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The care of children with lupus nephritis (LN) has changed dra-
matically over the past 50 y. The majority of patients with child-
hood-onset systemic lupus erythematosus (cSLE) develop LN. In 
the 1960’s, prognosis in children was worse than in adults; thera-
pies were limited and toxic. Nearly half of cases resulted in death 
within 2 y. Since this time, several diagnostic recommendations 
and disease-specific indices have been developed to assist physi-
cians caring for patients with LN. Pediatric researchers are validat-
ing and adapting these indices and guidelines for the treatment 
of LN in cSLE. Classification systems, activity, and chronicity indi-
ces for kidney biopsy have been validated in pediatric cohorts 
in several countries. Implementation of contemporary immuno-
suppressive agents has reduced treatment toxicity and improved 
outcomes. Biomarkers sensitive to LN in children have been iden-
tified in the kidney, urine, and blood. Multi-institutional collabora-
tive networks have formed to address the challenges of pediatric 
LN research. Considerable variation in evaluation and treatment 
has been addressed for proliferative forms of LN by development 
of consensus treatment practices. Patient survival at 5 y is now 
95–97% and renal survival exceeds 90%. Moreover, international 
consensus exists for quality indicators for cSLE that consider the 
unique aspects of chronic disease in childhood.

Systemic lupus erythematosus (SLE) is an autoimmune 
inflammatory disease characterized by antibodies directed 

against self-antigens, resulting in multi-organ damage. In the 
United States, SLE primarily affects young women of non-white 
ancestry. Up to 20% of cases are diagnosed during childhood, 
i.e., disease onset prior to age 18 y. Differences in reported 
prevalence rates of childhood-onset disease (cSLE) stem from 
racial variations of the populations reported as well as various 
definitions for cSLE. There has been variability in age cut-offs 
used to define cSLE, ranging from 14 to 21 y (1).

Between 40 and 70% of cSLE patients will develop kidney 
involvement (lupus nephritis (LN)), during their disease course 
(2–4), and a meta-analysis shows a 10–30% higher prevalence 
in cSLE than in adult-onset SLE (2). In children, LN tends to 
present earlier and behaves more aggressively (4,5).

In the late 1950’s, death from SLE within the first 2 y after 
diagnosis was common and available therapies were highly 

toxic (6–8). Mortality due to active disease was matched by 
mortality related to the adverse effects from immunosuppres-
sion. Fortunately, there have been significant advancements 
in the management of adult-onset and cSLE, resulting in dra-
matic improvements in short- and long-term patient and renal 
survival. By reviewing the numerous studies published by 
pediatric researchers on the management of LN in cSLE, we 
highlight the advancements over the past 50 y.

ADVANCES IN DIAGNOSIS
SLE manifests differently in each individual patient. Therefore, 
making the diagnosis can be a challenge. Discovered in 1948, 
the first diagnostic marker for the identification of SLE was 
the so-called lupus erythematosus cell (9), a phagocyte which 
has engulfed the denatured nuclear material of another cell. 
This was followed by the discovery of anti-nuclear antibod-
ies (ANA) in SLE patients and later the devlopment of a panel 
of ANA which included antibodies against double-stranded 
DNA, RNA, and specific ribonuclear proteins.

However, the presence of ANA is not specific for lupus, and 
a positive test in isolation is not sufficient to make the diagno-
sis of SLE. A major advance towards studying and managing 
lupus came with the development of the American College 
of Rheumatology (ACR) classification criteria for SLE (10). 
Although intended to limit variability in the recruitment of 
individuals for SLE research, physicians have adapted the 
ACR criteria to assist with SLE diagnosis. Table 1 includes an 
abbreviated list of the 11 classification criteria. For a diagnosis 
of SLE to be made, individuals must develop disease mani-
festations meeting the classification criteria in at least four 
areas. Therefore, an elevated level of ANA is more appropri-
ately supportive of a clinical suspicion of for lupus individuals 
who present with a history of three or more other classifica-
tion criteria.

The ACR classification criteria have been successfully applied 
to cSLE (5,11). Given that renal involvement can precede 
serological and extra-renal manifestations, delaying targeted 
treatment, the Systemic Lupus International Collaborating 
Clinics criteria were developed to allow for diagnosis of SLE 
with only biopsy proven lupus nephritis (12). However, the 
Systemic Lupus International Collaborating Clinics criteria 
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have markedly lower specificity for adult or cSLE (13,14) and 
have not been endorsed by the ACR.

ADVANCES IN INTERPRETATION OF KIDNEY BIOPSIES FOR 
LUPUS NEPHRITIS
Kidney biopsy remains the gold standard for diagnosis of LN in 
cSLE. In children, as in adults, the procedure is performed per-
cutaneously with ultrasound guidance. Kidney biopsy requires 
the involvement of several medical teams and prolonged obser-
vation post procedure, and is a source of emotional distress 
for the family and the child. Unlike adults who receive only 
local anesthesia, children often have the procedure performed 
under conscious sedation or even general anesthesia. Typically, 
two tissue cores are obtained via 16- or 18-gauge needles. The 
increased availability of procedural imaging and automated 
needles has reduced adverse events (15). Registry studies from 
Norway support that kidney biopsies are as safe in children 
as in adults: 1.7% of 715 children developed gross hematuria, 
0.1% required blood transfusion, and 0.1% required surgery 
for vascular complications (16).

The first classification system for LN (the World Health 
Organization classification, developed in the 1970s) was super-
seded by the revised classification of the International Society 
of Nephrology/Renal Pathology Society (ISN/RPS) classifi-
cation (17) (Table 2). Accurate diagnosis requires at least 10 
glomeruli to be present in the biopsy tissue in order to reason-
ably exclude focal lesions and ensure a proper characterization 
of kidney involvement (18). The occurrence of the classes of 
LN in adults and children at new diagnosis is identical (19). 
The utility of distinguishing between histological classes of LN, 
such as proliferative and membranous types, and between seg-
mental and global forms of proliferative LN is supported by 
studies of cSLE (20–23).

The ISN/RPS classification improved the precision of class 
definitions and distinguished between active and chronic 
lesions (17), although inter-pathologist variation and repro-
ducibility remain suboptimal. Active lesions are amenable to 
immunosuppressant therapy, while chronic lesions represent 
nonreversible damage (24), often requiring supportive therapy 

instead. Activity index (AI) and chronicity index (CI) quantify 
mainly glomerular injury, and tubulointerstitial activity index 
(TIAI) quantifies extra-glomerular kidney disease (25). As in 
adults, risk factors for poor outcome in cSLE include AI ≥7, CI 
≥ 4, and TIAI > 5 (26,27).

Practice patterns for initial and repeat kidney biopsy have 
been published for cSLE. There is more disparity among either 
nephrologists or rheumatologists than between the two special-
ties (28). Most specialists use the indications for initial kidney 
biopsy developed by the American College of Rheumatology, 
whereas others use more inclusive indications and fewer only 
recommend biopsy when the diagnosis of cSLE is unclear. 
When patients with proliferative LN fail to achieve a com-
plete clinical response upon completion of induction therapy, 
nearly 25% of both pediatric nephrologists and rheumatolo-
gists recommend repeat kidney biopsy to guide subsequent 
maintenance therapy. Far fewer pediatric rheumatologists and 
nephrologists perform repeat biopsy after sustained remission 
to support their decision to withdraw immunosuppression 
(28).

ADVANCES IN IDENTIFICATION OF BIOMARKERS FOR 
NEPHRITIS
Biomarkers are factors that can be objectively measured and 
used either in support of a diagnosis of LN or to predict its 
course and response to therapy. Biomarker studies in cSLE have 
been hindered by both lack of normal age-specific profiles for 
given substances and the relative immaturity of renal excretory 
capacity. In recent years, the availability of powerful tools to 
scan both the genome and proteome have revolutionized and 
greatly accelerated biomarker discovery. Pediatrician scientists 
have embraced these tools for the study of cSLE (29–34).

Three of the following clinical tests have been used routinely 
as noninvasive predictors for LN: (i) kidney function, using 
serum creatinine as a surrogate measure of glomerular filtra-
tion rate; (ii) urinary protein excretion; and (iii) glomerular 

Table 1. American College of Rheumatology classification criteria for 
systemic lupus erythematosus

1. Malar rash

2. Discoid rash

3. Photosensitivity

4. Oral ulcers

5. Serositis (Pericarditis or pleuritis)

6. Arthritis

7. Kidney disease (nephritis or glomerulopathy)

8. Neurologic disease (seizure or psychosis)

9. Hematologic disease (autoimmune cytopenias)

10. Immunologic (anti-DNA, anti-RNP, aPL antibodies)a

11. Antinuclear antibodies
aRNP = ribo-nuclear protein, aPL = anti-phospholipid.

Table 2. Histological classes of lupus nephritisa

Class I: minimal mesangial

Class II: mesangioproliferative

Class III (A): focal proliferativeb

Class III (C): focal proliferativeb

Class III (A/C): focal proliferative

Class IV-S (A): diffuse proliferativeb

Class IV-S (C): diffuse proliferative

Class IV-S (A/C): diffuse proliferative

Class IV-G (A): diffuse proliferativeb

Class IV-G (C): diffuse proliferative

Class IV-G (A/C): diffuse proliferative

Class V: membranous

Class VI: advanced sclerosing
aClassification of the International Society of Nephrology and Renal Pathology Society 
(17). bA=active, C=chronic, S=segmental, G=global.
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hematuria, using analysis of urinary sediment (35). Although 
these three markers have been used to define renal response to 
therapy and to predict disease flares (36), they can be impre-
cise, and treatment decisions often require kidney biopsy.

Titers of antibodies specific for double stranded DNA can 
predict with modest precision the presence of LN (sensitiv-
ity 57%, specificity 97%) (37). Hypocomplementemia has 
also proven to be useful (64% sensitive, 91% specific) (38). 
However, hypocomplementemia and anti-dsDNA antibodies 
accompany SLE flares in only 54 and 27% of patients, respec-
tively (30).

Fortunately, research in cSLE has yielded several promising 
biomarkers (Table 3). High urinary NGAL (neutrophil gela-
tinase-associated lipocalin) levels can predict disease activity 
and injury in cSLE with LN (29,31), and can predict renal flares 
with a higher sensitivity and specificity than dsDNA antibod-
ies (31,32). MCP-1 (monocyte chemoattractant protein) uri-
nary levels can also predict improvement of renal disease (31). 
Despite high sensitivity and responsivity to LN activity, MCP-
1, RANTES, and TWEAK lack specificity for LN, and have also 
been found in cerebral spinal fluid and linked to the develop-
ment of central neuropsychiatric involvement in cSLE (33). 
NGAL is also a biomarker for acute kidney injury and MCP is 
for chronic kidney disease in patients without SLE.

Given the diversity of LN histological features, it is unlikely 
that any one noninvasive biomarkers will be sufficient for 
monitoring LN disease activity in cSLE. However, promising 

findings have been reported identifying signatures or panels 
of markers for LN in cSLE (27,30). Discovery microarrays can 
be used to screen for messenger RNA (mRNA) levels. Post-
translational modifications such as glycosylation and meth-
ylation, and even disease-specific protein fragmentation, are 
assessed using proteomic techniques. One panel includes 
transferrin, orosomucoid, ceruloplasmin, and lipocalin-type 
prostaglandin D synthase (β-trace protein) (30). All four pro-
teins were found at significantly higher levels in active LN com-
pared to nonrenal SLE or JIA controls. In urine, concentrations 
are increased 3 mo before renal flare. An overlapping panel of 
six urinary biomarkers (NGAL, MCP-1, ceruloplasmin, adipo-
nectin, hemopexin, and kidney injury molecule-1) was found 
in cSLE patients to predict both AI and TIAI on kidney biopsy 
(27). Real-time polymerase chain reaction has also been used 
to assess the utility of candidate noncoding microRNAs in the 
urine of cSLE patients (34).

More research is warranted to identify and validate nonin-
vasive biomarkers for monitoring disease activity. Comorbid 
conditions, such as hypertension or diabetes, can alter the 
excretion of potential biomarkers in the absence of histologic 
changes. However, it does not appear that different biomarker 
panels will be necessary for adult-onset SLE and cSLE (manu-
script under review).

ADVANCES IN IMMUNOSUPPRESSIVE THERAPY FOR 
LUPUS NEPHRITIS
Therapeutic goals for the treatment of LN include: achiev-
ing prompt renal remission, avoiding renal flares, preventing 
chronic renal impairment, and minimizing iatrogenic effects. 
Treatment typically includes induction therapy, aimed at 
achieving LN remission by means of intensive immunosup-
pression, followed by maintenance therapy, aimed at avoiding 
LN flares with less intensive immunosuppression (Table 4).  
Responses may differ by race and ethnicity, and treatment 
decisions are mostly based on either the large clinical trials 
adult studies or small pediatric cohort studies (39). There are 
no established steroid-free protocols developed for cSLE.

Fifty years ago, the only pharmacologic therapy available for 
treating children with LN was corticosteroids (6). High-dose 
oral (2 mg/kg/d) and intermittent “pulse” IV doses (30 mg/kg) 
were moderately effective, but inhibition of growth in children 
was concerning (40). Fortunately, several steroid-sparing ther-
apies have been implemented. Starting in the 1970s, monthly 
IV dosing of cyclophosphamide (CYC) was the treatment of 
choice for proliferative LN and in the mid-1990s IV CYC plus 
pulse steroids was shown to be superior to pulse steroids alone 
as induction therapy. This became known as the “NIH proto-
col.” Efficacy of comparable CYC protocols has been reported 
in pediatric cohorts (41–43). However, high rates of gonadal 
toxicity, serious infection, and malignancy with this regimen 
are a concern. A lower dose CYC protocol was initially used 
in Europe in adults (the “Euro-lupus protocol”) (44) and holds 
promise for LN in children.

Another less toxic approach to induction therapy has been 
mycophenolate mofetil (MMF), an inhibitor of the de novo 

Table 3. Candidate biomarkers for lupus nephritisa

Serum

Anti-C1q antibodies

Anti-GBM antibodies

APRIL

BAFF

Urine

Adiponectin

CCL2/MCP-1

CCL5/RANTES

Ceruloplasmin

Hemopexin

IP-10

KIM-1

L-PDGS

NGAL

Orosomucoid

Transferrin

TWEAK

VCAM-1
aAPRIL, a proliferation-inducing ligand; BAFF, B-lymphocyte activating factor; CCL, 
CC-type chemokine ligand; GBM, glomerular basement membrane; IP, interferon 
γ-induced protein; L-PDGS, lipocalin-type prostaglandin D synthase; KIM, kidney injury 
molecule; RANTES, regulated on activation, normal T cell expressed and secreted; 
TWEAK, tumor necrosis factor-like weak inducer of apoptosis; VCAM, vascular cell 
adhesion molecule.
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purine synthesis pathway with selectivity for proliferating lym-
phocytes. Following several non-inferiority studies in adult 
LN patients, retrospective studies have confirmed efficacy as 
induction (42,45) and maintenance therapy (46), as well as for 
rescue therapy of refractory LN (47) in children. Small pediat-
ric studies have reported efficacy for MMF for class II (45), III 
(42), and V LN (47).

Other immunosuppressive agents with some evidence 
for efficacy in LN include: azathioprine (AZA), tacrolimus 
(TAC), and cyclosporine (CSA). Retrospective data in chil-
dren showed a favorable response to AZA and prednisone 
compared to CYC and prednisone for induction therapy of LN 
(43). The MAINTAIN trial reported good efficacy for either 
AZA or MMF for maintenance therapy of LN in adults (48). 
A multi-center, randomized controlled study of 81 subjects as 
young as 14 y of age with LN in China suggests comparable 
renal response rates (90%) and superior complete response 
rates (52%) using TAC plus prednisone versus IV CYC plus 
prednisone (82 and 39%) (49). Adverse events were less fre-
quent (GI, leukopenia) with TAC. A prospective randomized 
trial showed comparable outcomes between CSA and CYC in 
children (50). Retrospective data in children support the effi-
cacy of sequential induction therapy with MMF followed by 
CSA for proliferative LN (51).

Despite prospective clinical trials failing to show benefit 
for use of B-cell depleting agents in SLE, there are numerous 
observational studies reporting efficacy for refractory disease 
using rituximab as an add-on therapy for use in both adult- 
and cSLE (52–56). A UK pediatric cohort study (25 patients 

with LN, 38 courses) showed improved disease activity (55). 
The safety of rituximab use for pediatric autoimmune dis-
eases has been assessed in a single center study of 104 patients 
(including 50 with cSLE) and the rate of infections requiring 
hospitalization was 9.1% (56).

Since conducting large-scale clinical trials in cSLE is not fea-
sible, due to small population size and lack of funding, reduc-
tion of clinical practice variability through the development of 
consensus treatment plans (CTPs) is an alternative approach 
that provides for future comparison of outcomes and stan-
dardization of therapy. The development of CTPs in 2012 for 
induction therapy of newly diagnosed proliferative LN in cSLE 
represents a tremendous advancement (36). The CTPs provide 
three strategies for standardized use of glucocorticoids, includ-
ing primarily oral, mixed oral/IV and primarily IV regimens. 
CTPs are also included for initial therapy with either daily oral 
MMF or monthly IV CYC for 6 mo. Research studies are ongo-
ing to gauge the utility of these CTPs at individual pediatric 
sites. Consistent use of the CTPs may improve the prognosis of 
proliferative LN and will facilitate the conduct of future com-
parative effectiveness studies aimed at optimizing therapeutic 
strategies.

TOOLS TO MONITOR SLE AND ADVANCES IN CHRONIC 
DISEASE MANAGEMENT
Managing chronic illness is time consuming and complicated. 
Scoring indices that track treatable disease activity and non-
reversible damage have been developed for lupus (57). Single 
center studies from Canada and Brazil have validated the utility 
of these activity and damage indices in cSLE patients (58,59), 
but modifications of the scales developed for adults with SLE 
have improved overall accuracy (60). Outcomes research in 
cSLE has also evolved to include health-related quality of life 
(HRQOL). High-quality HRQOL data for cSLE patients from 
four large centers in Canada (61) has provided a baseline for 
comparing disease interventions with respect to disease activ-
ity and accumulated damage.

Outcomes depended on numerous factors including: patient 
and family resources, physician resources, and the medical 
institution’s size and commitment to quality care. It is impor-
tant for each medical visit to address not only acute problems, 
but also health maintenance. Important collaborative mul-
ticenter studies have addressed some of these issues in cSLE, 
including a randomized double-blind placebo-controlled 
clinical trial of routine statin use in subclinical atherosclerosis 
progression (62).

There has also been a move toward quality driven care. In 
2001, The US Institute of Medicine issued a report citing safety 
deficiencies in the American health care system stemming 
from a lack of metrics to assess the quality of patient care (63). 
In response, an international consensus was reached for a set of 
process quality indicators for cSLE (Table 5) (64). Assessment 
between 2011–2014 shows that these quality indicators had 
not been consistently met (65) and likely contributed to sub-
optimal clinical outcomes. Further studies will address the 
needs of patients, families, physicians, and medical institutions 

Table 4. Pharmacotherapy for childhood-onset SLE

Induction/initial therapy

Corticosteroidsa

Cyclophosphamide

Mycophenolate mofetil

Secondary for refractory disease

Rituximab

Maintenance therapy

Mycophenolate mofetil

Azathioprine

Hydroxychloroquinea

Chloroquine

Anticoagulation therapy

Aspirin

Coumadin

Low-molecular weight heparin

Renin Angiotensin Blockade

Angiotensin converting enzyme inhibitors

Angiotensin receptor blockers

Diuretic therapy

Loop diuretics
aApproved by the US Food and Drug Administration for SLE.
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in order to meet these minimal standards. Learning net-
works have been developed to address quality improvement 
approaches in complex, multicenter health care systems. One 
example is PR-COIN (Pediatric Rheumatology Collaborative 
Improvement Network), a learning-collaborative including 
over a dozen pediatric rheumatology sites (https://pr-coin.
org/).

Another advance in our approach to better management of 
cSLE has come from involving our patients and their fami-
lies in clinical research projects (66). Such “patient oriented 
research” has begun by using focus groups and has identi-
fied problems that cSLE patients themselves want addressed: 
marred identity, restricted major life decisions, uncertainty 
regarding their health, resentment of long-term treatment, and 
lack of resilience. These studies allow for more focused needs 
based psychosocial and educational interventions.

The availability of resources to treat cSLE patients and 
improve access of care is of utmost importance. International 
consensus has been reached on preliminary criteria for 
diagnosing global flares in cSLE (67). Comprehensive care 
of a pediatric patient with SLE requires a multidisciplinary 
team including: pediatric rheumatology, nephrology, oph-
thalmology, psychology, the primary care physician and/or 
adolescent medicine, and sometimes physical therapy, der-
matology, cardiology, orthopedics, neurology, gastroenterol-
ogy, pulmonary, or infectious disease. Patients and families 
need to have social workers available as well. This becomes 
most important at the time of transition to adult care pro-
viders. Transition programs and access to care teams in the 
adult world allows for a smoother transition for patients with 
chronic disease, and research has been published specifically 
for childhood-onset SLE patients (68). Many institutions 
have moved towards comprehensive clinics that include 
appointments with pediatric rheumatology and pediatric 
nephrology as well as adolescent medicine. In the future, 
these multidisciplinary teams may grow to include access to 
more specialists.

ADVANCES IN INFRASTRUCTURE TO STUDY LN IN 
CHILDREN
There have been several advances toward the goal of imple-
menting best practices in cSLE. Ideally, a patient who develops 
disease in a small town will receive the same care as another 
child diagnosed in a large medical center across town or across 
the globe. Evidence-based guidelines have not been available 
for children with SLE and this has not changed in the past 50 
y. Due to small sample sizes and limited funding for research, 
many management decisions made caring for cSLE patients 
will never be truly evidence based. Chapter 12, section 12 of 
the KDIGO (Kidney Disease Improving Global Outcomes) 
guidelines for glomerulonephritis suggest that children with 
LN receive the same therapies as adults with LN, with dos-
ing based on patient size and GFR (69). This is because the 
quality of evidence for a pediatric-specific approach to LN was 
deemed very low.

Disease registries help in assessing patient outcomes espe-
cially in regards to treatment. The Childhood Arthritis 
Rheumatology Research Alliance (CARRA) registry includes 
an observational longitudinal data capture resource from 
clinical sites representing all major geographic regions of the 
United States (19). The Italian Collaborative Study (70) and 
the 1000 Canadian Faces of Lupus Cohort (71) both pro-
vided useful information as well. In addition, cohorts such 
as the UK JSLE Cohort Study (4,23,31,55), the PULSE cohort 
in Africa (72), and the Israeli National Registry of Children 
with Rheumatic Diseases (73) are actively enrolling pediat-
ric lupus patients elsewhere around the world. The Pediatric 
Rheumatology International Trials Organization (PRINTO) 
and the Pediatric Rheumatology Collaborative Study Group 
are two research networks that specialize in conducting stud-
ies in pediatric rheumatology, including cSLE. The Midwest 
Pediatric Nephrology Consortium (MWPNC) maintains 
an active registry (manuscript in preparation) as do several 
pediatric hospitals and institutions. In North America, the 
Pediatric Nephrology and Rheumatology Collaborative Group 
(PNR-CG) was established in 2014 with a goal of promoting 
multi-disciplinary research into cSLE and developing more 
consensus treatment plans. The first initiative of this group 
resulted in a publication on practice patterns for kidney biopsy 
in cSLE (28). Consensus building nationally and internation-
ally will allow for fewer confounders when assessing retrospec-
tive data and will aid in the design of prospective clinical trials.

OUTCOMES OF LUPUS NEPHRITIS IN CHILDREN IN 2016
Renal involvement in SLE increases morbidity due to the 
effects of high-dose immunosuppression, renal dysfunction, 
and hypertension on the brain, cardiovascular system, and the 
bones during growth and development. Although they differ 
based on ethnicity, race, and socioeconomic status, outcomes 
have greatly improved over the past several decades (Table 6). 
Prior to corticosteroid therapy, patient survival did not exceed 
5 y (6,7). At that time, progression to end-stage kidney disease 
(ESKD) had a high mortality rate in children. One third died 
from complications of kidney failure, another third died of 

Table 5. International consensus quality indicators for childhood-
onset SLEa

1. Use of daily sunscreen

2. Eye screening on anti-malarials

3. Daily exercise to help prevent cardiovascular disease

4. Routine laboratory screen for lupus activity

5. Reproductive health discussions including birth control and STDs

6. Bone health and the need for both calcium and vitamin D

7. Management of blood pressure and proteinuria with ACEi or ARBs

8.  Assessment for influenza, pneumococcal, and meningococcal 
vaccinations

9.  Assessment for changes in cognitive performance at school or in the 
home

aACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; 
STD, sexually transmitted diseases.
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sepsis or severe infections, whereas CNS vasculitis and pulmo-
nary hemorrhage played a more minor role. Outcomes greatly 
improved by 1990 in both children (52,74–82) and adults 
(83) with SLE and LN (92–95% patient and 89–90% renal 
survival 10 y after diagnosis), but have been unchanged over 
the past 2 decades (52,80–85). In the 21st century, the main 
causes of death in SLE are cardiopulmonary and infectious. 
The management change associated temporally with the larg-
est improvement in renal survival was the addition of mainte-
nance immunosuppression after induction therapy (52).

Despite immunosuppression, only 55% of cSLE patients 
with proliferative LN (class III and IV) achieve renal remis-
sion (22,86,87). While 90% of cSLE patients with class V LN in 
cSLE achieve renal remission, only 76% can maintain remis-
sion despite low dose oral corticosteroids and/or maintenance 
immunosuppression such as AZA or MMF (88,89). The rate 
of kidney flares due to SLE is 25–50% on therapy (51,84,89). 
Besides class IV LN, risk factors for development of ESKD 
include male gender, black race, hypertension, nephrotic syn-
drome, anti-phospholipid antibodies, high glomerular staining 
for MCP-1, chronicity on biopsy, poor response to induction 
therapy, and occurrence of nephritic kidney flare (23,87).

The mortality rate on dialysis (22% at 5 y) is similar to 
that reported for other causes of pediatric-onset ESKD (90). 
One third of cSLE patients with LN and ESKD receive a kid-
ney transplant within 5 y. Based on data from the US Renal 
Data System (USRDS) from 1995 to 2006, 51% were African 
American and 24% Hispanic (90). There were fewer kidney 
transplants among older vs. younger (odds ratio (OR): 0.59, 

confidence interval (CI): 0.43–0.81), African American vs. 
white (OR: 0.48, CI: 0.32–0.71), Hispanic vs. non-Hispanic 
(OR: 0.63, CI: 0.41–0.96) children, and those with Medicaid 
vs. private insurance (OR: 0.7, CI: 0.51–0.97). Mortality was 
almost double among African American vs. white children 
(OR: 1.83, CI: 1.03–3.24). Moreover, children in the Northeast 
and West (vs. South) are more likely to be offered a kidney 
transplant (90). The goal for the immediate future will be to 
identify the causes for these health disparities and to begin to 
address them.

Overall, graft survival and infection-related complica-
tions are comparable between transplantation patients with 
LN-associated ESKD and allograft recipients with ESKD 
because of other causes (90,91). Serological markers of disease 
activity (complement C3 and C4 levels, dsDNA antibodies) 
are even less accurate during the post-transplantation period. 
Fortunately, recurrent nephritis is very low: less than 3% of the 
patients had symptomatic disease. Only 7% of graft failures are 
attributable to recurrent LN. However, if a patient has recur-
rent nephritis, they have a fourfold increased risk for graft 
failure.

CONCLUSION
cSLE is an extremely complex disease that has been difficult to 
diagnose and treat. Given this complexity, pediatricians and 
pediatric subspecialists treating these patients have depended 
on astute clinical observations. There remains a great need for 
more research in children with LN to develop a more precise 
classification system of kidney injury based on more intricate 

Table 6. Outcomes of lupus nephritis in cSLE over the past 50 ya

Date of diagnosis Country SLE patient survival LN patient survival LN renal survival Reference

1945–1967 United States 28% 5-y -- -- (6)

1959–1966 United States 56% 5-y 23% 10-y -- (7)

1948–1980 England 76% 10-y -- -- (8)

1958–1974 United States 86% 10-y 73–87% 10-yb -- (74)

1970–1983 United States -- 28% 10-y 60% 10-y (75)

1958–1980 United States 85% 10-y 69% 9-y -- (76)

1965–1999 United States -- 86% 10-y 45% 10-y (77)

1965–1992 United States -- 68% 10-y 30% 10-y (78)

1984–1991 Canada -- 94% 10-y 85% 10-y (20)

1983–2001 Serbia -- 98% 5-y 89% 5-y (79)

1985–2007 Thailand 64% 10-y -- 93% 5-y (80)

1984–2013 Croatia -- 91% 5-y 87% 5-y (81)

1990’s United States 91% 5-y -- -- (82)

1990–2010 United States -- 94% 5-y 90% 5-y (52)

1999–2011 Taiwan -- 87% 10-y 89% 10-y (84)

1991–2013 India -- 59% 10-y 78% 10-y (85)

1995–2013 Singapore -- 100% 9-y 94% 9-y (51)

2000–2010 Hungary 95% 7-y -- 94% 7-y (11)
aOutcomes should be considered best case scenarios, since each study had subjects lost to follow-up. bRange provided because publication compares outcomes of different classes of 
lupus nephritis
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molecular details of cellular function and inflammation, with 
emerging technologies offering new tools to address this gap in 
scientific knowledge. Besides basic and translational research 
in cSLE, robust epidemiological information is needed to focus 
research and resources appropriately in support of improved 
prognosis in cSLE. Repeat kidney biopsies in patients followed 
in prospective registries will more information on natural his-
tory. Real-time bedside and home monitoring technology will 
reduce the time to diagnosis of SLE flares, exacerbations, and 
treatment failures. Social media and novel approaches to health 
care provision may increase the accuracy with which patient 
outcomes can be measured, medication side effects recorded, 
and ultimately treatment adherence monitored. If the progress 
made in the past 50 y can be matched over the next 50 y, then 
surely our patients will benefit.
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