig. 1). Four and two of the six patients who were excluded 
had moderate and severe SLE, respectively.

Table 1 summarizes the clinical characteristics of the 
study cohort of 31 patients, including sex, age at onset, lupus 

nephritis class, laboratory and urinary markers and SLEDAI 
score at diagnosis, and follow-up duration after treatment 
initiation. Briefly, 19 (61%) patients had severe p-SLE; 12 
(39%) and 7 (23%) patients had active class III and IV lupus 
nephritis, respectively. Although kidney biopsy was per-
formed for all patients, including those without abnormal 
urinary findings, one patient did not undergo kidney biopsy 
because the parents did not provide consent. He had normal 
urinary findings, and his SLEDAI score was 11 at onset. 
As remission induction therapy, 30 (97%) patients received 
several courses of MPT whereas 15 (48%) patients with 
severe p-SLE received IVCY. A median of 6 (range, 4–6) 
IVCY treatments was administered. All patients were treated 
with oral prednisolone. Thirty (97%) patients started oral 
immunosuppressant therapy together with remission induc-
tion therapy, which comprised MMF, AZA, mizoribine, and 
CsA in 18, 6, 5, and 1 patient, respectively. The median 
initial dose of MMF was 676 mg/m2 (range, 478–981 mg/
m2). The median maximum dose of MMF during the clini-
cal course was 1195 mg/m2 (range, 561–1546 mg/m2). The 
mycophenolic acid level was not measured. Clinical course, 
data, and outcomes at last follow-up were shown in Table 2.

Low disease activity and drug‑free remission

All 31 patients achieved low disease activity at last follow-
up. Among 25 patients who were observed for more than 
5 years, 22 patients (88%) maintained low disease activity 
for five consecutive years. Additionally, 3 (10%) patients 
who achieved drug-free remission for 3.7, 5.3, and 6.4 years 
did not experience a flare for 5.8, 6.4, and 8.9 years, respec-
tively, after the discontinuation of glucocorticoids and 
immunosuppressants. Immunosuppressants used at last fol-
low-up were MMF, MMF in combination with tacrolimus, 
and MMF in combination with CsA in 19, 8, and 1 patient, 
respectively.

Discontinuation of prednisolone

The Kaplan–Meier curve for time to discontinuation of pred-
nisolone from initiation of treatment is shown in Fig. 2A. 
During the study period, 19 (61%) patients could discontinue 
prednisolone by the last follow-up evaluation. The rates of 
prednisolone discontinuation were 26% (5/19), 63% (12/19), 
and 95% (18/19) in 3, 5, and 10 years after treatment initia-
tion, respectively.

Flares

The rates of flare-free survival are shown in Fig. 2B. 
Briefly, 15 (48%) patients experienced 34 flares dur-
ing the entire observation period, including 7 (47%) 
and 11 (73%) patients who experienced flares within 1 

Table 1   Characteristics at the time of disease onset in 31 patients 
with pediatric systemic lupus erythematosus

Values are expressed as numbers (%) or median (minimum–maxi-
mum)
AZA, azathioprine; BMI, body mass index; CsA, ciclosporin-A; 
eGFR, estimated glomerular filtration rate; IVCY, intravenous cyclo-
phosphamide therapy; MMF, mycophenolate mofetil; MPT, methyl-
prednisolone pulse therapy; MZB, mizoribine; NA, not available; PSL, 
prednisolone; SD, standard deviation; SLEDAI, Systemic Lupus Ery-
thematosus Disease Activity Index; TMA, thrombotic microangiopa-
thy

Female 19 (61%)
Age at onset (years) 10.4 (2.1–18.3)
Kidney biopsy class
   I
   II
   III (± V)
   IV (± V)
   V only
   TMA
   No biopsy

1 (3%)
3 (10%)
12 (39%)
7 (23%)
6 (19%)
1 (3%)
1 (3%)

Anti-nuclear antibody positive 31 (100%)
Anti-dsDNA antibody positive 30 (97%)
Hypocomplementemia 29 (94%)
Cr-eGFR (mL/min/1.73 m2) 114 (87–147.8)
Proteinuria 20 (65%)
Hematuria 12 (39%)
SLEDAI at onset 12 (7–30)
   0–10
   11–19
    ≥ 20
   NA

9 (29%)
16 (52%)
5 (16%)
1 (3%)

Severity
   Mild
   Moderate
   Severe

1 (3%)
11 (35%)
19 (61%)

Induction therapy
   MPT
   IVCY
   Oral PSL

30 (97%)
15 (48%)
31 (100%)

Initial maintenance therapy
Previous immunosuppressive drug
   MMF
   AZA
   MZB
   CsA
   None

18 (58%)
6 (19%)
5 (16%)
1 (3%)
1 (3%)

Height (SD) 0.01 (− 2.9 to 3.1)
BMI (kg/m2) 18.1 (13.0–28.2)
Z score of lumbar spine bone mineral density  − 0.6 (− 2.7 to 0.9)
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and 2 years following treatment initiation, respectively. 
Additionally, 8 patients experienced flares after achiev-
ing low disease activity. Only 1 of the 19 patients who 
discontinued prednisolone experienced flare whereas the 
remaining 18 patients did not experience flares during the 
median observation period of 37.2 (7.2–106.8) months 
after the discontinuation of prednisolone. Among these 

18 patients, none of the three patients who achieved drug-
free remission experienced flares after the discontinua-
tion of glucocorticoids and immunosuppressants. Of the 
34 flares, 10 were serological. The median SLEDAI score 
of the 10 serological flares was 4.5 (range, 2–5).

Patient outcomes

All patients in the study cohort were alive with normal 
kidney function at last follow-up. The median observation 
period from treatment initiation was 105.5 (range, 17–221) 
months. Follow-up kidney biopsy was conducted in six 
patients. Lupus nephritis improved in all patients on follow-
up kidney biopsy (class IV to III, class IV to II, class V to 
II, and class III to II in 2, 2, 1, and 1 patient, respectively). 
The median height was + 0.01 (range, − 2.9 to 3.1) stand-
ard deviation (SD) before treatment and − 0.01 (range, − 2.6 
to 3.1) SD at last follow-up. The median BMI was 18.1 
(range, 13.0–28.2) kg/m2 before treatment and 20.3 (range, 
15.4–28.9) kg/m2 at last follow-up.

Glucocorticoid‑related severe adverse 
effects

The adverse effects of glucocorticoid treatment are shown 
in Table 3. A total of ten glucocorticoid-related severe 
adverse effects were observed in nine patients during the 
entire observation period. These events were hypertension, 
glaucoma, osteoporosis, and femoral head necrosis in 1, 5, 
2, and 2 cases, respectively. Growth failure, defined as lower 
than − 2 SD change in height, was observed in two patients. 
The two patients with femoral head necrosis required sur-
gery, but the prognosis was not poor and one of the two 
patients could discontinue prednisolone at last follow-up. 
The median cumulative doses of oral prednisolone and 
intravenous MPT over the study period were 9.5 (range, 
4.6–44.2) g and 6.0 (range, 0.0–24.0) g, respectively.

Comparison between the patients 
with and without flares

The comparison between the patients with and without flares 
is shown in Table 4. MMF as initial immunosuppressant 
(P = 0.01) and shorter interval between therapy initiation 
and achieving maintenance dose (P = 0.001) significantly 
reduced flare risk. A younger age (P = 0.06) and AZA as 
initial immunosuppressant (P = 0.01) were also risk factors 
for flare.

Table 2   Clinical course, data, and outcomes at last follow-up

Values are expressed as numbers (%) or median (minimum–maxi-
mum)
BMI, body mass index; CsA, ciclosporin-A; Cr-eGFR; creatinine-esti-
mated glomerular filtration rate; HCQ, hydroxychloroquine sulfate; 
IVCY, intravenous cyclophosphamide therapy; MMF, mycophenolate 
mofetil; MPT, methylprednisolone pulse therapy; PSL, prednisolone; 
SD, standard deviation; SLEDAI, Systemic Lupus Erythematosus Dis-
ease Activity Index; Tac, tacrolimus

Observation period (months) 105.5 (17–221)
Low disease activity state 31 (100%)
Drug-free remission, n (%) 3 (10%)
Flares during the whole clinical course 15 (48%)
Flares after achieving at low disease activity 8 (26%)
Number of flares
   0
   1
   2
    ≥ 3

16 (52%)
7 (23%)
4 (13%)
4 (13%)

PSL dose at last follow-up (mg/day)
   0
   1
   2
   3
   4
   5
    > 5

18 (58%)
2 (6%)
3 (10%)
4 (13%)
1 (3%)
3 (10%)
0 (0%)

Immunosuppressive drug at last follow-up time
   MMF
   MMF + Tac
   MMF + CsA
   None

19 (61%)
8 (26%)
1 (3%)
3 (10%)

HCQ 8 (26%)
Cr-eGFR at last follow-up 114 (87–147.8)
SLEDAI at last follow-up 2 (0–4)
   0
   1
   2
   3
   4

12 (39%)
1 (3%)
9 (29%)
0 (0%)
9 (29%)

Height (SD)  − 0.01 (− 2.6 to 3.1)
BMI (kg/m2) 20.3 (15.4–28.9)
Z score of lumbar-spine bone mineral density  − 0.85 (− 2.8 to 0.4)
Death 0 (0%)
Cumulative dose of glucocorticoid (g) 19.9 (7.0–50.2)
Cumulative dose of oral PSL (g)
Cumulative dose of MPT (g)

9.5 (4.6–44.2)
6.0 (0–24.0)

Total number of IVCY treatments 6 (4–6)
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Comparison between the patients 
with and without prednisolone discontinuation

The comparison between the patients with and without pred-
nisolone discontinuation is shown in Table 5. There were no 

significant differences between the patients with and without 
prednisolone discontinuation. Young age tended to be a risk 
factor for prednisolone discontinuation (P = 0.08).

Discussion

In the present retrospective observational study, we evalu-
ated the clinical course, including remissions and flares, 
prednisolone discontinuation, and outcomes in patients with 
p-SLE. We found that all 31 patients included in the study 
were able to maintain low disease activity with or without 
prednisolone. We also found that 3 (10%) patients achieved 
drug-free remission and that 19 (61%) patients successfully 

Fig. 2   Kaplan–Meier curves for A time to discontinuation of PSL and B time to flare-free course. PSL, prednisolone

Table 3   Adverse effects of glucocorticoid treatment

Values are expressed as numbers (%)

Hypertension
Glaucoma
Osteoporosis
Femoral head necrosis
Growth failure

1 (3%)
5 (16%)
2 (6%)
2 (6%)
2 (6%)

Table 4   Comparison between 
the patients with and without 
flares

Values are expressed as numbers (%) or median (min–max).
AZA, azathioprine; CsA, ciclosporin-A; MMF, mycophenolate mofetil; MZB, mizoribine; SLEDAI, Sys-
temic Lupus Erythematosus Disease Activity Index

Flares (n = 15) No flares (n = 16) P value

Female 9 (60%) 10 (63%) 1.00
Age (years) 9.6 (2.1–18.3) 13.1 (7.3–16.3) 0.06
Lupus nephritis class III or IV 7 (47%) 11 (69%) 0.28
Lupus nephritis class III, IV, or V 10 (67%) 14 (88%) 0.22
SLEDAI at onset 11.5 (8–19) 12.5 (7–30) 0.37
Initial immunosuppressive drug
   MMF
   AZA
   MZB
   CsA
   None

5 (33%)
6 (40%)
2 (13%)
1 (7%)
1 (7%)

13 (81%)
0 (0%)
3 (19%)
0 (0%)
0 (0%)

0.01
0.01
1.00
0.48
0.48

Interval between therapy initiation and 
achieving maintenance dose (month)

18.8 (6.6–130.2) 7.3 (5.9–30.0) 0.001
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discontinued prednisolone during the median observation 
period of 105.5 months. Moreover, 18 (95%) patients did 
not experience any flares after the discontinuation of pred-
nisolone. Due to the increased availability of therapeutic 
options, glucocorticoid discontinuation might be feasible 
even in patients with severe p-SLE.

In adult-onset SLE, the rate of prolonged drug-free remis-
sion, defined as the absence of flares for more than five con-
secutive years, is only 2–7% [18, 19] whereas the rate of 
prolonged remission with prednisolone and/or immunosup-
pressants is 4.5–30.3% [18, 19]. In the present study, 22 
(88%) of the 25 patients who were followed for more than 
5 years maintained low disease activity for five consecu-
tive years, which was better than that reported in previous 
studies. Early and aggressive induction therapy in patients 
with severe p-SLE was reported to be associated with bet-
ter outcomes and fewer flares [20]. In the present study, 
the remission induction therapy comprised MPT and oral 
immunosuppressants with or without IVCY in moderate and 
severe cases. Furthermore, in most patients receiving IVCY, 
oral immunosuppressant administration as remission main-
tenance therapy was initiated simultaneously with IVCY. 
This intensified induction therapy approach might result in 
favorable outcomes, consistent with the findings of a previ-
ous report [17].

Moroni et al. reported a case series of patients with adult-
onset SLE who completely stopped glucocorticoid and 
immunosuppressive therapy [10]. The authors suggested 
that discontinuation of all treatments should be attempted 
only in certain patients, i.e., those who received mainte-
nance therapy for at least 5 years and achieved complete 
renal remission for at least 3 years. In the present study, three 
patients who were able to achieve drug-free remission did 

not experience subsequent flares during the observational 
periods of 5.8, 6.4, and 8.9 years after therapy discontinu-
ation. The duration of maintenance therapy and the length 
of discontinuation of all medications in these three patients 
were consistent with the recommendations by Moroni et al. 
Additionally, Basu et al. recently reported the benefits of 
rituximab for glucocorticoid discontinuation by comparing 
rituximab to IVCY and MMF used in remission induction 
therapy in a retrospective cohort study [11] and found that 
the glucocorticoid-free ratio at 36 months from onset was 
82% in patients treated with rituximab. Although rituximab 
was not used in the present study, 19 (61%) of the 31 patients 
could discontinue prednisolone during the median observa-
tion period of 105.5 months and 18 of the 19 patients did 
not experience any flares after prednisolone discontinuation. 
From the perspective of preventing severe flares and organ 
damage, discontinuing all treatment remains challenging; 
however, the results of the study by Basu et al. as well as the 
present study suggest that treatment discontinuation may be 
achievable in patients with excellent disease control.

Although there were no significant differences between 
the patients with and without prednisolone discontinuation, 
MMF as initial immunosuppressant (P = 0.01) and shorter 
interval between therapy initiation and achieving mainte-
nance dose (P = 0.001) significantly reduced flare risk. On 
the other hand, AZA as initial immunosuppressant was a risk 
factor for flare (P = 0.01). These results are consistent with 
a meta-analysis demonstrating the superiority of MMF to 
AZA as remission maintenance therapy for lupus nephritis 
[21]. At last follow-up, immunosuppressants as maintenance 
therapy in the present study were MMF alone or MMF in 
combination with a calcineurin inhibitor. Tacrolimus in 
combination with MMF is more effective than IVCY for 

Table 5   Comparison between 
the patients with and without 
discontinuation of PSL

Values are expressed as numbers (%) or median (minimum–maximum)
AZA, azathioprine; CsA, ciclosporin-A; MMF, mycophenolate mofetil; MZB, mizoribine; PSL, predniso-
lone; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index

Discontinuation of PSL 
(n = 19)

No discontinuation of 
PSL (n = 12)

P value

Female 11 (58%) 8 (67%) 0.71
Age (years) 9.6 (7.3–14.3) 13.0 (2.1–18.3) 0.08
Lupus nephritis class III or IV 12 (63%) 6 (50%) 0.70
Lupus nephritis class III, IV, or V 14 (74%) 10 (83%) 0.68
SLEDAI at onset 11.5 (8–19) 12.5 (7–30) 0.37
Initial immunosuppressive drug
   MMF
   AZA
   MZB
   CsA
   None

9 (47%)
4 (21%)
4 (21%)
1 (5%)
1 (5%)

9 (75%)
2 (17%)
1 (8%)
0 (0%)
0 (0%)

0.16
1.00
0.62
1.00
1.00

Interval between therapy initiation and 
achieving maintenance dose (month)

10.1 (5.9–43.3) 15.8 (6.5–130.2) 0.24
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remission induction and is also effective as maintenance 
therapy in adult patients with SLE [22]. In addition, MMF 
has fewer side effects than other immunosuppressants [23]. 
Therefore, MMF, alone or in combination with a calcineurin 
inhibitor, should be considered an excellent option for taper-
ing glucocorticoid use in pediatric patients with refractory 
SLE.

In children, growth impairment is a critical adverse effect 
of glucocorticoids [7, 12]. Furthermore, obesity and cushin-
goid appearance are often related to poor compliance, espe-
cially in adolescent patients, and may lead to increased rate 
of flares [24]. In the present study, the median final height 
and BMI at last follow-up were satisfactory despite the long-
term glucocorticoid exposure. Although femoral head necro-
sis developed in two patients who required surgery, other 
critical complications including cardiovascular issues were 
not observed in the present study.

Based on the findings of the present study, the points for 
the treatment strategy for p-SLE in our institution are sum-
marized as follows. Intense remission induction therapy that 
included MPT and a prompt initiation of an immunosuppres-
sant might allow for a lower starting dose of glucocorticoids, 
reduction of total IVCY dosage, and faster tapering and 
eventual discontinuation of glucocorticoids. In cases with a 
strong suspicion for a serological flare and showing evident 
disease activity, early intervention, including increasing glu-
cocorticoid dosage and changing or adding other immuno-
suppressants, should be considered. These strategies might 
aid in minimizing increases in glucocorticoid administration, 
in reducing total glucocorticoid dosage, and in decreasing 
organ damage. It should be noted that this strategy resembles 
the 2019 European League Against Rheumatism recommen-
dations [16].

There are several limitations in the present study. First, 
this was a single-center, retrospective study which enrolled a 
small number of patients, all of whom were Japanese. There 
might be racial differences in response to treatment for SLE 
[25]. Second, the impact of new medications, such as rituxi-
mab and HCQ, was not evaluated. The advent of these new 
therapeutic options may contribute to further improvements. 
Third, the selection of immunosuppressants administered at 
the onset of disease was not based on a uniform approach 
due to historical backgrounds, such as the delay of approval 
for immunosuppressant use in Japan.

In conclusion, approximately 60% of the patients with 
p-SLE in the present study were able to discontinue glu-
cocorticoids due to advances in treatment, demonstrating 
the possibility of discontinuing glucocorticoid use in some 
patients with p-SLE.
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