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ABSTRACT
Childhood-onset systemic lupus erythematosus (cSLE) is a chronic inflammatory and autoimmune
disease that may involve various organs and systems. This narrative review focuses on the recent
evidence relating to cSLE management. The general management considerations of cSLE patients
require the use of validated classification criteria, disease and health-related quality of life tools
evaluation, as well as assessments of lupus nephritis biomarkers and cSLE quality indicators. The
drug treatment for cSLE patients includes general supportive care and immunosuppressive therapy.
Important implications on cSLE therapy are also updated such as infection, vaccination, infertility,
pregnancy, contraception, dyslipidemia, physical activity, cancer, bone health, drug pharmacoki-
netics, adherence, academic outcomes, transition to adult care and cumulative organ damage.
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Systemic lupus erythematosus (SLE) is a chronic inflam-
matory disease that may involve various organs and
systems, mainly skin, joints, kidney, central nervous
system, serous membranes and hematological system,
resulting in a large spectrum of clinical presentations
and production of multiple circulating autoantibodies.
[1] The disease course is variable, often characterized by
flares followed by variable periods of remission.[2]

Childhood-onset systemic lupus erythematosus
(cSLE) manifests before the age of 18 and affects
approximately 10–20% of all patients with SLE.[2] cSLE
is more severe with greater activity compared to the
adult with SLE, likewise more abrupt at onset, with
more aggressive clinical course and higher cumulative
damage scores in the former group.[1] Children and
adolescent patients also present higher prevalence of
nephritis, neurological, hematological involvement and
pulmonary hemorrhage.[3–5] The same immunosup-
pressive drugs are used for cSLE and adult SLE; how-
ever, cSLE patients require more aggressive treatment
to control the disease, with higher financial cost of
medical care [5] than the adult SLE populations.[4,5]

General management considerations for cSLE
patients

The general management considerations for cSLE
patients require the use of validated classification

criteria, disease and health-related quality of life tools
evaluation, as well as assessments of lupus nephritis
biomarkers and cSLE quality indicators.

Classification criteria for cSLE

Recently, new Systemic Lupus Collaborating Clinics
(SLICC) classification criteria were developed for adult
SLE patients.[6] Two studies validated the new classifi-
cation criteria for cSLE populations.[7,8] A multicenter
study compared the sensitivity and specificity of the
new SLICC criteria with those of the 1997 American
College of Rheumatology (ACR) criteria in cSLE patients.
The sensitivity and specificity for the ACR criteria were
76.6 and 93.4%, and for SLICC criteria were 98.7 and
85.3%, respectively.[7] Another study showed that the
SLICC criteria had higher sensitivity at first visit (82.7 vs
58%) and within the first year of follow-up (96.3 vs
91.3%) compared to 1997 ACR criteria.[8]

Disease and health-related quality of life
assessments

The challenge of overall disease activity evaluation has
resulted in the development of a number of disease
tools. The two main validated overall disease activity
scores that are currently assessed in clinical practice are
the Systemic Lupus Erythematosus Disease Activity
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Index (SLEDAI) and the British Isles Lupus Assessment
Group index. These tools should be evaluated in all
cSLE visits. The Systemic Lupus International
Collaborating Clinics/ACR damage index (SLICC/ACR-
DI) provides a measure of cumulative organ damage,
evaluating irreversible damage caused by the disease,
treatments and comorbidities.[9,10] This damage
accrual tool should be evaluated at least annually.

There are other instruments that should be consid-
ered in clinical practice and research. The Childhood
Health Assessment Questionnaire is a validated score
to assess physical function and disability in chronic
diseases that can also be applied for cSLE patients.
The Pediatric Quality of Life Inventory Rheumatology
Module [9] and the Simple Measure of the Impact of
Lupus Erythematosus in Youngsters are specific cSLE
tools to assess health-related quality of life.[11] The
Simple Measure of the Impact of Lupus Erythematosus
in Youngsters is a brief score, easy to manage and was
translated into 28 different languages.[12] Fatigue, pain,
mood, depressive and anxiety symptoms are present in
up to 65% of cSLE patients and these tools provide a
way to evaluate them.[13]

Consensus has been reached regarding standardized
measures of response to therapy in cSLE patients. The
core set of measures may help physicians to decide if a
patient has responded satisfactory to treatment and
facilitates clinical trials in cSLE patients.[14] Recently,
the Systemic Lupus Erythematosus Responder Index
was validated in cSLE patients. The Systemic Lupus
Erythematosus Responder Index includes changes in
the Safety of Estrogens in Lupus Erythematosus
National Assessment-SLEDAI, British Isles Lupus
Assessment Group and a 3-cm visual analogue scale
of the physician perception of disease activity to assess
patient improvement.[15] In addition, international con-
sensus has been reached to define inactive disease and
clinical remission in cSLE patients. Inactive disease
assesses cSLE status at a specific point in time. Clinical
remission presupposes the presence of inactive disease
for a period greater than 6 months and includes cSLE
therapy in the classification in one of three possible
levels of remission.[16]

Lupus nephritis biomarkers

A purpose of biomarker is a measurement of a biologi-
cal state or biological process.[17] Lupus nephritis bio-
markers seem to be a useful tool for early diagnosis of
lupus nephritis, to predict renal flares and monitor the
disease activity.[4,18] Two biomarkers have been
studied in cSLE populations: Neutrophil gelatinase-asso-
ciated lipocalin (NGAL) [19,20] and monocyte chemo-

attractant protein 1 (MCP1).[20] Serial measurement of
urine and plasma NGAL levels seems to be a predictor
of global and renal cSLE activity worsening.[19] Urinary
MCP1 and serum C3 levels may suggest current nephri-
tis in cSLE. Urinary MCP1 and urinary NGAL may also
predict subsequent renal disease activity changes.[20]

cSLE quality indicators

Quality indicators may be used to identify minimum
treatment standards of medical care for chronic dis-
eases. International consensus was recently achieved
for cSLE quality indicators, assessing medical care provi-
sion in nine domains: diagnostic testing, education on
cardiovascular risk and lifestyle, lupus nephritis, medica-
tion management, bone health, ophthalmological
examination, medical transition to adult clinic, preg-
nancy and vaccination.[21] Irrespective of country, lar-
ger tertiary centers tended to meet the cSLE quality
indicators more often than smaller pediatric rheumatol-
ogy centers.[22]

Drug treatment for cSLE patients

The drug treatment for cSLE patients includes general
supportive care and immunosuppressive therapy.

General supportive care

The overall goal of treatment is to achieve disease
control, improve health-related quality of life and pre-
vent tissue damage. The integration of cSLE patients
and their caregivers improves the adherence, which is
of utmost importance to manage the disease during
the treatment program.

The management of cSLE requires a multidisciplinary
team, including pediatric rheumatologists, nurses, psy-
chologists, nutritionists, physiotherapists, social work-
ers, nephrologists, dermatologists and other pediatric
specialists, according to the involvement of organs and
systems.

General management practices include use of sunsc-
reen protection, well-balanced diet with low levels of
salt and adequate intake of calcium, regular physical
exercises, strict control of blood pressure, immunization
and prompt management of infections. Smoking in
cSLE adolescents should be strongly discouraged.

Immunosuppressive agents

Specific drug therapies should be personalized for each
patient and based on disease extent and lupus severity,
as there is extreme variability of clinical manifestations.
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The majority of SLE studies with immunosuppressive
agents are based on adult literature.[3,23] Studies in
cSLE populations are generally nonrandomized clinical
trials and consensus/expert opinion, and the most
important immunosuppressant drugs for cSLE treat-
ment have never been tested for safety and efficacy in
large populations.[1,3,24] Therefore, randomized con-
trolled trials in pediatric lupus populations are required.

Of note, lupus nephritis is present to some degree in
the majority of children and adolescents with cSLE.
Nephritis is related to high morbidity and mortality
[3,25] and it is one of the most common manifestations
of cSLE.[23] Indeed, nephritis has been reported
between 67 and 82% of cSLE patients, mainly in the
first 2 years of disease course.[1,25] The outcome is
generally dependent on histological classification,
[3,26] thus early renal biopsy is required in all patients
with clinical and laboratory findings suggesting lupus
nephritis.[21,22,26]

Since nephritis is frequently observed in cSLE
patients, the first choice of therapeutic agents to be
used in this systemic disease is generally defined by this
organ involvement.[3] The cSLE drug treatment arsenal
for renal and other lupus manifestations includes anti-
malarials, glucocorticoids, immunosuppressants and
biological agents. Nephrotoxic drugs, particularly non-
steroid anti-inflammatory drugs, should be avoided in
all cSLE patients.[3]

Similarly to adult SLE treatment, hydroxychloroquine
(5.0–6.0 mg/kg/day) is indicated in all cases of cSLE
patients with or without nephritis.[3,23] Regarding glu-
cocorticoid use, a recent consensus treatment plan for
induction therapy of newly diagnosed proliferative
lupus nephritis in cSLE recommended three alternative
regimens: oral, intravenous methylprednisolone ther-
apy and a combination of both.[27] Prolonged use of
glucocorticoid should be avoided. Prednisolone/predni-
sone should be reduced to ≤10 mg/day within a time
period of 4–6 months and early withdrawal of this drug
is recommended.[3] Unfortunately, the efficacy and
safety of glucocorticoid treatment in terms of duration
and cumulative dose in cSLE population is still
unknown.

The lupus nephritis therapy consists of two parts:
induction (to control disease activity) and maintenance
(to avoid relapses and damage).[3,23,26] Recently, an
international task force of experts and a patient repre-
sentative developed treat-to-target-in-SLE recommen-
dations. They emphasized the relevance of antimalarial
use for all patients, suspension of glucocorticoids, early
diagnosis/treatment of nephritis, and also suggested at
least 3 years of immunosuppressant maintenance ther-
apy after the induction period.[28]

Recommended treatments for lupus nephritis class I
or II (according to the International Society of
Nephrology/Renal Pathology Society 2003 classification)
and for mild manifestations (cutaneous, articular and
serositis) are a combination of glucocorticoid and
hydroxychloroquine.[3,17]

Two treatment recommendations have recently
been developed for the management of SLE in focal/
diffuse proliferative and membranous lupus nephritis:
Joint European League Against Rheumatism and
European Renal Association-European Dialysis and
Transplant Association (EULAR/ERA-EDTA) recommen-
dations for the management of children, adolescent
and adult lupus nephritis,[29] and the ACR guidelines
for screening, case definition, treatment and manage-
ment of lupus nephritis.[30]

EULAR/ERA-EDTA recommendations suggested that
the management of lupus nephritis is similar in chil-
dren/adolescents and adults with SLE. The initial treat-
ment for patients with active (A) or active/chronic (A/C)
class III (±V) and class IVA or IVA/C (±V) lupus nephritis
(according to the International Society of Nephrology/
Renal Pathology Society 2003 classification) is myco-
phenolate mofetil (3 g/day for 6 months) or mycophe-
nolic acid sodium at equivalent dose or low dose of
intravenous cyclophosphamide (total dose 3 g over 3
months) in combination with glucocorticoids.
Mycophenolate mofetil and oral glucocorticoids are
indicated as initial treatment of pure class V lupus
nephritis with nephrotic proteinuria. The maintenance
therapy recommended is mycophenolate mofetil (dose
2 g/day) or azathioprine (2 mg/kg/day) for at least
3 years, in combination with low dose of prednisone
(5–7.5 mg/day). Progressive drug stopping is suggested,
starting with glucocorticoids, and hydroxychloroquine
is recommended for all patients with lupus nephri-
tis.[29]

The ACR guidelines for management of lupus nephri-
tis recommended for class III/IV induction therapy:
cyclophosphamide or mycophenolate mofetil in combi-
nation with intravenous methylprednisolone and oral
glucocorticoids (1.0 mg/kg/day). Intravenous cyclopho-
sphamide doses depend on ethnic background; low
doses (500 mg every 2 weeks, total six doses) are sug-
gested for Caucasians with European background. The
maintenance therapy is also recommended with myco-
phenolate mofetil or azathioprine.[30]

In adolescent cSLE population with class III-VA or III-
VA/C lupus nephritis, a prospective randomized trial
evidenced a therapeutic response to treatments with
intravenous cyclophosphamide or mycophenolate
mofetil similar to that observed in adult SLE.[31]
However, intravenous cyclophosphamide seems to
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have a better risk–benefit profile in cSLE compared to
adults, mainly better adherence.[3] The regimen pro-
posed by EUROLUPUS with low doses of intravenous
cyclophosphamide (500 mg every 15 days for 3 conse-
cutive months) has not been reported in the cSLE
population.

Renal protection, unless contraindicated, is recom-
mended for cSLE patients with proteinuria: angioten-
sin-converting enzyme inhibitors or angiotensin
receptor blockers.[3,23] The combination of angioten-
sin-converting enzyme inhibitor and angiotensin recep-
tor blocker should be discouraged, since this
combination was associated with high risk of hyperka-
lemia and impaired kidney function.[32] Anticoagulants
should be used in antiphospholipid syndrome of cSLE
patients.[10]

The treatment of refractory lupus nephritis may be
switched from cyclophosphamide to mycophenolate
mofetil or vice versa.[23] Other immunosuppressive
agents for refractory lupus nephritis are rituximab and
calcineurin inhibitors.[33,34] Rituximab (750 mg/m2 of
body surface area for two doses with interval of 2
weeks, maximum 1.0 g/dose) may be administered as
monotherapy or with concomitant immunosuppressive
medications in cSLE patients.[33] Tacrolimus adminis-
tered orally as a single dose of 3 mg/day (0.03–
0.075 mg/kg) after the evening meal was a safe option
for young patients with lupus nephritis.[34]

A recent systematic review of randomized controlled
trials was carried out for the induction treatment of
proliferative lupus nephritis. There was insufficient evi-
dence to conclude which of the immunosuppressant
agents (intravenous cyclophosphamide, mycophenolate
mofetil, tacrolimus or azathioprine) was superior. The
probability of renal remission was 50% or lower at 6
months.[35]

Studies in cSLE populations with neuropsychiatric
involvement are generally nonrandomized trials.[24] It
is important to exclude other non-cSLE etiologies for
neuropsychiatric signs and symptoms such as infection,
primary psychiatric disease, cancer, trauma and meta-
bolic abnormalities including acute kidney injury and
arterial hypertension.[23,25]

The therapy of neuropsychiatric diseases includes
immunosuppressive agents, symptomatic and anticoa-
gulation treatment. EULAR developed recommenda-
tions for management of SLE neuropsychiatric
involvement. Glucocorticoids and immunosuppressive
therapy are suggested for patients with systemic lupus
activity, as well as for patients with optic neuritis, asep-
tic meningitis, myelitis, cranial and peripheral neuropa-
thies, refractory seizure, psychosis and acute
confusional state.[36] High glucocorticoid dose and

intravenous cyclophosphamide should be the immuno-
suppressant of choice in cSLE patients.[24] Intravenous
immunoglobulin, plasmapheresis and rituximab may be
used for severe and refractory neuropsychiatric syn-
dromes.[10,23,24]

For refractory lupus with other organs and systems
involvements, methotrexate could be a therapeutic
option to treat cutaneous and articular manifestations.
[23,37] Rituximab, intravenous immunoglobulin and
plasmapheresis may be used for severe cSLE patients.
Danazol seems to be a useful drug to refractory auto-
immune thrombocytopenia and autoimmune hemolytic
anemia in lupus patients.[23] At present, there are no
published studies of belimumab and other biologic
agents use in cSLE population.[35]

Implications on cSLE therapy

cSLE patients are treated more frequently with higher-
dose and longer period of glucocorticoids and immu-
nosuppressant agents. Important implications on cSLE
therapy are infection, vaccination, infertility, pregnancy
and contraception, dyslipidemia, physical activity, can-
cer, bone health, drug pharmacokinetics, adherence,
academic outcomes and transition to adult care, and
cumulative damage.

Infection

Infections are an important cause of morbidity and
mortality in cSLE patients. They may manifest at disease
onset or during disease course and can mimic lupus
activity.[25,38–43] The most important risk factors asso-
ciated with severe infection in the pediatric lupus popu-
lation are related to the disease itself (disease duration,
lymphopenia, leucopenia, disease activity and hypo-
complementemia) and treatment (glucocorticoid and
immunosuppressant agents).[38–40,44–47] Long cSLE
duration may result in spleen atrophy and functional
asplenia.[44] Primary immunodeficiencies (C2, C4, C1q,
IgG2, IgM and IgA deficiencies) were identified in 22%
of cSLE and may also contribute to infections.[45]

Infections in cSLE patients are caused mainly by
viruses and bacteria,[25,43,46] and rarely by fungi and
protozoa.[25,39,40] The most common sites of infec-
tions in cSLE patients are skin and soft tissue, pneumo-
nias and urinary tract infections.[25,40,43]

Herpes zoster has been the most common viral
infection reported in cSLE patients. A recent study evi-
denced that cSLE patients had a higher susceptibility to
herpes zoster and it was characterized by a shorter
disease duration, disease activity and lower frequency
of postherpetic neuralgia than adult SLE.
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Immunosuppressive therapy was similar in cSLE and
adult SLE patients, with the exception of lower fre-
quency of mycophenolate mofetil in the pediatric
group. Both groups had a comparable and good overall
outcome.[38]

Bacterial sepsis is one of the most frequent causes of
cSLE mortality. One study observed that Staphylococcus
aureus and Pseudomonas aeruginosa, identified at cSLE
hospitalization, were significantly observed in deceased
compared to survivor patients. Logistic regression showed
that severe sepsis was the only independent variable
associated with death (OR: 98; 95% CI: 16.3–586.2).[25]

Lupus patients also had an increased susceptibility to
pulmonary and extrapulmonary tuberculosis with a poor
outcome. This infection has been described in 1.4% of
cSLE patients receiving immunosuppressive agents: glu-
cocorticoid, azathioprine and/or intravenous cyclopho-
sphamide. These patients were previously immunized
for bacillus Calmette–Guérin (BCG) vaccination, without
tuberculosis contact history and with normal tuberculin
skin test.[47] Therefore, screening with new tests for
tuberculosis diagnosis (such as QuantiFERON-TB Gold
test) is required, and a recent study showed that this
assay seemed to be a more accurate test for the detec-
tion of latent tuberculosis infection compared to tuber-
culin skin test in SLE patients that had previously
received BCG vaccination.[48]

Other opportunistic agents have also been reported
in cSLE patients.[39,40] A multicenter cohort study was
performed in a large cSLE population to assess fungal
infections. Invasive fungal infections were observed in
33/852 (3.9%) cSLE patients, particularly candidiasis and
aspergillosis. Disease activity and glucocorticoid ther-
apy were the main risk factors for these life-threatening
infections in early disease course, with a high rate of
fatal outcome.[40]

Vaccination

Live attenuated vaccines are not recommended for
immunosuppressed cSLE patients, but routine non-live
immunization is strongly indicated. No severe vaccine/
disease-specific adverse events have been observed in
cSLE patients who have been vaccinated with live or
non-live agents.[49,50]

A prospective and controlled study was performed in
cSLE patients who were randomly assigned to receive
or not varicella-zoster vaccine. The adverse events and
flares were similar in both groups. After vaccination,
four cases of herpes zoster infections were reported in
the nonimmunized cSLE patients, while no cases of
herpes zoster were reported in the immunized
group.[51]

Influenza, tetanus and hepatitis B vaccines are con-
sidered to be safe in cSLE patients. Seasonal influenza
vaccine was well tolerated, and no severe adverse
effects were observed in a few studies with limited
number of cSLE patients.[50] A single dose of pandemic
influenza A H1N1 vaccine demonstrated adequate dis-
ease safety, without serious adverse events, in a cSLE
population older than 9 years. However, high disease
activity impaired influenza A H1N1/2009 vaccine anti-
body production.[52] In addition, another study showed
that two doses of influenza A H1N1/2009 vaccination
induced an effective antibody response and rarely
caused adverse events in children under 9 years with
cSLE and other autoimmune rheumatic diseases.[53]

Quadrivalent human papillomavirus vaccination
seems to be safe in young female patients (aged
14–26 years) with autoimmune disorders, including
SLE.[54] Adequate immunogenicity and safety was
also observed after quadrivalent human papillomavirus
vaccine in a case–control study with SLE patients, aged
18–35 years.[55]

Infertility

Infertility is the inability to have a child after 1 year of
sexual activities without the use of contraception.
[56,57] There are general factors that may reduce repro-
ductive health in both genders: obesity, smoking, licit
or illicit drugs use, as well as female and male genital
abnormalities (such as endometriosis, neoplasia, varico-
cele and cryptorchidism).[58–60] Furthermore, there are
specific contributing factors that can cause impairment
of fertility in female and male cSLE patients, such as
hypothalamic–pituitary–gonadal axis dysfunction; auto-
immunity (antiovarian or antisperm antibodies) [58,60];
disease activity, chronic renal failure [57] and immuno-
suppressant agents.[56]

Complete assessment of ovarian reserve includes
new markers of ovarian function, particularly anti-
Müllerian hormone levels and ovarian ultrasound to
assess antral follicle count. Two studies evaluated
these gonadal parameters in adolescents and young
female patients with cSLE. Impaired ovarian reserve, in
spite of the presence of menstrual cycles, was observed
in cSLE patients after cyclophosphamide treatment.[61]
Another study assessed ovarian reserve markers and
anti-corpus luteum antibodies in adult cSLE patients,
and demonstrated for the first time that a high cumu-
lative methotrexate dose was a possible cause of sub-
clinical ovarian dysfunction in this population.[62]
Further studies are necessary to confirm this deleterious
effect of methotrexate in other pediatric rheumatic
diseases.
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The male gonadal function requires a global assess-
ment that includes urologic clinical examination, testi-
cular ultrasound, hormone profile, semen analysis and
antisperm antibodies.[57,59,60] Three studies evaluated
these gonadal parameters in adolescents and young
male SLE patients.[63–65] Lupus patients have a high
frequency of sperm abnormalities and reduced testicu-
lar volumes. Intravenous cyclophosphamide therapy
was the main factor for potential permanent damage
to the testes.[63] Another study reported a high fre-
quency of testicular Sertoli cell dysfunction, evaluated
according to serum inhibin B levels, in male SLE treated
with this alkylating agent.[64] The third study evi-
denced reduced penile dimensions in SLE patients
with no deleterious effect in the erectile function.
Disease onset before first ejaculation seems to affect
penis development in prepubertal cSLE patients.[65]

Therapy with a gonadotropin-releasing hormone
agonist or embryo and oocyte cryopreservation in post-
pubertal females and sperm cryopreservation for future
assisted reproductive technologies in postpubertal
males should be started before or at the beginning of
treatment with intravenous cyclophosphamide.[57]

A recent multicenter, randomized, double-blind, pla-
cebo-controlled and dose-escalation study evaluated a
gonadotropin-releasing hormone agonist for ovary pro-
tection of cSLE patients who needed intravenous cyclo-
phosphamide. Treatment with triptorelin (120 mg/kg
body weight) provided a continuous complete ovarian
suppression in 90% of cSLE patients. An interval of 22
days after the initiation of triptorelin treatment was
required before the initiation or the continuation of
intravenous cyclophosphamide treatment.[66]

Pregnancy and contraception

A multicenter study was performed to evaluate preg-
nancy outcome in adolescents and young cSLE patients.
The mean age at the first sexual intercourse was
16.4 ± 1.8 years. A total of 24 unplanned pregnancies
occurred in 298 (8%) patients. Live births were evi-
denced in 75%, early fetal losses in 21% and neonatal
death in 4%. Despite contraceptive prescriptions for all
cSLE patients, four pregnancies were inadvertently
exposed to intravenous cyclophosphamide for nephri-
tis, resulting in fetal loss in three. In multivariate analy-
sis, only inadvertent intravenous cyclophosphamide use
at start of pregnancy was an independent risk factor for
fetal loss.[67]

Therefore, adolescents and young patients should be
educated about their rights to confidential reproductive
health care and about sexual function, condoms and
emergency contraception.[68,69] Intrauterine devices

may also be indicated as the first-line contraception
for teenagers.[69] Due to low adherence for treatment
in adolescent cSLE population, sexually active patients
should be advised that it is preferable to use long-
acting contraceptive.

Implant, intrauterine device or injection progester-
one contraceptive methods may be offered to prevent
unplanned and unwanted pregnancies in SLE, particu-
larly in those with flares, severe disease course and
while using teratogenic drugs.[70] Depot medroxypro-
gesterone acetate may induce osteoporosis, particularly
in patients under glucocorticoid therapy,[67] and oral
contraceptive pills with estrogen in contraindicated in
patients with antiphospholipid antibodies.[70]

Dyslipidemia

There are five quality-driven care items for cSLE on
“Education on cardiovascular risk factors” that should
be evaluated every 1–2 years: arterial hypertension,
high body mass index, screening for diabetes mellitus
risk, smoking and serum lipid levels.[21]

Subclinical atherosclerosis is a relevant issue in cSLE
patients. Atherosclerotic plaques in the aorta artery
were evidenced in 17% of cSLE autopsies, generally
induced by chronic inflammation and dyslipidemia.[25]

Dyslipidemia occurs due to multiple factors in cSLE
patients, such as chronic inflammation, autoantibodies,
renal involvement, physical inactivity, obesity, lipody-
strophy and drug therapy. Disease activity and gluco-
corticoid use are the main risk factors for dyslipidemia.
[71] Disease activity increased triglycerides and
decreased high-density lipoprotein levels, while corti-
costeroid increased total cholesterol and low-density
lipoprotein cholesterol.[72]

A double-blind, placebo-controlled clinical trial was
performed to assess efficacy and safety of atorvastatin
in cSLE patients, named APPLE trial (Atherosclerosis
Prevention in Pediatric Lupus Erythematosus study).
cSLE patients treated with atorvastatin had lower
high-sensitivity C-reactive protein, and lower total cho-
lesterol and LDH levels compared to placebo. Serious
adverse events were similar in both groups. Progression
of common carotid intima-media thickening did not
differ between cSLE patients treated with atorvastatin
compared to those without this statin.[73] Recently,
another APPLE study reported that atorvastatin may
decrease atherosclerosis in postpubertal cSLE patients
with higher C-reactive protein.[74]

Prospective long-term studies that include statin
treatment at disease presentation are, therefore,
required. Additionally, patients with severe hypercho-
lesterolemia and active nephrotic syndrome, excluded
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from APPLE study, could represent subgroups of cSLE
that possibly are more responsive to atorvastatin
therapy.

Physical activity

Physical inactivity in patients with pediatric rheumatic
diseases may induce chronic fatigue, obesity and mus-
cle weakness or atrophy.[75] On the other hand, regular
physical activity may reduce inflammatory markers,
improving physical function, muscle strength and over-
all health-related quality of life,[75–77] supporting the
notion that regular physical exercise may be an adju-
vant treatment for cSLE patients.[76]

A recent controlled randomized trial evaluated safety
and efficacy of a 12-week supervised aerobic training
program in order to improve the cardiorespiratory
capacity in cSLE patients. Indeed, this aerobic exercise
training was safe and capable of ameliorating the car-
diorespiratory capacity and the autonomic function in
these patients. Disease and cumulative damage scores,
inflammatory markers and prednisone dose remained
stable throughout the study.[78]

Creatine supplementation seems to be a promising
therapy to counteract muscle dysfunction and low lean
mass in various chronic diseases. A recent randomized,
double-blind, placebo-controlled and crossover trial
assessed the efficacy and the safety of creatine supple-
mentation in cSLE population. A 12-week creatine sup-
plementation at a dose of 0.1 g/kg/day was safe,
however, did not influence intramuscular phosphoryl-
creatine, muscle function, free-fat mass or health-
related quality of life in nonactive cSLE patients.[79]

Cancer

Malignancies should be considered as a differential
diagnosis at cSLE onset, especially leukemia and lym-
phoma.[80] SLE patients also had an increased predis-
position to non-Hodgkin’s lymphoma, thyroid, lung,
liver and vulvar/vaginal cancer during disease
course.[81]

One multicenter study evaluated cancer incidence in a
large cohort of cSLE patients and compared it to age and
gender general population cancer rates. Fourteen inva-
sive cancers were observed with a standardized inci-
dence ratio of 4.7, and three hematologic cancers (non-
Hodgkin’s lymphoma in two cSLE patients and leukemia
in one) were evidenced with standardized incidence ratio
of 5.2. A trend for higher risk of cancer was found
between 10 and 19 years after cSLE diagnosis.[82]

Bone health

Children and adolescents with cSLE may show a signifi-
cant deficit of bone mineral density (BMD) and a per-
sistent reduced bone accrual over years, resulting in a
reduction of bone mass peak and high risk of osteo-
porosis in early adulthood.[83,84] Multiple causes may
be responsible for osteoporosis in cSLE population,
including reduced physical activity, systemic inflamma-
tion, glucocorticoid use, pubertal delay and inadequate
intake of calcium and vitamins.[83] Glucocorticoid-asso-
ciated osteoporosis is a frequent complication of cSLE
and its mechanism is related to dose and duration of
glucocorticoid therapy. Although the effect of this drug
on the skeleton is frequently painless and indolent,
secondary osteoporosis can result in significant fracture
risk and pain.

Osteoporosis diagnosis in childhood is limited by the
current noninvasive techniques, mainly dual-energy
X-ray absorptiometry, which remains the gold standard
method. Dual-energy X-ray absorptiometry of the lum-
bar spine and the total body (except the head) is
recommended at the time of diagnosis and thereafter,
every 1 or 2 years, and at least 6 months after interven-
tions that affect bone health.[9,85]

To lower the risk of bone mass loss, close monitoring
of BMD, physical activity and dietary intake of calcium
(1300 mg/day for children ≥ 9 years) and vitamin D are
recommended, as well as treatment with bisphospho-
nates in some cases.[9] The Institute of Medicine
recently recommended serum levels of 25-hydroxyvita-
min D (25OHD) above 50 nmol/l (20 ng/ml) as ade-
quate. The American Endocrine Society recommends
values above 30 ng/ml [84] and for patients using
glucocorticoid, values of 40 ng/ml are recommended
by experts.[86] For pediatric population, vitamin D
intake of 600 IU/day, with a maximum of 4000 IU, is
generally recommended.[9]

Vitamin D deficiency seems to be associated with
many autoimmune diseases, including SLE.[87–89] In
fact, there is evidence that, as in lupus adults, cSLE
patients have a high prevalence of vitamin D deficiency
affecting around 50% of patients, and associated with
lower spine BMD and whole body BMD.[84,89] The
general recommendations for SLE population to avoid
sun exposure associated with the high incidence of
renal involvement in the pediatric patients may also
contribute to low vitamin D. Glucocorticoids seem to
have an effect on the vitamin D metabolism, worsening
this deficit.[84]

Vitamin D plays an important role in innate and
adaptive immune responses, modulating T-cell, B-cell
and antigen-presenting cell function and switching
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immune profile from Th1/Th17 to Th2/Treg.[84] Casella
et al. studied the effects of this hormone on disease
activity in cSLE. Patients with 25OHD levels ≤ 20 ng/ml
had higher SLEDAI and lower C4 levels.[84] In addition,
the beneficial effects of cholecalciferol supplementation
on SLEDAI and fatigue were observed in a randomized
double-blind placebo-controlled trial with cSLE
patients, the intervention had a good safety profile.[90]

Another remarkable effect of vitamin D has been
proposed. A subanalysis of the APPLE study evaluated
the relationship between vitamin D status and atorvas-
tatin treatment on atherosclerosis progression. In the
adjusted longitudinal model, it was observed that
patients with higher 25OHD levels at baseline and ator-
vastatin randomization had significantly lower mean-
max carotid intima medial thickness progression after
3 years of follow-up.[91] It was also demonstrated that
vitamin D deficiency was an independent factor asso-
ciated with elevated higher C-reactive protein, a marker
of inflammation that predicts cardiovascular disease
risk.[92]

Adherence and drug pharmacokinetics

The majority of cSLE patients are adolescents. In this
period, they build up their own identity and are very
worried about their physical appearance. Alopecia,
cutaneous lesions, arthritis as well as therapy-related
adverse effects (hirsutism, moon faces, striae and
weight gain) can make a challenge for these teenagers
to deal with this diagnosis and treatment.[93] Poor
adherence not only leads to poorer outcomes, but
also may increase health-care costs due to emergency
department visits and hospitalizations. In fact, a sys-
tematic review found that nonadherence by pediatric
chronic patients was responsible for up to 69% of all
hospital admissions.[94]

As half of cSLE patients are generally noncompliant
to medications, studies have been conducted trying to
find effective interventions to improve adherence.[94] A
prospective study was carried out in cSLE patients to
evaluate the effects of cellular text messaging remin-
ders. The intervention seemed to be effective on clinic
visit attendance, although no improvement was
observed on adherence to hydroxychloroquine
intake.[95]

Another promising clinical tool for documenting
patient compliance to therapy, determining clinical effi-
cacy and explaining drug toxicity could be measure-
ment of drug metabolites and pharmacokinetic (PK)
studies. By this methodology, markedly low levels of
specific medication metabolites could suggest noncom-
pliance.[96] Additionally, PK of prednisolone, a

prednisone metabolite, and PK of mycophenolic acid,
the active metabolite of mycophenolate mofetil, are
associated with high inter- and intra-individual variabil-
ity and the relationship between dosage and plasma
concentration are not very well understood, especially
in children.[96,97]

There are few studies in the literature evaluating
medications PK in cSLE. Recent reports developed a
population PK model to explain the influence of enter-
ohepatic recycling of mycophenolic acid in cSLE
patients and the interference of concomitant use of
nonsteroidal anti-inflammatory drugs in impairing this
recycling, and consequently decreasing the mycophe-
nolic acid plasma concentration.[97,98]

Academic outcome and transition to adult care

Academic performance is an important aspect of
health-related quality of life in pediatric population. A
recent study reported that cSLE patients have signifi-
cantly inferior academic outcomes compared to demo-
graphically matched healthy controls, that was related
to disease activity, despite comparable neurocognitive
tests.[99]

Adolescents and young cSLE patients may be vulner-
able to medical and psychosocial challenges during
transition from pediatric to adult care. Therefore, it is
important that adolescents and the young ones are
prepared to manage with their disease during this
process.

A telephone survey was carried out following the
transition to adult care in cSLE population. Fifty-four
percent of cSLE patients had transition problems to
adult care, mainly due to insurance loss and emotional
readjustment. After transition, disease activity was
higher during adulthood, particularly due to nephritis
and neuropsychiatric involvement.[100]

Cumulative organ damage

Cumulative damage may have significant, long-lasting
physical and psychosocial consequences in cSLE. It is a
predominantly disease-related consequence, although
treatment with high doses of glucocorticoids and
immunosuppressive drugs are also contributing factors.
The frequency of SLICC/ACR-DI > 1 ranges from 28 to
52% of patients in 2–4 years of disease duration.
[101,102] Neuropsychiatric and renal involvements are
the main predictors of higher damage accrual over
time.[103] Renal damage is more frequently observed
in patients with disease onset before 10 years of age
and musculoskeletal damage is a late manifesta-
tion.[103]
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Expert commentary & five-year view

The new SLICC classification criteria were validated for
cSLE populations, showing higher sensitivity and lower
specificity than ACR criteria. The challenge of overall
disease activity evaluation, as well as physical function
and disability, health-related quality of life and fatigue,
depression and anxiety symptoms assessments, has
resulted in the development of a number of disease
activity tools to use in clinical practice and research.
Lupus nephritis biomarkers seem to be useful to predict
renal flares and to monitor the disease activity. Quality
indicators should be used to identify minimum treat-
ment standards of medical care for pediatric chronic
diseases, and international consensus was recently
achieved for cSLE quality indicators. Lupus nephritis is
probably present to some degree in the majority of
children and adolescents with cSLE. Since nephritis is
frequently observed in cSLE patients, the first choice of
therapeutic agents to be used in this systemic disease is
generally related to this organ involvement. The cSLE
drug arsenal for renal and other lupus manifestations
include antimalarials, glucocorticoids, immunosuppres-
sants and biological agents, but the lack of randomized
clinical trials in cSLE precludes the safety and efficacy
assurance of these medications in large pediatric
populations.

The most important guidelines for cSLE therapy were
updated, such as infection (herpes zoster, bacterial sep-
sis, tuberculosis and invasive fungal infections); live
attenuated and non-live vaccination; infertility and
gonadal protection in cSLE patients with immunosup-
pressive agents; unplanned and unwanted pregnancy;

contraceptive methods; dyslipidemia and efficacy and
safety of atorvastatin use in cSLE patients; physical
activity and creatinine supplement; cancer incidence;
bone health, and vitamin D evaluation and supplemen-
tation; drug pharmacokinetics; academic outcomes;
transition to adult care and cumulative organ damage
in cSLE populations.

Adolescence is a period to consolidate identity,
developing a positive body image, to establish social
relationships, to achieve independence and sexual
identity, and to move from school to tertiary education
or work. These aspects may be delayed in cSLE patients.
The immaturity and the dependence on family may be
associated with nonadherence of treatment in cSLE
patients and with a high financial cost. Disease flare
and glucocorticoid use may impact linear growth and
body image, resulting in psychological problem and
low self-esteem. Therefore, prolonged use of glucocor-
ticoid should be avoided.
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Key issues
● The new Systemic Lupus Collaborating Clinics classification criteria were validated for childhood-onset systemic lupus erythematosus (cSLE)

populations, showing higher sensitivity and lower specificity than ACR criteria.
● Lupus nephritis biomarkers seem to be a useful tool to predict renal flares and to monitor the disease activity.
● Studies in cSLE populations generally were nonrandomized clinical trials and consensus/expert opinion, and the most important immunosup-

pressant drugs for cSLE treatment have never been tested for safety and efficacy in large populations.
● Hydroxychloroquine is indicated in all cSLE patients with or without nephritis. Prolonged use of glucocorticoid should be avoided in cSLE.

Intravenous cyclophosphamide seems to have a better risk–benefit profile in cSLE compared to adults, mainly best adherence.
● cSLE patients had a higher susceptibility to herpes zoster infection but a lower frequency of postherpetic neuralgia than adult SLE. Invasive fungal

infections occurred at early disease onset and with a high rate of fatal outcome.
● Intravenous cyclophosphamide therapy was the major factor in decreasing ovarian reserve and increasing sperm abnormalities in adolescents and

young cSLE patients. Triptorelin for postpubertal females and sperm cryopreservation for future assisted reproductive technologies for
postpubertal males should be started before or at the beginning of cyclophosphamide therapy.

● Atorvastatin may reduce atherosclerosis progression in postpubertal lupus patients with higher C-reactive protein.
● Aerobic exercise training was safe and capable of ameliorating the cardiorespiratory capacity and the autonomic function in cSLE patients.
● Vitamin D supplementation is indicated in cSLE patients with hypovitaminosis. A significant improvement of Systemic Lupus Erythematosus

Disease Activity Index and fatigue related to social life score was observed in cholecalciferol-supplemented cSLE patients compared to controls.
● Inferior academic outcomes, low adherence and transition problems to adult care were evident in cSLE patients.
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