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Systemic lupus erythematosus (SLE) is a multisystem inflammatory disease ofAbstract
unknown aetiology, which is characterised by recurrent disease flares that may
affect any organ system. Renal involvement remains one of the chief causes of
morbidity and mortality in children with lupus. Nephritis occurs in approximately
two-thirds of patients, ranging from mild glomerulitis to life-threatening occur-
rences of diffuse proliferative glomerulonephritis. As lupus nephritis is a condi-
tion of no single aetiology, there is no single cure. Corticosteroids, although still
the first line of treatment, are increasingly being superseded by cytotoxic drugs, in
particular cyclophosphamide and corticosteroid-sparing agents. Newer agents
such as mycophenolate mofetil, although effective in the treatment of lupus in
adults, are less effective in children. Standard of care for highly active lupus
nephritis in children remains intravenous cyclophosphamide, although prelimina-
ry experience suggests that the addition of rituximab may allow for remission
induction with a reduction in cumulative cyclophosphamide dose. Combination
therapies and newer agents appear promising for the future as our understanding
of the immune system and its dysregulation in SLE improves. In this review, we
discuss the current standards of care, newer therapies currently in use, and
emerging treatments still undergoing development and investigation. We con-
clude by discussing our guidelines for treatment at the present time and sugges-
tions for the comprehensive care of children with lupus nephritis.

The annual incidence of systemic lupus erythe- ment. The kidneys, skin, lungs, heart, liver and CNS
matosus (SLE) in adults is estimated at 2–7.6/ are all commonly affected.
100 000 per year.[1] In children, the incidence in the Renal involvement, which occurs in approxi-
US is somewhat lower, estimated at 0.53–0.60/ mately two-thirds of patients, ranges from mild glo-
100 000 per year. In one study, the prevalence of merulonephritis to severe diffuse proliferative glo-
lupus in the first decade of life in Los Angeles was

merulonephritis (DPGN), and remains a major cause
investigated. Cases per 100 000 patients aged <10

of morbidity and mortality in children with lupus.[5]

years ranged from 1.27 for Caucasian females to 6.6
In addition, children may develop nephrotic syn-

for Oriental females, with intermediate results for
drome and/or cardiac, vascular or cognitive sequelaeBlack and Hispanic girls. For all races, the number
related to poorly controlled renovascular hyperten-of males aged <10 years affected was 1/100 000.[1-4]

sion. Without aggressive intervention, the prognosisApproximately 15% of all cases have onset in child-
for children with significant renal involvement re-hood.[1] There are significantly more women affect-
mains poor. McCurdy et al.[6] report 71 childrened by SLE, but the imbalance in sex incidence is less
with lupus nephritis, of whom 16 (22%) developedstriking in young children, with earlier and more
chronic renal failure. Ten of the children were main-severe disease seen in male patients.[1,4]

tained on dialysis, of whom five died of sepsis.The clinical manifestations of SLE are legion and
Hagelberg et al.[7] report only 56% survival for non-have been well described. Lupus can cause inflam-
Caucasian patients treated in a less aggressive set-mation in any organ system, and the disease course

varies in chronicity, severity and organ involve- ting.
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Corticosteroid dependence is a major issue for Although the pathological event underlying tissue
children with lupus. As our ability to treat complica- damage in SLE appears to be the formation of
tions of SLE has improved, with longer survival we immune complexes, the driving force behind the
are confronted by unacceptable levels of corticos- production of self-reactive antibodies remains un-
teroid-induced toxicity. These treatment-related clear. B cells, T cells and dendritic cells appear to
morbidities have become a prominent aspect of the have diverse effects on the immune dysregulation
long-term morbidity and mortality of childhood lu- seen in SLE. All or only some of these factors may
pus.[8-12] In this review, we highlight the use of come into play in a particular individual, which may
cytotoxic medications and other steroid-sparing explain not only the diversity of clinical manifesta-
agents, which play a major role in reducing treat- tions but also the variability in disease course be-
ment-related morbidity and improving the quality of tween individuals. Emerging information regarding
life for children with SLE. Early and aggressive defective apoptosis and various genetic influences
treatment is critical if physicians wish to attain a in SLE may pave the way for still further advances
satisfactory long-term outcome for children with in therapeutics with new targets for therapy.
lupus. There is no single ‘cause’ of SLE and, in the

absence of a single cause, it is uncertain whether
1. Systemic Lupus Erythematosus (SLE) there will ever be a single ‘cure’. However, we have

been able to improve the prognosis for affectedThe clinical manifestations of lupus are the end
children markedly with the advent of improved un-result of a complex interplay of immunologically
derstanding, decreased use of corticosteroids andmediated events in a genetically predisposed indi-
increased use of advanced medications.vidual. These events may be influenced by hormo-

nal, infectious or environmental triggers in any com-
1.1 WHO Classifications

bination. Immune dysregulation with polyclonal B-
cell activation results in the formation of pathogenic When discussing lupus nephritis, it is important
immune complexes with tissue deposition, comple- to have a standard frame of reference. Although
ment activation and consequent end-organ damage. some additional refinements and modifications have

Table I. WHO classification system for lupus nephritis[13]

Class Clinical signs Histological appearancea

Class I Normal urinary sediment, renal No evidence of disease
function, blood pressure

Class II Mild protineunuria/haematuria Hypercellularity,
Mesangial nephritis Normal renal function Immune deposits

Class III Haematuria <50% glomeruli involved segmental areas of hypercellularity
Focal proliferative Proteinuria (typically below invasion of glomerular space
glomerulonephritis nephrotic range)

Class IV Haematuria ≥50% glomeruli involved
Diffuse proliferative Nephrotic-range proteinuria Generalised hypercellularity
glomerulonephritis Hypertension ‘Full house’ pattern of immune complex deposition (IgM, IgG, IgA,

Declining renal function C3, C4) in subendothelium and subepithelium

Class V Proteinuria Thickening of basement membrane
Membranous nephropathy Haematuria less common Immune complex deposition

No glomerular hypercellularity

Class VI End-stage renal disease Glomerular sclerosis, fibrous crescents
Glomerular sclerosis Hypertension

a Histological appearance of renal biopsy tissue by light and electron microscopy, and immunofluorescence.
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specific subsets of immunomodulatory cells may
allow for more complete disease control, with a
reduction in cumulative cyclophosphamide and cor-
ticosteroid-related toxicities.

In this review, we propose a treatment algorithm
for the treatment of children with various forms of

Table II. Measures of chronicity and activity included in indices
used to characterise lupus nephritis[13]

Activity Chronicity

Cellular proliferation Glomerular sclerosis

Neutrophilic infiltration Thickening of capillary basement

Cellular crescents membrane

Hyaline thrombi Fibrous crescents

Necrosis Tubulointerstitial scarring
lupus nephritis (see section 3). Although mild renal
involvement might require only low doses of corti-

been proposed, the WHO classification remains costeroids and antimalarials, more severe forms
widely accepted. This system has classified lupus with deteriorating renal function require prompt and
nephritis into six categories based on the histologi- aggressive treatment. Appropriate aggressive inter-
cal appearance of renal biopsy tissue by light and vention includes not only high-dose oral or intrave-
electron microscopy and immunofluorescence (table nous corticosteroids but also cytotoxic agents such
I). as cyclophosphamide, rituximab and combinations

Lupus nephritis can be further characterised ac- thereof. Other immunosuppressive agents, including
cording to chronicity and activity indices (table II). mycophenolate mofetil (MMF), azathioprine and
The chronicity index measures irreversible renal ciclosporin (cyclosporine), are being used with in-
damage, whereas the activity index represents ongo- creasing success to maintain remission in children
ing inflammation and disease activity. When scoring with lupus nephritis. The appropriate role of all of
activity, each of the indices are graded from 0 to 3, these agents in inducing and maintaining long-term
with 2 extra points given for the presence of fibrous disease-free remission remains under investigation.
crescents and necrosis, for a maximum possible
activity score of 24. When scoring chronicity, each 2.1 Corticosteroids
of the four indices is scored from 0 to 3 for a
maximum possible chronicity score of 12. In pa- Corticosteroids remain the first line of treatment
tients with high activity and low chronicity scores, for SLE patients. The immunosuppressive and anti-
aggressive therapy is likely to preserve kidney func- inflammatory effects of corticosteroids are rapid and
tion. However, if extensive chronicity is present non-specific. However, the beneficial effects must
(e.g. chronicity scores in excess of 6) without signif- be balanced against the many adverse effects of
icant activity, cytotoxic therapy is unlikely to be of long-term corticosteroid use. These include in-
benefit. creased risk of infection, poor wound healing, Cush-

ing’s syndrome, hypertension, diabetes mellitus,
premature atherosclerosis, osteoporosis, avascular2. Agents Used in the Treatment of
necrosis, cataracts, glaucoma, pseudotumour cer-SLE Nephritis
ebri, psychosis, acne, hirsutism and striae. Of partic-
ular and immediate concern to many children andMonthly intravenous cyclophosphamide (with or
their families is the profound linear growth retarda-without solumedrol pulses) followed by intermittent
tion seen with corticosteroid use.[8-12]intravenous cyclophosphamide or other oral immu-

nosuppressive agents has been widely considered to The increased risk of infection must be of partic-
be the gold standard of therapy for aggressive lupus ular concern to the treating physician. Corticoste-
nephritis (in particular WHO class IV). The addition roids not only increase the risk of infection but
of agents such as rituximab that selectively target might also mask the initial manifestations of infec-
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tion, making early recognition difficult. Over an which patients served as their own controls and
received different treatment regimens at differentincreased period of survival, the increased risk of
points in their clinical courses makes it difficult topremature arteriosclerosis associated with excessive
draw specific conclusions. Our recommendationscorticosteroid usage by children with lupus may be
are outlined in section 3.of even greater concern.[14,15] The excessive use of

corticosteroids contributes to the morbidity and
2.2 Cyclophosphamidemortality of lupus in children.

High doses of corticosteroids may be required
Cyclophosphamide has been shown to modify

during the initial phase of remission induction in
the disease course of lupus nephritis in chil-

some children with lupus nephritis. However, it is
dren.[18,19] Cyclophosphamide is a cytotoxic agent

imperative that the dose be reduced as quickly as
that is an inactive phosphamide ester of

possible. In most clinical situations, and in refracto-
mechlorethamine. It is transformed by the cyto-

ry or steroid-dependent cases, it is imperative that
chrome P450 system to active metabolites

aggressive steroid-sparing therapies be implemented
(4-hydroxycyclophosphamide, aldophosphamide,

early. Adolescents and young adults often find the acrolein and phophoramide mustard), which cross-
undesirable cosmetic effects of corticosteroids par- link DNA strands, preventing cell division. There-
ticularly disturbing, and even in the best therapeutic fore, cyclophosphamide therapy targets all active,
partnerships may refuse to continue on high doses rapidly dividing cells. Cyclophosphamide is widely
despite increasing disease activity. The resultant considered to be the gold standard for the treatment
non-compliance can have life-threatening conse- of active WHO class IV or DPGN.
quences. In 1989 a multicentre study first examined the

There remains debate as to the optimal route and safety and efficacy of intravenous cyclophos-
dose of corticosteroids for lupus nephritis. In 15 phamide in children with lupus nephritis. Sixteen
paediatric patients with biopsy-proven DPGN treat- children (eight with steroid-refractory disease and
ed with oral prednisone 2 mg/kg/day, compared eight with steroid-dependent disease) were treated
with seven similar DPGN patients treated with six monthly for 6 months and then every 3 months. At 1
daily pulses of methylprednisolone (30 mg/kg/day year of follow-up, there was a significant improve-
to maximum of 1 g/day) followed by the same oral ment in haemoglobin and C4 levels, renal protein
dose of prednisone, a more rapid clinical improve- excretion and creatinine clearance, and a significant
ment was seen in the intravenous pulse group.[16] A reduction in prednisone dosages.[18] A prospective
later study compared the efficacy of intravenous study of the safety and efficacy of a 36-month
methylprednisolone and low-dose daily prednisone course of cyclophosphamide was undertaken at our
with high-dose daily prednisone in patients with institution in 2000.[19] Sixteen additional children
SLE nephritis. High dose was defined as 2 mg/kg/ with biopsy-proven lupus nephritis were treated for
day, which was weaned to between 0.2 and 0.5 mg/ 36 months, after which time renal biopsies were
kg/day after remission. With relapse, patients were repeated and re-scored. No adverse events were
treated with methylprednisolone pulses (20 mg/kg/ noted during the 3 years of treatment. Significant
day) on alternate days and continued the pre-pulse improvements were seen in activity score, creatinine
dose of prednisone. There were no significant differ- clearance, protein excretion, SLE Disease Activity
ences between the patients in each phase of treat- Index (SLEDAI) scores and prednisone dosage. No
ment.[17] However, the unusual study design in progression was seen in the chronicity index, indi-
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cating that cyclophosphamide may halt the renal more than a lifetime cumulative dose of
scarring of untreated lupus nephritis. cyclophosphamide 17 g/m2 have developed infertili-

ty with an unacceptable frequency. Lupron has beenThe optimal duration and dose administration of
suggested for those female patients for whom thecyclophosphamide therapy in children remains un-
risk of infertility is a major concern. Male patientscertain. Following the initial seven monthly doses,
may be offered the option of using a sperm bankdifferent centres use a variety of alternative regi-
before cyclophosphamide therapy. Cyclophos-mens. The standard published regimen calls for con-
phamide is a potential teratogen and so it is impera-tinuation of dose administration every 3 months for
tive that all post-pubertal women be screened fora total of 36 months of treatment.
pregnancy before each cyclophosphamide adminis-The use of cyclophosphamide is not without risk.
tration.Serious adverse events are minimised by adminis-

The use of cyclophosphamide has allowed fortering the drug intravenously in an inpatient setting,
significant reductions in corticosteroid dosages inwhich allows careful monitoring of laboratory indi-
the majority of patients. However, there is an ongo-ces, clinical status, infectious risk and hydration
ing search for alternative therapies or drug combina-prior to and during the course of each infusion.
tions, with the goal of minimising medication-asso-Commonly encountered adverse effects include
ciated morbidity and maximising outcome.nausea and vomiting, alopecia and leukopenia. Un-

suspected infection is a major concern, and
2.3 Combination Therapy withcyclophosphamide infusion should be withheld in
Cyclophosphamide and Methotrexateany febrile or otherwise suspect patient because of

the risk of overwhelming sepsis. In children with cyclophosphamide-refractory or
Haemorrhagic cystitis has been reported with relapsed class IV lupus nephritis in which the maxi-

cyclophosphamide but is common only with daily mum dosage of cyclophosphamide has already been
oral administration. We circumvent this problem administered, there are no clear guidelines for treat-
with 12 hours of inpatient pre-hydration and 24 ment. There is a concern that cyclophosphamide
hours of inpatient post-cyclophosphamide hydra- beyond 36 months confers a significant risk of ame-
tion, with close monitoring of the urinary sediment, norrhoea and secondary malignancies.[20] In one re-
fluid status and electrolytes. Post-cyclophos- port, five children with recurrent class IV lupus
phamide hydration includes mesna, which protects nephritis were treated with combination cyclophos-
the bladder by binding acrolein, one of the active phamide and methotrexate. Nine monthly doses of
metabolites of cyclophosphamide. To date, we have intravenous cyclophosphamide (750–1000 mg/m2/
seen no haemorrhagic cystitis related to intravenous dose) and intravenous methotrexate (50–300 mg/
cyclophosphamide administered in this way. The m2/month) were given on the same day. In all pa-
syndrome of inappropriate antidiuretic hormone se- tients, disease was controlled with improvement in
cretion (SIADH) is also a known complication of SLEDAI, creatinine, C3, albumin and corticosteroid
cyclophosphamide therapy, but it can be easily dosages, with persistence of the effect at 4-year
avoided with inpatient cyclophosphamide adminis- follow-up.[20] Although this study represents only a
tration and careful monitoring. small number of patients, all five experienced long-

term remission.Gonadal toxicity is a frequently stated concern of
physicians caring for adolescents and young adults. As with any chemotherapeutic agent, there are
However, only those patients who have received significant risks associated with the use of methotre-

 2006 Adis Data Information BV. All rights reserved. Drugs 2006; 66 (9)



Pharmacotherapy of Lupus Nephritis in Children 1197

xate. These include nausea, vomiting, pulmonary anti-CD20 causes B-cell death without the need to
fibrosis, mucositis, and liver and bone marrow tox- link a toxic agent to the antigen. Rituximab also
icity. These toxicities may be somewhat alleviated induces the activation of B-cell death by apoptosis
with the use of folic acid. Combination therapy with by inducing phospholipase C, which activates cas-
cyclophosphamide and other cytotoxic agents may pases. This process has the advantage of taking
have a synergistic immunosuppressive effect, target- place without inciting an inflammatory response in
ing both the humoral and cell-mediated arms of the neighbouring cells.[21]

immune system. Treating physicians must maintain Rituximab was initially licensed for use in the
a high index of suspicion for infection, particularly

treatment of B-cell malignancies. It has been admin-
with the use of combination immunosuppressive

istered to more than half a million people, and has
therapy, given the risk of profound immunosuppres-

been shown to be effective and well tolerated. The
sion. In such patients, a low threshold for withhold-

fact that it does not affect plasma cells has been
ing therapy and initiating appropriate treatment for

postulated as a reason for the lack of effect on
any potential infection is crucial. Given the potential

immunoglobulins and a low incidence of infection.
risks, combination therapy should be reserved for

It has been shown to profoundly deplete B cells in
those rare patients who are refractory to aggressive

these patients for many months. As it is well tolerat-therapy with standard single-agent regimens.
ed and selective, it has recently been used in autoim-
mune disease, with some marked initial success.2.4 Rituximab

Dose administration in lupus nephritis initially
It has recently become apparent that B cells play emulated treatment in lymphoma where the recom-

a significant role in the pathogenesis of autoimmune mended dose is 375mg/m2 for four weekly doses.
disease. Identifying the surface molecules on lym- Initial work by Looney et al.[22] gave patients in-
phocytes was a first step. CD20 was identified as creasing doses of rituximab to a maximum of the
being a specific marker for B cells. It is highly standard lymphoma dosage. They showed a deple-
expressed on pre-B cells and on mature B cells in the tion to less than five CD19+ cells/µL (normal ~20
activated and resting state. CD20 is no longer pre- CD19+ cells/µL) in 10 of 16 patients. These patients
sent after terminal differentiation to plasma cells, showed a rapid improvement with Systemic Lupus
nor is it found on pro-B cells or in the normal Activity Measure (SLAM) scores decreased within
tissues. CD20 is an integral membrane protein that is 1 month. This improvement persisted for 1 year
thought to be a calcium-channel subunit with a role (flare was correlated with increase in CD19+ cell
in B-cell activation and differentiation. Its specific count). Non-response with failure to deplete CD19+
expression on the B cell has presented CD20 as a cells was greater in African-Americans.
sustained and high-density target for immunother-

Human antichimeric antibodies (HACAs) >100apy, particularly since CD20 is neither significantly
ng/mL developed in 6 of 16 patients. These wereinternalised nor is it shed.
associated with lower doses of rituximab and less B-Rituximab is a chimeric mouse/human
cell depletion, and occurred more frequently in Afri-monoclonal antibody against the B cell-specific an-
can-American patients with higher baseline diseasetigen CD20. It comprises murine anti-human
activity.CD20-variable regions fused with human κ- and

Interestingly, rituximab did not have any effectIgG-constant regions. Its therapeutic potential was
on anti-dsDNA levels, which suggests a lack ofdiscovered when it became clear that treatment with
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effect on the plasma cell where CD20 is not ex- of tolerance’. They define this as “proper regulation
of emerging auto-reactive B cells and establishmentpressed.[22]

of a normal B cell repertoire”. They suggest that theMore recent work shows that almost complete B-
VH4.34 B cell provides a good marker for thiscell depletion is achieved when the full rituximab
‘restoration of tolerance’, but further investigationregimen is given. For example, in work by Sfikakis
of this is necessary.et al.[23,24] using lymphoma-dose rituximab and ta-

Infusion reactions may be seen with the initialpering corticosteroids, B-cell depletion was
administration of rituximab. These are usually mild,achieved in all patients who had received full-dose
with pruritus, mild facial erythema and transientrituximab. They also showed significant decreases
hypotension most commonly seen. Fever and rigorsin anti-dsDNA in all patients and increases in serum
have also been reported. In our clinical practice, wecomplement levels. A clinical improvement was
have found that symptoms usually resolve rapidlyachieved in 80% of patients, who showed partial
with a brief cessation of therapy, and the remainderremission of active proliferative lupus nephritis,
of the infusion is well tolerated at a slower rate.with subsequent complete remission in 50% of pa-
These reactions have been minimised by pre-medi-tients. The authors remark that although complete
cating children undergoing rituximab infusion withB-cell depletion was achieved in all patients, there
methylprednisolone 60 mg/m2 and diphenhy-was no consistent pattern between B-cell depletion
dramine 25–50mg.and clinical outcome or B-cell recovery time. They

It has been noted that the development of HACAsalso note that the expression of T cell co-stimulatory
is increased in patients with autoimmune conditionsmolecule CD40L decreased 4-fold. CD40L has pre-
in comparison with those treated with rituximab forviously been shown to be overproduced in patients
lymphoma where rates of <1% are seen. In the workwith SLE and it is suggested that CD40L/CD40
of Looney et al.,[22] HACAs were seen in 30% ofinteractions may play a significant role in lupus
patients. HACA development poses difficulties asnephritis. In this study, downregulation of CD40L
they could potentiate severe allergic reactions and aon T cells was noted to precede improvement of
decrease in efficacy when patients are retreated withlupus nephritis and to be sustained in patients in
rituximab. Re-treatment may be necessary, at leastremission. This suggests that rituximab treatment
in the short term, to maintain B-cell inactivity untilwith B-cell depletion has a direct effect on prevent-
further treatments become available, which will po-ing the activation of lupus T cells. Thus, targeted
tentially eliminate all disease-associated autoim-CD40L therapy may have a significant role to play
mune cells.in the treatment of SLE.

Patients with SLE have been demonstrated to 2.5 Combination Therapy with Rituximab
have various abnormalities in peripheral B-cell ho- and Cyclophosphamide
meostasis. Rituximab has been shown to have
caused resolution of a number of these. Anolik et Rituximab achieves effective depletion of
al.[25] report that, although rituximab effectively de- CD20-carrying B cells in the majority of patients.
pletes circulating B cells, it is possible to detect the However, the associated disease remissions are oft-
presence of CD19+ cells. Thus, although absolute en only 6–12 months in duration. This may be
depletion of B cells is not necessary for clinical because CD20 is not produced on all B cells. Ther-
effectiveness, multiple doses may be necessary to apy with rituximab leaves a pool of plasma cells,
maintain a lasting clinical response with ‘restoration which may contain auto-reactive memory B cells. In
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an effort to address this residual cell population, the late 1800s. Mycophenolic acid was originally
some investigators are utilising the combination of recognised as having antifungal and anticancer
cyclophosphamide and rituximab with each treat- properties, and has been used extensively for the
ment course. treatment of psoriasis and renal transplant rejection.

In recent work, Marks et al.[26] demonstrate that Of note, MMF has been found to be of particular
children with refractory SLE respond well to the benefit in renal transplant patients, with decreased
combination of rituximab and cyclophosphamide. creatinine clearance with decreased clearance of the
Although this is a small study (seven children), drug. This suggests that MMF may have wider
significant improvements were seen in both system- applicability in other renal diseases. Renal trans-
ic disease activity and renal parameters. These chil- plant trials in adults have examined 2 g/day versus 3
dren had been treated previously with multiple im- g/day oral administration and found an increase in
munosuppressive agents, including cyclophos- efficacy but significant gastrointestinal toxicity in
phamide alone. The addition of rituximab resulted in the 3 g/day regimens.[27] When compared with
an improvement in BILAG (British Isles Lupus As- azathioprine-treated transplant patients, those treat-
sessment Group) scores from 22 to 6, with two ed with MMF had decreased antibody levels follow-
dialysis-dependent children having this therapy suc- ing immunisation, suggesting a role for MMF in
cessfully withdrawn, and continued significant im- autoimmune antibody-mediated diseases such as
provement in renal function and proteinuria. SLE.[28] Additional studies of MMF have demon-

The use of well tolerated, effective immunosup- strated a variety of anti-inflammatory effects, in-
pressive agents such as rituximab, which appears to cluding decreased expression of adhesion molecules
have an improved safety profile with fewer fertility and nitric oxide production, and reduced endothelial
concerns, is of particular interest in the paediatric injury and arteriosclerosis.[29-31] These effects make
population. Combination therapy may allow us to MMF a therapeutic consideration for patients with
minimise the cumulative dose of cytotoxic immu- lupus nephritis, but its long-term efficacy in com-
nosuppressive agents. parison with other regimens and its efficacy in chil-

Marks et al.[26] used a regimen of rituximab 750 dren remain uncertain.
mg/m2 (to a maximum dose of 1g) on days 1 and 15,

In a randomised, non-blinded 2003 study, Gin-
with a pre-medication of methylprednisolone,

zler et al.[32] showed superior effect in adult SLE
chlorpheniramine and paracetamol (acetaminophen)

patients with severe lupus nephritis receiving MMF
each at 100mg, followed by cyclophosphamide

3 g/day compared with those receiving monthly
750mg or 500mg if the patient’s dry weight was

intravenous cyclophosphamide over a 6-month peri-<50kg on days 2 and 16. Oral prednisolone in taper-
od. Other studies in adults have indicated that MMFing doses was given on days 2, 3, 4, 16, 17 and 18. In
may be effective for maintaining remission for pa-our practice, we have adopted an aggressive ap-
tients previously induced with cyclophosphamide.proach to patients with persistent or newly diag-
Hu et al.[33] compared daily MMF to monthly intra-nosed lupus nephritis, using a similar dose adminis-
venous cyclophosphamide and showed, with serialtration schedule to induce B cell depletion.
renal biopsies, a greater fall in activity scores, as
well as in clinical indices of disease activity in those2.6 Mycophenolate Mofetil
lupus nephritis patients treated with MMF. In a 2004
study, 59 lupus nephritis patients who had receivedMMF is a derivative of mycophenolic acid,
monthly intravenous cyclophosphamide inductionwhich was isolated from the genus Penicillium in
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were randomised to three maintenance therapy Ciclosporin is a fungal peptide that is known to
groups, namely, quarterly intravenous cyclophos- decrease T cell proliferation. In adults, ciclosporin
phamide, oral azathioprine (1–3 mg/kg/day) and has been shown to have a steroid-sparing effect in
MMF (500mg–3g daily). With 72 months of follow- stable lupus patients with proteinuria.[37] There is no
up, those patients receiving maintenance therapy evidence to suggest a role for ciclosporin as induc-
with MMF had a higher rate of relapse-free surviv- tion therapy for lupus nephritis. The major concern
al.[34] with the use of ciclosporin lies in its potential for

nephrotoxicity and hypertension in lupus patientsHowever, in children with lupus nephritis the
with decreased renal function. Careful monitoring ofexperience with MMF has not been as satisfactory.
creatinine and blood pressure (BP) in those patientsA 2001 case report describes two Chinese children
receiving ciclosporin is essential. Ciclosporin seemswith cyclophosphamide- and ciclosporin-resistant
most appropriate for the treatment of class V nephri-lupus nephritis who were successfully treated with
tis with nephrotic syndrome.MMF.[35] A study from the same year of 11 children

Azathioprine is a purine analogue that suppresseswith lupus nephritis treated with MMF at a mean
cell-mediated immunity by interfering with DNAdosage of 22 mg/kg/day (in addition to prednisone
synthesis. A retrospective study from 2000 indicatesand hydroxychloroquine) saw a greater improve-
5- and 10-year survival rates similar to those seenment in renal function in those patients with class V
with cyclophosphamide therapy among those pa-than class IV lupus nephritis. In addition, 73% of
tients treated with a combination of prednisone andpatients experienced adverse effects.[36] In our expe-
azathioprine for proliferative lupus nephritis. How-rience, MMF has been less effective and is compli-
ever, 15-year survival results remain poor.[38]

cated by more adverse effects than quarterly intrave-
No controlled studies comparing these medica-nous cyclophosphamide. To date, we have no lupus

tions with cyclophosphamide and intravenousnephritis patients who have successfully maintained
methylprednisolone exist for children. In a retro-a cyclophosphamide-induced remission with MMF.
spective review, Hagelberg et al.[7] suggest a satis-This may be the result of poor compliance by chil-
factory response to long-term oral azathioprine.dren and adolescents. This is primarily related to
However, the non-Caucasian children in their studyadverse gastrointestinal effects. MMF may have a
had only a 56% long-term survival, which mostrole in children who have completed 3 years of
centres would find unsatisfactory. The beneficialcyclophosphamide use, patients with class V lupus
effect they ascribe to azathioprine may only benephritis, or those whose families object to the use
applicable to Caucasian patients. The use of azathi-of cyclophosphamide. In patients with active class
oprine for children with lupus nephritis has beenIII or IV lupus nephritis, we continue to strongly
largely abandoned in favour of newer, more effec-recommend the use of cyclophosphamide (or a com-
tive therapies. As a result, few studies of its use arebination of cyclophosphamide and rituximab).
available in children.

2.7 Ciclosporin and Azathioprine 2.8 Therapies Directed at T Cells

2.8.1 Anti-CD40 LigandA number of other immunosuppressive medica-
tions have been used as steroid-sparing agents in the CD40 is present on B cells and modulates the
treatment of lupus nephritis in children. Among activity of CD4+ T helper cells via the CD40 ligand,
these are ciclosporin and azathioprine. which, in turn, promotes production and differentia-
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tion of B cells. Increased levels of CD40L have been provement in renal function in the mice. Clinical
documented in patients with active SLE. In murine trials have unfortunately demonstrated only minimal
experiments, interrupting the CD40-CD40L bond clinical benefit. LJP-934 may prove a useful treat-
leads to reduced lupus nephritis activity. Early ment for subgroups of lupus patients who have high-
clinical trials were less promising, demonstrating affinity antibodies directed against this protein.[43]

either no benefit or having an unacceptably high
2.10 Anticomplement Therapiesadverse effect profile.[39,40] Rituximab may have a

significant role to play in the modulation of T-cell
2.10.1 Anti-C5b Monoclonal Antibodyactivity via depletion of B cells, which can interact
Eculizumab is an anti-C5b monoclonal antibodywith the CD40L.

that effectively blocks the progression of the com-
2.8.2 CTLA4-Ig plement cascade. In mouse models of lupus nephri-
Activation of the T cell requires not only recogni- tis, it has been shown to reduce proteinuria and

tion of the MCH molecule but also activation of the increase survival. Early clinical trials indicate that
co-stimulatory pathway. Interruption of the co-stim- the drug is tolerable and safely used, but there are no
ulatory pathway may provide yet another target for data on efficacy currently available.[43]

immunosuppressive therapy. CTLA4-Ig (abata-
cept), a murine fusion protein, binds with higher 2.11 Anti-Cytokine Therapies
affinity than CD28 to B7 antigen, thus blocking the

The autoantibody-induced formation of immuneB7/CD28 interaction and preventing activation of
complexes and the resultant activation of inflam-the T cell. In a murine lupus model, CTLA4-Ig led
matory pathways play a major role in initiatingto decreased anti-dsDNA and improved renal pa-
lupus disease activity. The possibility of blockingrameters.[41] CTLA4-Ig has not yet been studied in
the pro-inflammatory cascade by selective inactiva-human lupus, but trials in rheumatoid arthritis have
tion of cytokines is an area of new and ongoingshown clinical improvement using American Col-
research. Early results by Smolens et al.[44] in a smalllege of Rheumatology (ACR) 20, 50 and 70 scores
number of patients suggest that the use of anti-with significant slowing in structural damage pro-
tumour necrosis factor (TNF) agents such as inflix-gression.[42]

imab may provoke a slight rise in antinuclear an-
tibody levels but is associated with a meaningful2.9 Other B Cell-Directed Therapies
decrease in symptoms.

2.9.1 Anti-CD22
2.12 Anti-BLyS Monoclonal AntibodyEpratuzumab is a monoclonal antibody against B

cell-specific antigen CD22. This agent has under-
BLyS protein is a 285-amino acid member of the

gone early trials in non-Hodgkin’s lymphoma and
TNF ligand superfamily. It is also referred to as

may prove useful in treating autoimmune diseases.
BAFF (B cell activator belonging to the TNF fami-

2.9.2 LJP-934 ly), THANK (TNF homologue that activates
LJP-934 selectively leads to the elimination of B apoptosis, natural killer [NK]-kB and JNK),

cells, making anti-dsDNA antibodies by binding to TALL-1 (TNF and ApoL-related leukocyte ligand
anti-dsDNA on the cell surface. The molecule has 1), TNFSF13B or zTNF4. BLyS binds strongly to B
been shown to be extremely effective in depleting cells, poorly to T cells, does not bind to monocytes
murine anti-dsDNA antibodies, with subsequent im- or NK cells and acts as a promoter of B-cell activity.
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It has three receptors: BMCA (B-cell maturation rates, as patients remain lymphopenic for extended
antigen), BAFFR or BR3 (BAFF receptor or BLyS periods.[43]

receptor 3) and TACI (transmembrane activator and
2.15 Autologous Stem Cell Transplantationcalcium modulator and cyclophilin ligand inter-
and High-Dose Immunoablative Therapyactor). In mice, administration of BLyS causes B

lymphocytosis with hypergammaglobulinaemia. High-dose cyclophosphamide with and without
Treatment of murine lupus models with a BLyS stem cell transplantation is being evaluated for the
antagonist has led to improved renal function and treatment of lupus nephritis and a variety of other
survival. However, preliminary clinical results were autoimmune diseases. For children, case reports
less satisfactory, perhaps because of the ability of suggest occasional efficacy, but with a significant
other receptors such as TACI to be stimulated by procedure-related morbidity and mortality and sig-
APRIL (A PRoliferation-Inducing Ligand), which is nificant risk of relapse. The adverse effects appear
not inhibited by BLyS. A phase I clinical trial using far greater than those of standard 3-year
TACI-Ig is ongoing. The outcomes in humans are cyclophosphamide regimens or any of the newer
awaited.[43,45,46]

agents on the horizon. Although there may be ad-
vantages to the use of high-dose cyclophosphamide

2.13 Anti-Interleukin-10 Monoclonal Antibody
without stem cell transplantation, this approach con-
tinues under study at present.[47]IL-10 is one of the many interleukins that is being

assessed as a target for monoclonal antibody ther-
2.16 Renal Transplantation in Lupusapy. Others include IL-6 and IL-1; however, utilis-
Nephritis Patientsing these monoclonal antibodies is at a very early

stage. IL-10 levels have been noted to be increased Renal transplantation in children with lupus ne-
in active SLE and, as such, provide a target for phritis encompasses some particular concerns.
specific anti-interleukin therapy. In murine models, These children have extra-renal organ involvement,
anti-IL-10 antibody has been demonstrated to delay which impacts on their suitability for surgery and
onset of renal disease. In a small clinical trial, anti- recovery. Activity of the SLE in other organs, corti-
IL-10 antibody was noted to modify disease activity costeroid effects and marked immunosuppression
and reduce the requirement for corticosteroids.[44]

must all be considered when evaluating the suitabili-
Further research and evaluation in adults will be ty of these children for transplantation. These pa-
necessary to determine whether any of these agents tients have an increased incidence of diabetes, ath-
will prove a means of effectively treating lupus erosclerosis and antiphospholipid syndrome, as well
nephritis without unacceptable adverse effects. as an increased risk of infection. All of these factors

pose increased risk at the time of renal transplanta-
2.14 Nucleoside Analogues

tion and increased risk of ultimate complications or
graft rejection.[48]Fludarabine and cladribine are two nucleoside

In the face of active SLE, transplantation shouldanalogues that are both used extensively in leukae-
be delayed. In addition, transplant should not bemia chemotherapy. They are directly incorporated
performed within the first 3 months following theinto the DNA of lymphoid cells, leading to cell
onset of renal failure, as it may be reversible.death. Early trials in lupus suggest an improvement

in renal function. However, the use of these agents is The risk of renal recurrence after transplant is
associated with a dramatic increase in infection small, with studies citing rates from 2% to 30%.[49,50]
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Recurrences tend to be mild, with histology showing some steroid-sparing effect. ACE inhibitors such as
mesangial or mild focal proliferative disease. Graft enalapril and angiotensin-II inhibitors such as
rejection is rare. losartan should be added as needed to control hyper-

tension and decrease renal protein excretion.Immunosuppression post-transplantation is simi-
lar to that used following renal transplantation for A child with SLE who is nephrotic, hypertensive
other aetiologies. There is debate about the use of or experiencing declining renal function may re-
corticosteroids post-transplantation. Recent reports quire intravenous methylprednisolone pulses (30
suggest that patients do better without corticoste- mg/kg/day up to a maximum dosage of 1 g/day for 3
roids. These reports describe similar rates of graft consecutive days) and consideration for immediate
survival and renal function and improved cardiovas- initiation of cytotoxic therapy. We recommend 3
cular outcomes in patients who do not receive corti- consecutive days of methylprednisolone 30 mg/kg
costeroids, with fewer episodes of osteoarthritis. up to 1g pulses in the 3 days surrounding the start of
There is a small increased risk of acute rejection, cyclophosphamide. This allows for rapid immuno-
which is usually reversible.[51]

suppression while awaiting the initial effects of cy-
clophosphamide. Intravenous methylprednisolone

3. Proposed Guidelines for the pulsing may provide rapid control of lupus nephritis
Treatment of Lupus Nephritis but should not be considered as an option for long-
in Childhood term therapy. The use of pulse methylprednisolone

in nephrotic and hypertensive patients can be dan-
For patients with suspected lupus nephritis class

gerous. Therefore, pulse corticosteroids should onlyIII at the time of diagnosis, but with normal renal
be administered to patients in an inpatient setting infunction, BP and proteinuria below the nephrotic
which frequent vitals signs, fluid status, BP andrange, oral prednisone should be started at 1 mg/kg/
electrolytes can be closely monitored. A randomis-day in a single daily dose (which is less adreno-
ed, controlled trial of the treatment of proliferativesuppressive than twice-daily administration). If pa-
lupus nephritis demonstrated increased benefit fortients with a pre-existing SLE diagnosis manifest
patients treated with a combination of intravenoussigns of new or worsening nephritis, the prednisone
cyclophosphamide and pulse methylprednisolonedosage should be increased to 1–2 mg/kg/day. In
compared with those treated with cyclophos-these patients, it may be helpful to obtain a renal
phamide alone or pulse methylprednisolonebiopsy and await further treatment pending the biop-
alone.[52] At the same time, hypertension and fluidsy results (provided that this can be done quickly).
overload must be managed appropriately with an-Time is of the essence in such patients and biopsy
tihypertensives, diuretics and a low sodium diet. Ifshould be undertaken quickly. WHO class III with
severe nephrotic syndrome is present, albumin infu-high activity should be considered on a spectrum
sions may allow for intravascular mobilisation ofwith class IV, with a significant risk of progression.
fluid followed by diuresis. However, class V lupusMany authorities would consider cytotoxic therapy.
nephritis typically responds to a short course ofIn patients with WHO class II and mild class III
high-dose oral corticosteroids, with few patients re-nephritis, corticosteroids alone (up to a dosage of
quiring more prolonged or aggressive immunosup-0.5 mg/kg/day) may be sufficient to revert to normal
pression.urinary sediment and decrease proteinuria. In such

Initial dose administration of cyclophosphamidepatients, an antimalarial such as hydroxychloro-
quine (7 mg/kg/day up to 200 mg/day) may have is between 500 and 750 mg/m2 depending on the
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patient’s white blood cell count (WBC) and extent induction of more durable disease remissions. How-
of renal disease. The dose is escalated by 250 mg/m2 ever, rituximab is not currently considered standard
with each subsequent infusion to a maximum dose therapy and may not be available in all centres. We
of 1 g/m2 if tolerated. Each patient should be fol- use rituximab 600 mg/m2 (to a maximum dose of
lowed with appropriate testing at the time of the 1g) with pre-medication with methylprednisolone
WBC nadir, approximately 2 weeks post-treatment. 100mg and diphenhydramine 25–50mg on days 1
For nadir WBC values <2500/mm3, or persistent

and 15, followed by cyclophosphamide at a dose of
leukopenia, dose reduction should be considered. In

750 mg/m2 on days 2 and 16. This has led to promptseverely affected patients with highly active disease,
and dramatic decreases in symptomatology and im-pulse methylprednisolone should be administered
provement in laboratory parameters. All availablecontemporaneously with cyclophosphamide, as de-
data would suggest that flare of disease is not seenscribed at the start of this section.
while CD20+ cells remain depleted. This regimen isRituximab in combination therapy with
associated with a marked decrease in the need forcyclophosphamide is part of an aggressive regimen

for lupus nephritis patients, which may allow the corticosteroids in many of the children (figure 1).

No response to low-dose prednisone

Class IV, DPGN Class V

Increase prednisone
Taper when possible

Response No response

Response No response

No Flare Flare IV pulse methylprednisone daily x 3d
IV pulse CYC monthly x 7 doses

Space to CYC to every 3mo

or

or

Consider
CYC/RTX

combination
therapy

Consider
CYC/MTX

therapy

Complete 3y CYC

Re-biopsy at completion

Diagnosis of SLE

LN No LN

Class III, active 

Response low-dose prednisone

InactivePersistent activity

Consider alternative
immunosuppresion:

RTX, CsA, AZA

Taper corticosteroids
as tolerated,

continue anti-malarial

Increase prednisone to 2 mg/kg/d

Taper

Fig. 1. Algorithm for the treatment of children with lupus nephritis (LN). See table I for classification. AZA = azathioprine; CsA = ciclosporin;
CYC = cyclophosphamide; DPGN = diffuse proliferative glomerulonephritis; IV = intravenous; MTX = methotrexate; RTX = rituximab; SLE =
systemic lupus erythematosus.
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4. Comprehensive Care of the Child should be on calcium-containing multivitamins, and
with Lupus Nephritis vitamin D levels should be monitored and corrected

as necessary. The use of antiresorptive agents such
In addition to the suppression of lupus nephritis, as bisphosphonates in children is controversial. It is

it is vital that treatment be implemented to minimise difficult to assess their effects on growing bone,
the progression of renal disease and to prevent and which naturally increases in density with time. In
control co-morbidities. Children with lupus nephri-

addition, the issue of residual bisphosphonates
tis must have their BP tightly controlled, with the

leeching from bone over years and potentially caus-
early addition of angiotensin-converting enzyme in-

ing fetal anomalies if these patients become preg-
hibitors with or without angiotensin-receptor block-

nant remains unresolved.[53] At this time, it would be
ade to minimise proteinuria and resultant renal dam-

our recommendation to follow dual energy x-ray
age. BP may be difficult to control in lupus nephri-

absorptiometry (DEXA) scans for monitoring oftis. However, additional agents and diuretics should
bone density, to supply supplemental calcium andbe used to bring BP under tight control. The impor-
vitamin D, and to encourage weight-bearing activi-tance of home BP monitoring (with or without home
ties. We await further studies of the use ofnursing services) should be stressed, as should ad-
bisphosphonates in children and adolescents, partic-herence to a low sodium diet.
ularly female patients with reproductive potential.In addition, cardiac risk factors must be minimis-

ed. Excessive hyperlipidaemia should be looked for
and promptly treated. The addition of an HMG-CoA 5. Conclusions
reductase inhibitor (statin) may be especially benefi-
cial because, in addition to their cholesterol-lower- Current regimens for the treatment of lupus ne-
ing properties, these drugs have a possible anti- phritis remain a stepping stone towards optimal
inflammatory role. The Lupus APPLE (Atheroscle- treatment. Although the use of corticosteroids re-
rosis Prevention in Pediatric Lupus Erythematosus) mains the first line of therapy, it is essential that
study is currently under way to address the effects of every effort be extended to minimise their dosage
statin use in children with SLE. This multicentre, because of their extensive adverse effect profile.
double-blind trial is designed to investigate the ef-

The early use of chemotherapeutic/cytotoxic agents
fects of atorvastatin versus placebo in children with

provides the opportunity to minimise corticosteroid
SLE. Careful monitoring of liver enzymes and crea-

usage and to address directly disease activity at the
tine phosphokinase (CPK) is crucial, however, as

cellular level. However, these agents are not without
there are few data in children on the incidence of

significant adverse effects. Targeted therapies, act-
hepatotoxicity and muscle toxicity related to statin

ing on a single cell type or cytokine, are now in early
use. Patients must be encouraged not to smoke and

clinical use, with many similar agents in earlierto maintain a healthy body mass index. Although
stages of evaluation.weight-loss programmes are not encouraged in chil-

The aim of therapy at all stages of lupus indren, healthy diet and exercise within their abilities
childhood is to maximise therapeutic effect whileshould be facilitated, with multidisciplinary input
minimising adverse effects. There are many promis-from dieticians and physical and occupational ther-
ing drugs in early trials and/or the developmentalapists.
stage, which may provide dramatic improvements inEvery effort should be made to preserve bone
our therapy.density in children taking corticosteroids. Patients
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