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Abstract 

Background  

A lack of consensus exists as to the timing of kidney biopsy in children with steroid-

dependent nephrotic syndrome (SDNS) where minimal change disease (MCD) predominates. 

This study aimed at examining the applicability of a biomarker-assisted risk score model to 

select SDNS patients at high risk of focal segmental glomerulosclerosis (FSGS) for biopsy.   

Methods  

Fifty-five patients with SDNS and biopsy-proven MCD (n=40) or FSGS (n=15), were 

studied. A risk score model was developed with variables consisting of age, sex, eGFR, 

suPAR levels and percent CD8+ memory T-cells. Following multivariate regression analysis, 

total risk score was calculated as sum of the products of odds ratios and corresponding 

variables. Predictive cut-off point was determined using receiver operator characteristics 

(ROC) curve analysis.  

Results 

Plasma suPAR levels in FSGS patients were significantly higher, while percent 

CD45RO+CD8+CD3+ was significantly lower than MCD patients and controls. ROC analysis 

suggests the risk score model with threshold score of 16.7 (AUC 0.84, 95%CI 0.72-0.96) was 

a good predictor of FSGS on biopsy. The 100% PPV cut-off was >24.0, while the 100% NPV 

was <13.3.  

Conclusion 

A suPAR and CD8+ memory T-cells percentage based risk score model was developed to 

stratify SDNS patients for biopsy and for predicting FSGS. 



4 

 

 

Introduction 

Minimal change disease (MCD) is the most common histological lesion in renal biopsies of 

children presenting with idiopathic nephrotic syndrome (INS) while focal segmental 

glomerulosclerosis (FSGS) is observed in approximately 10% of cases of INS in children 

below 6 years of age and 20-50% of adolescents (1). Current practice in pediatrics involves 

performing a kidney biopsy when the patient exhibits steroid resistance, as well as in some 

patients with steroid dependence. FSGS is the most prevalent histologic lesion in steroid 

resistant nephrotic syndrome (SRNS) and also the major cause of end stage kidney disease 

(ESKD). On the other hand, MCD, which has a better outcome, is the prominent histology 

among those with steroid dependent nephrotic syndrome (SDNS). While the indication for 

biopsy in SRNS has been established, there is a lack of consensus as to the necessity and 

timing for biopsy in SDNS, since MCD is the predominant lesion. There is no single proven 

clinical parameter or biomarker that can predict FSGS in patients with SDNS without a 

biopsy. The poorer renal outcome associated with FSGS serves as an impetus to search for a 

rapid, non-invasive, distinct biomarker with potential clinical applications. Such a biomarker 

would be valuable as a guide for early timing of kidney biopsy and subsequent therapeutic 

options in patients considered as “high risk” of developing renal insufficiency.  

Soluble urokinase-type plasminogen activator receptor (suPAR) is a circulating 

signalling molecule likely derived from immature myeloid cells (2). It is a receptor for 

urokinase and a ligand for integrins (3). Studies by Wei et al proposed suPAR to be a 

circulating factor in FSGS and ushered new insights into the causes of this proteinuric kidney 

disease (4). Circulating suPAR binds to podocyte integrins leading to integrin activation and 

proteinuria either through its elevated levels (4) or through its cooperation with other 

molecules known to be associated with FSGS such as mutated APOL1 proteins or auto-
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antibodies targeting CD40 (5,6). Initial studies have shown that serum suPAR levels were 

significantly elevated in patients with FSGS with preserved renal function, in contrast to 

those with MCD and membranous nephropathy (4). Follow up studies was able to replicate 

the elevated suPAR in FSGS amongst patients with mild renal dysfunction. However, more 

studies are needed to dissect whether the elevated suPAR level seen in FSGS is due to the 

disease itself (pathogenic) or the reduced renal function per se (7-10). In particular, a study 

that investigated the relationship of suPAR with proteinuria in children with primary 

nephrotic syndrome demonstrated that a relatively higher suPAR level was associated with 

steroid resistance regardless of pathology, i.e. either FSGS or MCD. This was consistent with 

the hypothesis that serum suPAR concentration parallels the severity of podocyte injury (11). 

Additional large patient observational studies identified suPAR to be independent of 

estimated glomerular filtration rate (eGFR) above 90 mL/min/1.73m2 as well as a strong 

independent predictor for chronic kidney disease (CKD) incidence and progression (12,13). 

The precise role for suPAR in FSGS compared to other causes of CKD including diabetic 

nephropathy is still being investigated.  

On the other hand, there is some evidence of T-cell involvement in a subgroup of 

patients with FSGS. Earlier studies on renal biopsy tissue demonstrated interleukin-2 receptor 

alpha (IL-2Rα) mRNA expression in 70% of FSGS patients (14), as well as T-cell infiltration 

in children with FSGS compared with other forms of glomerulopathy (15). In an 

experimental rat model of proteinuria with histological FSGS lesions accompanied by TH2-

predominant T-cell infiltration (16), CD4+CD25+ T-lymphocyte transfer reduced the 

proteinuria with regression of FSGS lesions (17). 

This study aimed to develop a non-invasive risk scoring model with circulating 

suPAR and lymphocyte subsets, in order to provide a guide to the timing of renal biopsy in 

pediatric SDNS patients with a high suspicion of FSGS as the underlying aetiology. 



6 

 

 

Methods 

Study Design 

Recruitment of patients with INS is outlined in Figure 1. A total of 98 consecutive children 

with SDNS underwent renal biopsy at the Shaw-NKF-NUH Children’s Kidney Center in 

Singapore between 1996 and 2017 and had the biopsy diagnosis of FSGS or MCD (Figure 1). 

Fifty-five (63%) of these children who were still on follow-up after 2008 and consented for 

research participation were included in the study as the discovery cohort. SDNS was defined 

as inability to taper off prednisolone therapy without relapse or relapse within 14 days of its 

discontinuation. Exclusion criteria included patients with eGFR ≤ 60 mL/min/1.73m2, 

bacterial sepsis, underlying systemic disease such as lupus nephritis, and secondary causes of 

FSGS such as genetic mutations, and congenital anomalies of the kidney and urinary tract 

including reflux nephropathy and solitary kidneys. Clinical and demographic characteristics 

of the patients were obtained, including age at presentation, age at time of study, sex, race, 

nephrotic status, immunosuppressive drugs prior to biopsy, eGFR (based on the modified 

Schwartz formula) (18), hematuria or hypertension status at biopsy and years from disease 

onset. 

To assess the performance characteristics of the risk score model in patients with 

SRNS, 32 additional pediatric patients with SRNS and eGFR >60 mL/min/1.73m2 were 

recruited (Figure 1). SRNS was defined as failure to achieve complete remission defined by 

loss of proteinuria (urinary total protein < 0.3 g/1.73m2/day or urine protein:creatinine ratio < 

0.02 g/mmol or < 1+ protein on dipstick for three consecutive days) despite therapy with 

prednisolone at 60 mg/m2/day for 8 weeks. A total of 55 children with SRNS due to either 

MCD or FSGS were biopsied between 1996 and 2017, of whom 32 (58%) were still on 

follow-up after 2008, and who fulfilled the inclusion criteria of having normal renal function 
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(eGFR >60 mL/min/1.73m2) and consented for research participation. As a baseline 

comparison for suPAR and lymphocyte subset analysis, 50 age- and sex-matched healthy 

controls were recruited from the General Nephrology Clinic, and comprised patients who had 

non-glomerular disorders such as mild vesicoureteric reflux and duplex kidneys, with normal 

renal function (eGFR > 90 mL/min/1.73m2) and no evidence of albuminuria or urinary tract 

infection.  

Informed consent and assent were obtained from the parents and patients. This study 

was approved by the Institutional Ethics Review Committee, Domain Specific Review 

Boards, National Healthcare Group, Singapore (2007/00459 and 2011/00408) and conducted 

in accordance with the approved guidelines and regulations. 

 

suPAR Measurement 

Blood samples were collected in EDTA tubes from the study subjects. Plasma was obtained 

within 30 minutes of sample collection, aliquoted and stored at -80°C until assay. Plasma 

suPAR concentration was determined using Quantikine Human uPAR Immunoassay (R&D 

Systems, Inc, Minneapolis, MN) according to the manufacturer’s protocol. Fifty microliters 

of standard or samples were added to wells pre-coated with mouse monoclonal antibody 

specific for human uPAR and incubated for two hours. All plasma samples were diluted 5-

fold. The wells were washed four times, and subsequently incubated for two hours with 200 

L of horseradish peroxidase-labelled polyclonal antibody specific for uPAR. Following 

another four washes, 200 L of substrate solution containing tetramethylbenzidine and 

hydrogen peroxide was added for colour development and this was stopped after 30 minutes 

by adding 50 L of 2N sulfuric acid. The optical density (OD) was measured at 450 nm with 

wavelength subtraction at 540 nm using a microplate reader (Bio-Rad Laboratories Inc, 
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Hercules, CA). The intra-assay and inter-assay variability for the suPAR measurements were 

2.9% and 7.7% respectively. 

 

Lymphocyte Subsets Phenotyping 

The following mouse IgG1, κ isotype control and mouse anti-human monoclonal antibodies 

(mAbs) were purchased from Becton Dickinson (Franklin Lakes, NJ): Fluorescein 

isothiocyanate (FITC)-conjugated IgG1, CD19 and CD45RA; phycoerythrin (PE)-conjugated 

IgG1, CD16, CD45RO and CD56; peridin chlorophyll protein (PerCP)-conjugated IgG1, 

CD3 and CD4; allophycocyanin (APC)-conjugated IgG1 and CD25; V450-conjugated CD3; 

and V500-conjugated mouse IgG1 and CD8.  Lymphocyte subset staining was performed by 

the lysed whole blood method as described previously (19).  Data analysis for determination 

of percentage of positive cells was performed using CellQuest™ Pro software (Becton 

Dickinson). 

 

Statistical Analysis 

Statistical analysis was performed using SPSS software (version 20.0 for Windows©, SPSS 

Inc, Chicago, Ill).  Data were expressed as median and interquartile range. Univariate 

comparison between MCD and FSGS was performed using chi-square test for categorical 

variables and Mann-Whitney U test for continuous variables. Bonferroni correction was 

carried out for multiple subset comparisons. Multivariate analysis was performed using 

binary logistic regression to examine the association between biopsy outcome and clinical 

and demographic indicators. Receiver-operating characteristic (ROC) curve analysis was 

used to determine utility of the individual markers for predicting biopsy outcome. Binary 

logistic regression was performed to evaluate the combined utility of the significant markers 

in predicting biopsy outcome.  
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A risk score predictive model was developed with categorical variables consisting of 

the demographic parameters (sex and age), eGFR, as well as plasma suPAR level and 

percentage of CD8+ memory T-cells. suPAR and CD8+ memory T-cells were assigned as 1 

for values from 0 to 25th percentile, 2 for 25th to 50th percentile, 3 for 50th to 75th percentile 

and 4 for 75th to 100th percentile; eGFR was assigned a value of 0 for eGFR > 90 

mL/min/1.73m2 or 1 for eGFR ≤ 90 mL/min/1.73m2. The weights for each variable in the 

model were based on the odds ratios (OR) from the multivariate logistic regression. Total risk 

score was defined as sum of the products of OR and the corresponding variables. A predictive 

cut-off point was determined using the ROC curve analysis.  A P value < 0.05 was 

considered statistically significant. 

 

Results  

Baseline Characteristics 

Fifty-five consecutive patients with SDNS (median age 13 years, range 2 to 33 years), age of 

onset of nephrotic syndrome 1 to 15 years with biopsy-proven MCD (n = 40) and FSGS (n = 

15), were studied. There was no significant difference between MCD and FSGS in terms of 

age of first presentation, age at time of sampling, sex, race, nephrotic status, medication prior 

to biopsy, hematuria or hypertension at biopsy and years from disease onset on both 

univariate and multivariate analysis (Table 1). However, the proportion of FSGS patients 

(26.7%) with eGFR between 60 to 90 mL/min/1.73m2 was significantly greater than MCD 

patients (5%) only on univariate analysis (P = 0.04).  

 

Altered suPAR Levels and Memory T-cells in FSGS Patients 

The plasma suPAR levels in FSGS patients [2272.4 (1993.4, 3369.0) pg/mL] were 

significantly higher compared with MCD patients [1891.5 (1566.0, 2256.4) pg/mL] (P = 
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0.02) and healthy controls [1806.6 (1545.0, 2068.5) pg/mL] (P = 0.001) (Figure 2A). Among 

the lymphocyte subsets studied (Table 2), only the percentage of CD8+ memory T-cells 

(CD45RO+CD8+CD3+) in FSGS patients [17.1 (13.0, 25.5) %] was significantly lower 

compared with MCD patients [32.0 (19.0, 42.7) %] (P = 0.02) and healthy controls [30.8 

(19.4, 38.8) %] (P = 0.007) (Figure 2B). After applying Bonferroni correction for the number 

of subsets being analysed, the differences between FSGS patients and controls remained 

significant (P = 0.02). Although the percentage of CD8+ naïve (CD45RA) T-cells was 

significantly higher in FSGS patients [79.3 (71.1, 83.1) %] compared with MCD patients 

[71.8 (58.4, 80.0) %] (P = 0.04), this did not reach statistical significant compared with 

controls [73.0 (63.8, 80.7) %]. 

While the percentage of CD4+ naïve (CD45RA) and memory (CD45RO) T-cells were 

significantly different both in MCD patients (P = 0.001) and FSGS patients (P < 0.05) 

compared with controls, they could not differentiate between MCD and FSGS patients (Table 

2). Similarly, there was no difference in the percentage of CD25+CD4+CD3+ cells in MCD 

and FSGS patients though the percentage of this subset in MCD was significantly higher than 

controls (P = 0.003) (Table 2). There was no difference in the percentage of B-cells, T-cells, 

natural killer cells, as well as helper T-cell (CD4+CD3+), cytotoxic T-cell (CD8+CD3+) and 

regulatory T-cell subsets, in MCD and FSGS patients. 

 

Predictive Model for Renal Biopsy (MeSsAGe) 

To identify the markers which might provide a threshold for performing a renal biopsy to 

diagnose FSGS in children with SDNS, an ROC analysis was initially done using the 

variables that were significantly different on univariate analysis (Table 3). Although eGFR, 

plasma suPAR levels and percent CD8+ memory T-cells were significant on univariate 

analysis, ROC analysis showed that eGFR (AUC 0.61, 95% CI 0.43-0.79), suPAR (AUC 
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0.69, 95% CI 0.53-0.85) and CD8+ memory T-cells (AUC 0.73, 95% CI 0.57-0.88) alone 

were not sufficient in predicting biopsy outcome in children with SDNS. Combining eGFR 

and CD45RO (AUC 0.76, 95% CI 0.61-0.92) or eGFR and suPAR (AUC 0.71, 95% CI 0.54-

0.87) did not improve the predictive characteristics. However, combining suPAR, eGFR and 

CD8+ memory T-cells improved the predictive performance (AUC 0.82, 95% CI 0.69-0.95).  

A risk score predictive model (MeSsAGe) for renal biopsy was subsequently 

generated factoring in quartiles of CD8+ Memory T-cells (CD45RO+CD8+CD3+), Sex, 

quartiles of plasma suPAR levels, Age, and Glomerular filtration rate. Plasma suPAR levels 

were categorized as follows: 25th quartile 1597 pg/mL, 50th quartile 2021 pg/mL, and 75th 

quartile 2459 pg/mlL while the percentage of CD8+ memory T-cells were categorized as 

follows: 25th quartile 16.1%, 50th quartile 24.6%, and 75th quartile 39.7%. 

The total risk score was obtained by summing the products of odds ratio and the 

corresponding variable as follows:  

Total risk score = 3.2*Male+8.5*Age[7-18 years]+12.7*Age[≥19 years]+1.6*suPAR[≥75th 

quartiles]+6.0*eGFR[60-90 mL/min/1.73m2]+10.7*CD45RO+CD8+CD3+[≤25th 

quartiles]+11.0*CD45RO+CD8+CD3+[25-50th quartiles]+1.6*CD45RO+CD8+CD3+[50-75th 

quartiles] 

 This model yielded a minimum value of 0 and maximum value of 34.5 giving a 

threshold risk score of 16.7 (AUC 0.84, 95% CI 0.72-0.96) with a sensitivity and specificity 

of 85.7% and 67.6% respectively, and a positive predictive value (PPV), negative predictive 

value (NPV) of 52.2%, 92.0%. The 100% PPV cut-off was >24.0, while the 100% NPV was 

<13.3. 
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Discriminatory Performance Characteristics of the MeSsAGe Risk Score Model in 

Patients with SRNS 

To evaluate the accuracy of the predictive model, we calculated the risk scores in a separate 

cohort of patients with SRNS (median age 13 years, range 3 to 24 years) with biopsy-proven 

MCD (n = 13) and FSGS (n = 19). Using the threshold value from the risk score model, 

80.0% (16 out of 20) of the patients with scores ≥ 16.7 had FSGS whereas 75.0% (9 out of 

12) of the patients with score < 16.7 had MCD. With the 100% PPV cut-off derived from the 

risk score model, 85.7% (6 out of 7) of the patients with scores > 24 had FSGS; while the 

100% NPV cut-off yielded 71.4% (5 out of 7) of the patients with scores < 13.3 who had 

MCD. 

 

Discussion 

There is a need to re-evaluate the indications for biopsy in children with SDNS in order to 

identify those patients with probable FSGS that may need more aggressive 

immunosuppressive treatment to achieve sustained remission. A biomarker-assisted risk score 

model if validated may reduce the need for renal biopsy in SDNS patients deemed likely to 

have MCD. 

The significance of low eGFR at diagnosis cannot be discounted as it portends a poor 

renal outcome among patients with FSGS (20-24). This was consistent with the 1978 

International Study of Kidney Disease in Children (ISKDC) report, which showed that serum 

creatinine at the time of diagnosis can differentiate fairly well between patients with FSGS 

and MCD (25). In contrast, Alshami et al did not find eGFR to be an accurate predictor of 

FSGS but non-response to steroids at 6 weeks did, which was not surprising as FSGS is the 

predominant lesion in SRNS (26). Renal function in children with SDNS is usually not 

significantly impaired, with eGFR > 60 mL/min/1.73m2. There is a scarcity of data regarding 
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the use of eGFR to predict FSGS in children with SDNS. In our study, we showed that eGFR 

between 60 to 90 mL/min/1.73m2 prior to biopsy, was significantly associated with the 

diagnosis of FSGS on renal biopsy.  

suPAR is derived from uPAR, as the cleaved product of an enzymatic process after 

removal of the GPI anchor releasing it from the cell membrane, or as a secretory isoform of 

uPAR. suPAR itself can be further processed to remove domain 1, thus suPAR can possess 

multiple forms. Elevation of suPAR levels has been associated notably with several 

inflammatory conditions as well as different cancers. In kidney rodent models, suPAR has 

been identified as a circulating factor causing glomerular disease (2,4) but not after short-

term infusion (27). Mechanistically, high levels of suPAR allows activation of podocyte β3-

integrin, which is sufficient to drive podocyte foot process effacement, proteinuria and 

initiation of FSGS.  suPAR’s signalling capacity is enhanced by podocyte injurious 

molecules such as mutated APOL1 protein or anti-CD40 autoantibodies (5,6).  

In a kidney transplant recipient with recurrent FSGS and very high suPAR levels, 

improvement in proteinuria was demonstrated following transient reduction of suPAR levels 

through plasmapheresis and immuno-adsorption (28). Subsequent studies in 10 patients with 

recurrent FSGS post-transplantation also showed stabilization of proteinuria following 

plasmapheresis, with decrease in suPAR levels associated with reduction in podocyte 3-

integrin activation (29). As plasmapheresis removes many circulating factors, it remains to be 

seen whether suPAR is indeed the factor responsible for recurrence of FSGS post-

transplantation. Additionally, elevated urinary suPAR levels have also been implicated in 

recurrent cases of FSGS after transplantation, suggesting a possible prognostic role (30). 

Based on the clinical and experimental data on the role of suPAR as a permeability factor on 

the glomerular filtration barrier, it is conceivable that suPAR may be involved in the 

pathogenesis of FSGS. Conflicting results on suPAR levels in FSGS are attributed at least in 
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part to decreased renal function, inflammatory status, timing of sampling whether in 

nephrotic relapse or remission, effect of storage, technical variations between laboratories for 

suPAR measurement, and differences in the assay for serum or plasma samples as serum 

levels are generally higher than plasma levels (31-33). In this study where all patients had 

eGFR greater than 60 mL/min/1.73m2, we demonstrated that SDNS patients with FSGS on 

renal biopsy had significantly higher plasma suPAR levels compared with patients with 

MCD. 

Early studies suggest that CD45RO may have a role in childhood INS. The percentage 

of CD4+ and CD8+ memory T-cells in children (between 4 and 12 years of age) with INS in 

relapse were reported to be significantly higher than controls (34). About 40% of these 

children had MCD proven on renal biopsy. In another study, the percentage of CD4+ memory 

T-cells prior to steroid treatment was shown to be lower in children with steroid-sensitive 

nephrotic syndrome (between 2 and 9 years of age) compared with SRNS (35). However, a 

recent study in adults with new onset idiopathic MCD showed no significant difference in the 

percentage of CD4+ and CD8+ T cells compared with controls (36). In our cohort of SDNS 

patients, the percentage of CD4+ memory T-cells was significantly higher in both MCD and 

FSGS compared with controls, excluding it as a useful marker to differentiate between MCD 

and FSGS in our patients with SDNS. 

To date, there has been no reported studies on the role of memory T-cells in patients 

with FSGS. In our cohort of SDNS patients with FSGS, the percentage of CD8+ memory T-

cells was significantly lower than that in MCD patients and healthy controls. CD45RO+ T-

cells are the main cells producing IFNγ, IL-4 and IL-17 (37). CD45RA-CD8+ and 

CD45RO+CD8+ T-cells have been shown to produce more IFNγ, IL-2 and TNFβ than the 

naïve CD8+ T-cells (38). Recently, we reported a subgroup of FSGS patient with decreased 

IFNγ production upon PMA/ionophore stimulation (19). This subgroup of FSGS patients 
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responded favourably to rituximab treatment, suggesting the possible immunological basis 

for rituximab treatment in FSGS. The decreased percentage of CD45RO+CD8+ cells in SDNS 

patients with FSGS in our current study further supports the presence of a subgroup of FSGS 

patients with defective T-cells response.  

Although eGFR between 60 to 90 mL/min/1.73m2, high plasma suPAR levels and 

low percentage of CD8+ memory T-cells were associated with FSGS in our study, none 

performed well individually in predicting biopsy outcome. This was consistent with findings 

from Wada et al where the AUC-ROC of suPAR was only 0.684, suggesting that suPAR 

alone may not be sufficient to differentiate FSGS from MCD in adults (39). Combining the 

three markers improved the predictor performance characteristics as shown in Table 3.  

We therefore derived a risk score model that could predict a subset of SDNS patients 

with FSGS as the probable histologic lesion using the two biomarkers (plasma suPAR levels 

and CD8+ memory T-cells). eGFR was included in the model to adjust for the relationship 

between eGFR and suPAR levels, although all our patients had eGFR above 60 

mL/min/1.73m2. Demographic parameters were also included in order to correct for the 

potential sex- and age-dependent effects on CD8+ memory T-cells. Additionally, sex and age 

have been shown to be predictors of poor renal outcome and response to therapy in other 

pediatric and adult studies (20-23,40). As this study focused only on patients with SDNS, 

steroid sensitivity was not included in the risk model.  

In this model, we identified a threshold risk score of > 24.0 as having a PPV of 100% 

and < 13.3 with a 100% NPV. Therefore based on our model, a patient with a risk score of 

<13.3 will most likely have MCD, obviating the need for a kidney biopsy. This comprises 

patients less than 18 years of age with an eGFR of greater than 90 mL/min/1.73m2 and 

percentage of CD8+ memory T-cells greater than 39.7%. On the other hand, FSGS is the most 

likely diagnosis on renal biopsy if the patients are more than 7 years of age with an eGFR of 
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between 60 to 90 mL/min/1.73m2 and percentage of CD8+ memory T-cells less than 24.6%. 

For patients with percentage of CD8+ memory T-cells between 24.6% to 39.7%, inclusion of 

suPAR levels in the risk score model will help to improve the predictive value for FSGS, 

justifying the need for renal biopsy. In fact, a large cohort study in children with CKD 

showed that high suPAR levels were associated with progression of renal disease (13), 

consistent with what has been observed in the adult patient population (12). 

This risk model is useful in clinical practice as it makes it easier to justify the 

indication and timing of kidney biopsy, a procedure deemed to be safe, but still invasive and 

which causes a lot of anxiety in the parents and the patients. The applicability of the results of 

this study may be limited by its small sample size. We therefore proceeded to test this model 

in a separate cohort of patients with SRNS. Our risk score model fared equally well in terms 

of predictive (80.0%) accuracy for FSGS, although in patients with SRNS this is a moot 

point, since renal biopsy is recommended for all of these patients in our center.  

In conclusion, we have developed a risk score model to stratify children with SDNS 

for renal biopsy, using biomarkers associated with the disease. Patients with a risk score of 

>24.0 should undergo kidney biopsy as there is a high likelihood of FSGS on histology. We 

recognize the limitations of over-generalization of these findings based on our single study 

population. There is hence a need to test the risk score model in a separate large validation 

cohort of patients with SDNS. This risk score model, if validated, may help in early diagnosis 

of FSGS in patients with SDNS and therefore guide the selection of alternative 

immunosuppressive therapy minimizing the toxic effects of prolonged use of high dose 

steroids, and before progressive renal injury ensues. 
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Figure legends  

Figure 1: Flowchart showing recruitment of INS patients with SDNS to generate the 

MeSsAGe risk score model and a separate cohort of patients with SRNS to assess the 

performance characteristics of the model. A total of 251 cases biopsied between 1996 and 

2017 were reviewed. 79 patients with INS secondary to MN, LN or HSPN and 19 FSGS 

patients with eGFR ≤ 60 mL/min/1.73m2 were excluded. 98 of the 153 cases with INS due to 

MCD or FSGS had SDNS, of whom 55 (63%) were still on follow-up after 2008 and 

consented to the research participation. Another 55 children had SRNS, of whom 32 (58%) 

were still on follow-up after 2008, and consented to the research. NS, nephrotic syndrome; 

INS, idiopathic nephrotic syndrome; MN, membranous nephropathy; LN, lupus nephritis; 

HSPN, henoch-schonlein purpura nephritis; MCD, minimal change disease; FSGS, focal 

segmental glomerulosclerosis; eGFR, estimated glomerular filtration rate; SDNS, steroid 

dependent nephrotic syndrome; SRNS, steroid resistant nephrotic syndrome. 

 

Figure 2:   Plasma suPAR levels and percentage of CD8+ memory T-cells in healthy 

controls (C), SDNS patients with minimal change disease (MCD), and focal segmental 

glomerulosclerosis (FSGS). Elevated plasma suPAR concentration (A) and decreased 

percentage of CD45RO+CD8+CD3+ (B) in FSGS (n = 15) compared with MCD (n = 40) and 

healthy controls (n = 50). 


