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What is already known
on this topic?

e Achievement of the adult defi-
nition of remission is associ-
ated with improved outcomes
in children with systemic lupus
erythematosus (SLE).

e Childhood definition of remis-
sion employs a lower gluco-
corticoid threshold for younger
and lighter patients.

What this study adds on
this topic?

e Childhood definition of remis-
sion is achievable in two-thirds
of children with SLE.

e Childhood and adult defini-
tions display significant con-
cordance, and only a minority
of children cannot achieve the
childhood definition of remis-
sion despite attaining the adult
definition.

e Serological activity adversely
affects remission.
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ABSTRACT

Objective: To identify the feasibility of achieving the childhood definition of remission, investi-
gate factors affecting achievement and determine the concordance rate with adult definition
in children with systemic lupus erythematosus (SLE).

Materials and Methods: Medical records of children diagnosed with SLE between 2012 and
2022 were reviewed. The Definitions of Remission in Systemic Lupus Erythematosus (DORIS)
definition of remission was used as the adult definition of remission, and a lower glucocorticoid
threshold, as proposed, was used for children weighing <50 kg. Cox regression analysis was
performed to identify features associated with remission.

Results: Among the 50 included patients, 35 (70%) achieved the adult definition of remission in
a median of 16 months. While 33 (66%) patients achieved the childhood definition of remission,
25 (76%) achieved both definitions concomitantly. A lower rate of damage (15.2% vs. 52.9%,
P = .008) and flare count (median 1vs. 2, P = .001) were observed in patients with remission
despite significantly longer follow-up duration (median 59 months vs. 32 months, P = .007).
Survival analysis revealed that the presence of positive anti-dsDNA antibodies (hazard ratio
[HR], 0.47; P = .035) and immunosuppressive usage (HR: 0.45, P = .032) were associated with a
higher risk of not achieving remission.

Conclusion: Childhood definition of remission is achievable in two-thirds of children with SLE
and displays substantial concordance with the adult definition. Additionally, the higher risk of
failure to achieve remission in children using immunosuppressants reflects a milder course in a
subgroup of children who achieved remission and signifies the need for more efficacious treat-
ment modalities for severe manifestations.

Keywords: Children, dsDNA, remission, systemic lupus erythematosus, treatment

INTRODUCTION

Systemic lupus erythematosus (SLE) is a prototype autoimmune disease associated with anti-
nuclear antibody development with a relapsing remitting nature.! The disease predominantly
affects women of childbearing age and displays a high burden among affected individuals.?
Childhood-onset disease is more severe compared to its adult counterparts and is associ-
ated with early damage accrual with more frequent major organ/system involvement.>#

In the last decade, the management of patients with SLE has changed significantly. Despite
being effective, the association of moderate to high doses of glucocorticoid treatment with
damage leads to the targeting of lower doses of glucocorticoids in the management of
patients with SLE.® In this context, a treat-to-target approach has emerged using compos-
ite outcomes to target well-controlled disease with low glucocorticoid doses.® Among these
treatment targets, lupus low disease activity state and remission have been shown to be
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protective against damage accrual and flare in both adults and
children.””" Recently, a childhood definition of remission was
proposed using a lower glucocorticoid threshold for children
weighing <50 kg.” However, the feasibility of the achievement
of childhood-onset remission and differences in attainment
compared fo the adult definition have not been widely studied.

With this study, the aim was to identify the feasibility of the
achievement of childhood definition of remission, investigate
factors affecting the achievement and determine the concor-
dance rate with adult definition in children with SLE.

MATERIALS AND METHODS

In this descriptive cohort study, children diagnosed with
SLE between 2012 and 2022, from a ftertiary referral center
(Karadeniz Technical University Farabi Hospital), experienced
in management of children with SLE in Turkiye, who fulfilled the
SLICC 2012 criteria, were included in the study.”® Patients with
irregular visits (>6 months) were excluded.

The study was conducted by reviewing the medical charts of
the patients. This study was conducted in accordance with the
Declaration of Helsinki and approval was granted by the Ethical
Committee of the Karadeniz Technical University Faculty of
Medicine (approval no: 2023/114, date: 16.06.2023). Informed
consent was obtained from all participants or legal guard-
ians. Clinical and laboratory features, treatments, and disease
activity were extracted from the medical files. Disease activity
was assessed using the systemic lupus erythematosus disease
activity index (SLEDAI) score.” Disease associated damage at
last visit, number of flares through the course and, attainment
and time to first achievement of the adult and childhood defi-
nitions of remission was noted.

Flare was defined as new-onset disease activity or worsening
of a previous manifestation that required either pulse methyl-
prednisolone, increase of the prednisolone dose, or initiation of
a new immunosuppressant or biological drug.” Damage was
evaluated using the SLICC/ACR damage index at the last visit
of patients.”® The DORIS definition of remission on treatment
was used for the adult definition of remission, which requires i)
absence of SLEDAI-based clinical activity irrespective of sero-
logical activity, ii) a physician global score of <0.5 (range 0-3)
for disease activity, iii) stable doses of immunosuppressants
and/or biologics, and iv) a prednisolone equivalent dose of <5
mg/day.” Proposed childhood definition of remission on treat-
ment is same with DORIS definition except requires <0.01 mg/
kg/day (maximum 5 mg/day) prednisolone equivalent dose
that result in a lower dose for children weighting <50 mg."
Achievement was accepted as fulfilment of remission criteria in
consecutive visits at least 3 months apart.

Descriptive statistics are presented as frequencies with per-
centages, means with SDs for normally distributed data, or
medians with interquartile ranges (IQR) for non-normally dis-
tributed data. Normality was assessed using the Kolmogorov-
Smirnov test with histograms. Categorical variables were
compared using Fisher’s exact test, and continuous variables
were compared using Student’s t-test or the Mann-Whitney
U test, according to the distribution of the data. Cox propor-
tional hazard analysis was used to identify features associated

with remission. Features associated with remission were iden-
tified using univariate analysis. Even statistically significant
associations were identified in univariate analysis a stepwise
approach, using variables significant at a P-value of <.01, was
employed for multivariate analysis, owing to the small sample
size of the study. Statistical analysis was performed using the
SPSS version 23 (IBM SPSS Corp.; Armonk, NY, USA), with sta-
tistical significance set at P < .05.

RESULTS

Among 54 patients diagnosed with SLE, 4 were excluded of
whom 2 due to irregular visits, 1 due fo missing information on
disease activity and treatments and 1 due to proceeding treat-
ment in another center shortly after diagnosis. The remaining
50 children with SLE, of whom 42 (84%) were female, were
included. The mean age at diagnosis was 13.8 + 3.1 years and
the median follow-up duration was 50 months. The most fre-
quent systemic involvement was musculoskeletal in 35 patients
(70%). Kidney involvement was observed in 25 (50%) patients,
and 16 (32%) patients displayed proliferative lupus nephritis.
While hypocomplementemia was evident in 42 (84%) patients,
ever presence of anti-dsDNA antibody was observed in 27
(54%) patients. The clinical and serological features of the
patients included in this study are shown in Table 1.

Table 1. Cumulative Clinical and Serological Characteristics of
Children Included in the Study

Features n:50 (%)
Age at onset (years), mean+SD 13.8 £ 3.1
Sex (female) 42 (84)
Follow-up duration (months), median (IQR) 50 (35-70)
Clinical characteristics

SLEDAI at onset, median (IQR) 12 (7-19)
Fever 26 (52)
Cutaneous involvement 26 (52)
Musculoskeletal involvement 35(70)
Kidney involvement 25 (50)
Proliferative nephritis (Class 111/1V) 16 (32)
Leukopenia 21(42)
Oral/nasal ulcers 10 (20)
Alopecia 10 (20)
AlHA 15 (30)
Thrombocytopenia 14 (28)
Serositis 12 (24)
Neurological involvement 10 (20)
Serological features

Hypocomplementemia 42 (84)
Positive anti-dsDNA 27 (54)
Positive anti-Sm 24 (48)
Positive anti-RNP 14 (28)
Positive anti-SSA 1(22)
Positive anti-ribosomal P 9 (18)
Lupus anticoagulant 12 (24)
Positive anti-cardiolipin antibodies 8 (16)
Positive anti-p2glycoproteint antibodies 6 (12)
AIHA, Autoimmune hemolytic anemia; dsDNA, deoxyribonucleic acid; IQR,
Interquartile range; n, number; RNP, Ribonucleoprotein; Sm, Smith; SSA,
Sjogren’s’ syndrome associated protein A.
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Among treatments, all patients received glucocorticoid treat-
ment and all, but 1, patients used hydroxychloroquine which
was due to a severe hydroxychloroquine induced drug reac-
tion. Immunosuppressive use was observed in 32 (64%)
patients. While cyclophosphamide and mycophenolate mofetil
were the most frequently used immunosuppressives in 19 (38%)
and 12 (24%) patients, respectively, azathioprine, methotrex-
ate, and tacrolimus were used in 11 (22%), 8 (16%), and 4 (8%)
patients, respectively. Also, 5 (10%) received rituximab treat-
ment for refractory manifestations.

During follow-up, 35 (70%) patients achieved the adult defi-
nition of remission in a median of 16 months. The childhood
definition of remission was achieved in 33 (66%) patients, and
among patients who achieved adult definition of remission, 26
(74%) achieved adult and childhood definitions contemporary.
The remaining 7 patients achieved childhood definition within
a median of 3 months. Only 2 patients achieved adult defini-
tion without attainment of childhood definition owing to the
glucocorticoid (GC) threshold due to the absence of actively
aftempting to achieve GC threshold of childhood definition in
clinical practice. Furthermore, the weight of these 2 patients
was in the 45-50 kg range, indicating that some patients close
to the weight threshold of childhood definition may not attain
childhood definition owing to the lack of tapering toward
the lower glucocorticoid threshold. Also, specific withdrawal
strategies for attainment of remission dosage have not been
actively implemented and driven by the clinical judgement.
Achievement of adult and childhood definitions are shown in
Table 2.

When compared, patients who achieved the childhood defi-
nition of remission displayed a significantly longer follow-up
duration [median months (IQR): 59 (47-72) vs. 32 (20-60),
P =.007]. Interestingly, the prevalence of kidney activity or pro-
liferative nephritis did not differ according to the achievement
of remission. However, autoimmune anemia (15.2% vs. 58.2%,
P = .03), positive anti-dsDNA (36.4% vs. 88.2%, P = .001), and
anti-phospholipid antibodies (12.1% vs. 58.8%, P = .001) were
significantly less frequent in patients who achieved remission.
In addition, patients with remission displayed a lower flare
count [median (IQR): 1 (0-1.5) vs. 2 (1-3.5), P = .001] and less
frequent damage (15.2% vs. 52.9%, P = .008) despite a longer
follow-up duration. Comparison of features according to the

Table 2. Achievement of Adult and Childhood Definitions of
Remission

n:50 (%)
Patients achieved adult definition of remission 35(70)
Time to adult definition of remission definition 16 (10-21)
(months) median (IQR) (n:35)
Patients achieved childhood definition of 33 (66)
remission
Contemporary achievement of both definitions 26 (74)
(n:35)
Time to subsequent achievement of both definitios 3(3-4)
after attainment of adult definition (months)
median (IQR) (n:7)
IQR, interquartile range; n, number.
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achievement of the childhood definition of remission is shown
in Table 3.

Cox regression analysis was performed fo identify the features
associated with remission. Univariate analysis revealed that
autoimmune anemia (hazard ratio [HR], 0.37; P = .02), leu-
kopenia (HR, 0.47; P = .04), immunosuppressive requirement
(HR: 0.37, P = .005), positive anti-dsDNA (HR: 0.37, P = .006),
and positive anti-Sm (HR: 0.46, P = .03) were associated with
a higher risk of not achieving remission. The features selected
in the regression analysis are listed in Table 4. Among these
variables, only positive anti-dsDNA and immunosuppressive
use were associated with a higher risk with a P-value <.01 and
were thus included in the multivariate analysis. Multivariate
analysis showed that both anti-dsDNA positivity and immu-
nosuppressive use were associated with a higher risk of not
achieving remission. Kaplan-Maier curves by the achievement
of remission are given in Figure 1.

DISCUSSION

Results of this study showed that the childhood definition of
remission is feasible and achieved by two-thirds of patients.
Additionally, only 4% of children did not achieve the childhood
definition of remission despite achieving the adult definition.
Furthermore, childhood and adult definitions display signifi-
cant concordance, and the duration from the achievement of
the adult definition of remission to the childhood definition is
not significantly long.

To date, only a recent study has investigated the feasibility
of achieving the childhood definition of remission in children
with SLE.” Similar to these results, adult and childhood defi-
nitions displayed significant concordance and showed similar
performance in their ability to reduce severe flares and new
damage development. Furthermore, they showed that remis-
sion on treatment was achieved in 60% of patients with a time
difference between adult and childhood targets not strik-
ingly different.® It should be noted that neither in this study
nor in the study by Sarker et al,’® glucocorticoid doses actively
attempted for attainment of these doses. Thus, these patients
may represent those who responded well to treatment rather
than cases in which tapering was intentionally pursued. Since
further tapering of glucocorticoids after achieving remission
is associated with an increased risk of flare in adults,” wide-
spread implementation of the childhood definition of remission
might require the determination of safety for flares by taper-
ing toward attainment of these glucocorticoid doses in children
with low body weight. In adults, the absence of major organ
system involvement and lower baseline disease activity has
been shown to be associated with remission. Furthermore, the
presence of anti-dsDNA adversely influences the achievement
of remission in adults.?>? While low C3 levels have an adverse
effect on spending most of the time for the adult definition of
remission in children with SLE, positive dsDNA is associated
with a lower duration of attainment for the childhood defini-
tion of remission in children.®'® This study reached similar con-
clusions, with anti-dsDNA antibody positivity being associated
with an increased risk of not achieving remission. Anti-dsDNA
antibodies are well known for their close relationship with dis-
ease activity and certain manifestations, such as nephritis and
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Table 3. Comparison of Features According to the Achievement of Childhood Definition of Remission

Patients with Remission, n: 33 (%) | Patients Without Remission, n: 17 (%) P
Age (years), mean * SD 14.0 + 3.0 13.4+2.2 .34
Sex (female) 26 (78.8) 16 (94.1) .24
Follow-up duration (months), median (IQR) 59 (47-72) 32 (20-60) .007
Cutaneous involvement 16 (48.5) 10 (58.8) .56
Musculoskeletal involvement 20 (60.6) 15 (88.2) .06
Kidney involvement 19 (57.6) 9 (52.9) 77
Proliferative nephritis 9 (27.3) 7 (41.2) .35
Leukopenia 11(33.3) 10 (58.8) 13
AIHA 5 (15.2) 10 (58.8) .030
Thrombocytopenia 8(24.2) 6 (35.3) .51
SLEDAI score, median (IQR) 1 (7-17) 18 (8-24) 13
Immunosuppressive usage 18 (54.5) 14 (84.2) .07
HCQ dose (mg/kg/day) mean * SD 6.1+0.9 5.4+17 .07
Flare count, median (IQR) 1(0-1.5) 2 (1-3.5) .001
SDI (IQR) 0 (0-0) 1(0-2) .004
Patients with damage * 5(15.2) 9 (52.9) .008
Positive APLA 4(12.0) 10 (58.8) .001
Positive anti-dsDNA 12 (36.4) 15 (88.2) .001
Hypocomplementemia 28 (84.8) 14 (82.4) >.99
Positive anti-Sm 13 (39.4) 11(64.7) 14
Positive anti-RNP 6 (18.2) 8 (47.1) .047

AIHA, autoimmune hemolytic anemia; APLA, anti-phospholipid antibodies; dsDNA, double-stranded deoxyribonucleic acid; GC, glucocorticoid; HCQ,

hydroxychloroquine; IQR, interquartile range; n, number; RNP, ribonucleoprotein; SDI, systemic lupus erythematosus damage index; SLEDAI, systemic lupus

erythematosus disease activity index; Sm, Smith.
* Evaluated at the last visit.

hematological features.?? Furthermore, positive anti-dsDNA
antibodies increase the odds of subsequent nephritis.? Thus,
a positive anti-dsDNA antibody might be an indicator of an
active/relapsing course regarding the attainment of remission,
and serologically active children might benefit from a more
rigorous treatment strategy. In this study, immunosuppressants
were associated with a higher risk of failure to achieve remis-
sion. Since survival analysis assesses risk over time, this result
does not imply decreased odds for the attainment of remis-
sion directly related to immunosuppressives. Instead, it signi-
fies a subgroup of patients where immunosuppressives were
not required either due to mild manifestations or glucocorti-
coid-responsive disease activity, and these patients’ risk of not

achieving remission over time was lower than children who
required immunosuppressives. Which also highlights that more
efficacious treatments are required for a significant proportion
of patients with manifestations that are refractory to standard
treatments. However, comparisons among different immuno-
suppressives could not be conducted because of the limited
sample size.

Hematological system and kidney involvement negatively
affect the achievement of remission in adults with SLE.2%?
Similarly, these results showed that features of hematologi-
cal system involvement were significantly associated with the
hazard of remission in univariate analysis. However, owing

Table 4. Cox Regression Analysis of Features Associated with Remission
Features Univariable Multivariable
HR 95% CI P HR 95% CI P
Lower Upper Lower Upper
Age 1.02 0.90 1.15 .80
Sex 1.01 0.44 2.32 .99
SLEDAI 0.99 0.90 0,99 .027
AIHA 0.37 0.16 0.85 .020
Leukopenia 0.47 0.23 0.96 .039
Proliferative nephritis 0.50 0.23 1.01 .08
Immunosuppressive usage 0.37 0.19 0.75 .005 0.47 0.23 0.95 .035
Positive anti-dsDNA 0.37 0.19 0.75 .006 0.45 0.22 0.93 .032
Positive APLA 0.50 0.21 1.20 12
Positive anti-Sm 0.46 0.23 0.94 .032
AIHA, autoimmune hemolytic anemia; APLA, anti-phospholipid antibodies; Cl, confidence interval; dsDNA, double-stranded deoxyribonucleic acid; HR, hazard ratio;
SLEDAI, systemic lupus erythematosus disease activity index; Sm, Smith.
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Figure 1. Kaplan-Meier survival curves of patients by the achievement of remission. A. According to the positive dsDNA antibody. B. according to the

immunosuppressive usage.

to the small sample size of the study, these features did not
progress into the multivariable analysis to avoid overfitting of
the model. Despite being considered among the most severe
manifestations of SLE and associated with unfavorable out-
comes, these results did not show any effect of proliferative
nephritis on the achievement of remission. This result is most
likely due to the use of intermittent pulse glucocorticoid treat-
ment in the management of children with proliferative nephri-
tis at the center. Adult studies have shown that increased
exposure to glucocorticoids, especially pulse treatment, is
associated with increased kidney response in patients with
proliferative nephritis.?* Furthermore, intermittent mini-pulse
treatments have been shown to be associated with lower
prednisolone doses through follow-up of patients with lupus
nephritis.?

The retrospective nature and small sample size are the most
notable limitations of this study. The absence of actively
attempting to achieve these treatment goals, specifically
tapering toward the target glucocorticoid dose of remission,
could be considered a limitation of this study. However, at the
center, glucocorticoids were tapered toward the lowest pos-
sible dose as a freatment target, even before the proposal
of these outcome measures. Furthermore, even prospective
validation studies of these treatment targets in adults have
not actively attempted to achieve these targets. Additionally,
the absence of a longitudinal evaluation of disease activity
and comparison according to indications and usage of differ-
ent immunosuppressants might be regarded as a limitation.
Despite the small sample size, the results provide significant
insight into the implementation of a treat-to-target approach
in children and show similar connections compared to adult
and childhood studies.

Conclusion

In conclusion, the childhood definition of remission is associ-
ated with improved outcomes and is comparable to that used
for adults. Adult and childhood definitions display significant
overlap, and only a minority of patients can achieve the adult
definition without attaining the childhood definition. However,
the lower risk of remission with immunosuppressants might sig-
nify a milder course of disease and highlight the need for more
efficacious treatments for children. Since adult and childhood
definitions were similar in terms of attainment and protective
value, further implementation of remission in the management
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of children with SLE would require determination of the flare
risk with tapering toward the lower glucocorticoid threshold in
children with low body weight.
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