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Introduction: Secondary steroid-resistant nephrotic syndrome (SRNS) refers to the condition when pa-
tients with initial steroid-sensitive nephrotic syndrome develop steroid resistance in subsequent relapses.
Long-term outcomes of secondary SRNS in children are uncertain.

Methods: This was a single-center retrospective study of 56 children with secondary SRNS between 2006
and 2016. The survival curve was estimated using the Kaplan-Meier method. Independent risk factors for
end-stage renal disease (ESRD) were determined using Cox proportional hazards model.

Results: The median time from nephrotic syndrome onset to secondary SRNS was 7.8 months. Biopsy
results at diagnosis secondary SRNS showed that 64.3% of cases were minimal change disease (MCD). No
remission was observed in seven (12.5%) patients within the first year. The mean follow-up time was 7.8 +
3.2 years. Eight patients were clinically cured, one died before ESRD, 10 reached ESRD, and 75.0% (3 of 4)
of patients recurred post-transplantation. The 10-year ESRD-free survival rate was 85.8%. No response to
intensified immunosuppression (lIS) in the first year was the independent predictor for ESRD. Repeat
biopsies were performed in 20 cases, revealing that the reclassification from MCD to mesangial hyper-
cellularity and focal segmental glomerulosclerosis (FSGS) in two when secondary steroid resistance
appeared, from MCD and mesangial hypercellularity to FSGS in seven who developed multidrug resis-
tance, and from FSGS to MCD and mesangial hypercellularity in two with favorable outcomes.

Conclusions: The long-term outcome in children with secondary SRNS was heterogeneous, and no
response to IIS in the first year was the independent predictor for ESRD. In patients with repeat biopsy,
changes in histological appearance to FSGS were associated with multidrug resistance.
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diopathic nephrotic syndrome is the most common

glomerular disease in childhood, with an incidence of
1.15 to 16.9 per 100,000 children.' Based on the initial
standard steroid treatment response, idiopathic
nephrotic syndrome can be classified into steroid-
sensitive nephrotic syndrome (SSNS) or SRNS. How-
ever, the steroid responsiveness may alter throughout
the disease course. Some initial SRNS patients who
respond to IIS may develop secondary SSNS, whereas
some with initial SSNS may develop secondary SRNS in
subsequent relapses.” Secondary SRNS, which is also
called late SRNS or late steroid non—responders,3
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accounted for 13.8% to 35.9% of SRNS according to
published cohort studies of idiopathic nephrotic syn-
drome.”® Although it was recognized decades ago,
secondary SRNS is still not fully understood. Recent
studies have shown that secondary SRNS is associated
with a high risk of post-transplantation recurrence
which is a major cause of allograft loss.”* Therefore, it
is crucial to deeply understand the long-term renal
outcomes of this SRNS subtype and manage to reduce
the risk of kidney failure. Previous studies focused on
secondary SRNS have relatively small sample sizes and
present conflicting results.’ Hence, this relatively large
sample size study aims to investigate the long-term
outcome of secondary SRNS.

PATIENTS AND METHODS

Between 2006 and 2016, 56 consecutive children with
secondary SRNS who had been followed up for more
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than 1 year at the First Affiliated Hospital of Sun Yat-
sen University were enrolled in this retrospective
study. To avoid selection bias, we reviewed the charts
of all patients diagnosing nephrotic syndrome (NS)
(age =14 years) during the study period. Patients with
congenital NS and secondary causes of NS were
excluded. The clinical records were reviewed, and
relevant data for the course of the disease, laboratory
characteristics, biopsy findings, treatment regimen
and corresponding response were collected. The final
status of the disease was determined via the clinical
records and the telephone tracing of patients. The
endpoint of follow-up was death, ESRD, or May 31,
2020. The primary endpoint was ESRD.

We categorized IIS responsiveness according to the
best antiproteinuric response (complete remission
[CR], partial remission [PR], or no remission [NR]) to
any IIS protocol used within the first year after
secondary SRNS onset to predict long-term out-
comes.'” CR was defined as negative or trace first-
morning urine dipstick for 3 consecutive days. PR
was defined as persistently 1+ to 2+ urine dipstick.
NR was defined as persistently 3+ or 4+ urine
dipstick. SSNS was defined as patients who achieve
CR within 4 weeks of treatment with prednisone at a
standard dose (2 mg/kg/d or 60 mg/m*/d, with a
maximum of 60 mg/d). Those who do not achieve CR
after 4 weeks were considered to have SRNS. Sec-
ondary SRNS refers to the condition when initial
SSNS patients develop steroid resistance in subse-
quent relapses.”’ Calcineurin inhibitor (CNI) resis-
tance and multidrug resistance defined
according to the 2020 International Pediatric
Nephrology Association clinical practice recommen-
dations.” Estimated glomerular filtration rate was
calculated using the Schwartz formula.'' ESRD was
defined as glomerular filtration rate < 15 ml/min/1.73
m?. Patients who had maintained CR for more than 3
years after the withdrawal of steroids and IIS were
considered to be clinically cured cases.

were

Statistical Analysis

Data were expressed as mean =+ standard deviation,
median (interquartile range, Q;-Qs), or frequency
(percentage). Groups were compared by chi square test
or Fisher exact test when appropriate. We used the
Kaplan-Meier method to estimate the overall cumula-
tive renal survival rate. Possible predictive variables
associated with ESRD were evaluated using the Cox
proportional hazards model. The multivariable model
incorporated only those variables significant to P < 0.1
in the univariate models. Two-tailed P < 0.05 was
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Table 1. Clinical and histopathologic characteristics of patients

Characteristic N=56
Male 40 (71.4)
Age at diagnosis NS, median (IQR), yrs 3.9 (2.1-6.4)
Time fo initial remission, median (IQR), days 14.0 (7.0-20.8)
Time to first relapse, median (IQR), mo® 1.4 (0.5-3.0)
Time fo secondary SRNS, median (IQR), mo 7.8 (3.4-18.9)

Frequency of relapses before secondary SRNS
Once 12 21.4)

Infrequently relapsing 12 (21.4)
Frequently relapsing 23 (41.1)
Steroid dependent 7 (12.5)
Uncertain 2 (3.6)
IIS before secondary SRNS, n
Cyclosporine A 6
Tacrolimus 6
Cyclophosphamide 3
Age at diagnosis secondary SRNS, median (IQR), yrs 4.9 (3.3-7.0)
Hyperfension 23 (41.1)
eGFR < 90 mi/m/1.73 m? 5 (8.9%)
Histopathology at diagnosis secondary SRNS
MCD 36 (64.3)
FSGS 15 (26.8)
Mesangial hypercellularity 4 (7.1)
MN 1(1.8)

eGFR, estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis;
IIS, intensified immunosuppression; IQR, interquartile range; MCD, minimal change
disease; MN, membranous nephropathy; NS, nephrotic syndrome; SRNS, steroid-
resistant nephrotic syndrome.

Values are n (%) unless otherwise stated.

#Missing data, n = 6.

considered statistically significant. Statistical analyses
were performed with R software 4.0.0 (http://www.R-
project.org).

RESULTS

Patient Characteristics

Secondary SRNS accounted for 34.3% of idiopathic
SRNS, and the clinical features of the 56 patients with
secondary SRNS are presented in Table 1. Of the 56
patients, 40 (71.4%) were male, with a median (inter-
quartile range) age of 3.9 (2.1 to 5.4) years at diagnosis
of NS and a median (range) disease duration of 7.8 (1.2
to 116.0) months developing into secondary SRNS, and
41 (73.2%) patients converted within the first year.
Twelve (21.4%) cases became secondary SRNS at the
first relapse, and 44 (78.6%) patients relapsed more
than once. Besides these, 11 (19.6%) patients received
IIS before secondary SRNS, 4 of whom received more
than one IIS drug sequentially. All 56 cases underwent
renal biopsies at diagnosis secondary SRNS. The his-
tology results showed MCD in 36 (64.3%) patients,
FSGS in 15 (26.8%) patients, and mesangial hyper-
cellularity in 4 (7.1%) patients. Of the 56 patients, 3
who finally reached ESRD underwent SRNS gene panel
tests and the results were all negative.
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Figure 1. Response to IS treatment protocols in 56 children with secondary SRNS. (a) Response to 75 IIS protocols in the first year after
secondary SRNS onset, 18 (32.1%) patients were treated with two or more protocols. (b) Response to the first [IS protocol after secondary SRNS
onset. CNI, calcineurin inhibitors; CR, complete remission; CsA, cyclosporine A; CTX, cyclophosphamide; IS, intensified immunosuppression;
MMF, mycophenolate mofetil; NR, no remission; PR, partial remission; SRNS, steroid-resistant nephrotic syndrome; TAC, tacrolimus.

IIS Treatment and Response

Fifty-six cases received 81 IIS treatment protocols
during the first year from diagnosis of secondary SRNS.
Thirty-eight patients were treated with one IIS drug,
12 patients were treated with two different IIS drugs,
and six patients were treated with three or more IIS
drugs. All IIS protocols were combined with oral ste-
roids initially. CR and PR were observed in 40 (71.4%)
and 9 (16.1%) patients in the first year, respectively,
and 38.8% (19 of 49) of the patients relapsed within the
first year. Seven (12.5%) patients showed no response
to the IIS in the first year. According to the biopsy
results at diagnosis, the combined CR and PR rates of
patients with MCD, mesangial hypercellularity, and
FSGS in the first year were significantly different
(94.4% vs. 100.0% vs. 66.7%, P = 0.03). Response data
from 75 (92.6%) IIS treatment protocols are shown in
Figure la, and the other 6 were excluded for being
stopped in advance (exposure time less than 6 months)
before CR or PR was observed. The combined CR and
PR rates were 85.2% and 83.3% in patients with
cyclosporine A and tacrolimus, respectively, whereas
42.9% and 25.0% in patients with cyclophosphamide
and mycophenolate mofetil, respectively. Besides, the
median time to achieve CR with CNI was 1.0 (range: 0.6
to 3.8) months. Response data of the first IIS protocols
are presented in Figure 1b. Twelve, 10, and 34 patients
showed NR, PR, and CR when using the first IIS pro-
tocols, respectively.

The Final Follow-Up Status
The mean follow-up time was 7.8 & 3.2 years since NS
onset. At the last visit, one patient died of severe
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infection before reaching ESRD, and 10 reached ESRD.
Four patients received a transplant, and three (75.0%)
recurred post-transplantation. Three patients were in
unremitting status (NR in the last year of follow-up),
two with chronic kidney disease (CKD) stage 3, and
one with CKD stage 2; 29 patients were in intermit-
tently relapsing status, 2 with CKD stage 2 and 27 with
CKD stage 1; of these 32 patients, 15.6% (5 of 32) were
older than 18 years old. The other 13 cases (23.2%) had
withdrawn steroids and IIS, and 8 (61.5%) of them did
not relapse beyond 3 years.

Predictors of ESRD

According to the Kaplan-Meier analysis, the overall 5-
year and 10-year ESRD-free survival rates were 90.9%
(95% confidence interval [CI|: 83.3% to 98.5%) and
85.8% (95% CI: 79.5% to 95.7%), respectively
(Figure 2). The predictors of ESRD in univariate Cox
regression models were FSGS at diagnosis (hazard ratio:
6.96; 95% CI 1.78 to 27.19, P = 0.005) and no response
to IIS in the first year (hazard ratio: 12.41; 95% CI 2.93
to 52.52, P < 0.001), respectively (Table 2). By multi-
variable Cox regression model, only no response to IIS
in the first year (hazard ratio: 6.02; 95% CI: 1.14 to
31.73, P = 0.03) was independently associated with
ESRD development (Table 2).

Repeat Histological Findings

Twenty patients underwent repeated renal biopsies.
Three were at the time of diagnosis of secondary SRNS,
two of them were reclassified from MCD to mesangial
hypercellularity and FSGS, respectively, and one
remained mesangial hypercellularity. The time interval
from the first biopsy was 8.6, 3.3, and 1.4 years,
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Figure 2. Overall end-stage renal disease (ESRD)—free survival in 56
Chinese children with secondary steroid-resistant nephrotic syn-
drome after idiopathic nephrotic syndrome onset. NS, nephrotic
syndrome.

respectively. The other 17 cases underwent repeated
biopsies in the later disease course of secondary SRNS,
either to guide therapeutic decisions or to assess CNI
nephrotoxicity (Table 3). Of these, seven cases were
reclassified from MCD and mesangial hypercellularity to
FSGS, and all of them developed multidrug resistance,
and five of them reached CKD stage 3 or ESRD. Six cases
with MCD did not convert, one of them developed CNI
resistance, and the other five maintained CR at the last
visit. Two patients who achieved CR and PR in the first
year were reclassified from FSGS to MCD and mesangial
hypercellularity, respectively, one with mesangial
hypercellularity was clinically cured, and the other
maintained PR with cyclosporine A. CNI toxicity was
confirmed in one patient (patient no. 7) after using CNI
for 5.3 years. In all patients with repeated biopsy, the
rate of multidrug resistance was significantly higher in
those who transformed to FSGS than in those who
remained MCD or mesangial hypercellularity (87.5% |[7
of 8 patients] vs. 12.5% [1 of 8 patients], P = 0.01).

DISCUSSION

In this largest-sample-ever study of children with
secondary SRNS, we demonstrated that the remission
rate in the first year after secondary SRNS onset and
overall ESRD-free survival rate were favorable, and no
response to IIS in the first year was the independent
predictor for ESRD development. Our data also
revealed the prognosis’ heterogeneity of secondary
SRNS, and changes in histological appearance to FSGS
were associated with multidrug resistance in patients
with repeat biopsy.
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Table 2. Predictors for ESRD in secondary SRNS according to Cox
regression analysis

Univariate Multivariate
analysis analysis
Variable HR (95% CI) P HR (95% CI) P

Age af NS onset (reference: 1.48 (0.30-7.21) 0.63

=5yn
Sex (reference: female)

IIS using before secondary
SRNS onset (reference: no)

Time fo secondary SRNS
(reference: = 1 yr)

Hyperfension (reference: no)

FSGS atf diagnosis
(reference: non-FSGS™)

Response to IIS in the first year
(reference: CR)

NR 12.41 (2.93-62.52) <0.001 6.02 (1.14-31.73) 0.03
PR 2.44 (0.40-14.67) 0.33 2.42 (0.40-14.56) 0.33

1.57 (0.33-7.40)  0.60
275 (0.779.79)  0.12

1.08 (0.28-4.22)  0.91

2.32 (0.65-8.24) 0.20
6.96 (1.78-27.19)  0.005 3.40 (0.70-17.03) 0.14

Cl, confidence interval; CR, complete remission; ESRD, end-stage renal disease; FSGS,
focal segmented glomerulosclerosis; HR, hazard ratio; IIS, intensified immunosuppres-
sion; NR, no remission; NS, nephrotic syndrome; PR, partial remission; SRNS, steroid-
resistant nephrotic syndrome.

#Non-FSGS indicates patients with MCD or mesangial hypercellularity or membranous
nephropathy at diagnosis.

The 5-year and 10-year overall ESRD-free survival
rates of children with secondary SRNS in this study
were 90.9% and 85.8%, respectively. Previous studies
focused on secondary SRNS used a relatively small
sample size and did not provide the long-term renal
survival rate data by survival analysis. We can see the
apparent heterogeneity of renal outcome in the small
sample size studies. Traninin et al.'” observed that 90%
(9 of 10) of patients with secondary SRNS maintained
normal renal function after a median follow-up time of
53 months, and Schwaderer et al."’ reported that all 14
patients held stable kidney function during the median
observation period of 7.8 years. And Straatmann et al."*
described that 3 of 29 patients developed ESRD after a
mean follow-up period of 85 & 47 months. In contrast,
Siegel et al.'” observed that all six patients developed
renal insufficiency without reporting the specific
follow-up period, and Srivastava et al.'® described that
4 of 12 patients developed renal insufficiency during
the follow-up period of 1 to 16 years after secondary
SRNS. Bierzynska et al.” reported that 7 of 25 patients
reached ESRD after a mean time of 4.71 years. We could
not draw a conclusion from these studies. For previous
cohort studies on the overall idiopathic SRNS mainly
including initial SRNS, Niaudet et al.'” reports 65%,
Trautmann et al.'’ reports 74%, and Mekhalli et al.'®
reports 75% overall renal survival rate at 5 years;
these three studies report 50%, 58%, and 58% overall
renal survival at 10 years, respectively. By contrast,
secondary SRNS might be the group of SRNS who had a
favorable renal prognosis.
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Table 3. Clinical and histological characteristics of 17 patients performed repeat biopsies in the later disease course of secondary SRNS

Patient  Age a first biopsy,  First histological ~ Treatment before repeat

Repeat histological

Time from the first Treatment after repeat  Follow-up,

no. yrs diagnosis biopsy diagnosis biopsy, yrs biopsy yrs Outcome
1 6.5 MCD CNI, MMF 2.6 CNI 10.4 CKD2
2 3.8 MCD CNI, CNI+-MMF, RTX FSGS (CELL) 25 Prednisone only 4.3 ESRD
3 4.3 FSGS (NOS) MMF, CNI, MMF+CNI FSGS (NOS) 48 CNI 6.6 ESRD
4 8.2 MCD CTX, CNI 3.3 MMF-+RTX, CNI 6.3 CKD1
5 5.1 MCD CNI, CTX, MMF+CNI, FSGS (CELL) 7.7 RTX 10.1 ESRD
MZR+CNI
6 2.1 MCD CTX, CNI 2.6 MMF 3.6 CKD1
7 6.0 FSGS (NOS) CNI FSGS (NOS) 5.4 MMF 10.4 ESRD
8 7.3 MCD CTX+CNI, CNI, MMF FSGS (NOS) 46 CNI 5.8 CKD1
9 5.3 FSGS (NOS) CNI 2.8 CNI 8.4 Clinical
cure
10 25 MCD CNI 2.8 CNI 6.7 CKD1
1 11.0 MCD CNI FSGS (NOS) 0.9 CNI+MMF 26 ESRD
12 5.2 FSGS (CELL) CTX, CNI, CNI+-MMF 7.3 CNI4+-MMF, CNI 12.0 CKD1
13 22 MCD CNI, CNI+-MMF FSGS (NOS) 5.3 RTX, CNI 8.4 CKD1
14 2.0 MH MMF, CNI FSGS (NOS) 2.3 CTX+CNI, CNI 13.3 CKD3
15 2.3 MCD CNI, CTX, MMF FSGS (NOS) B15) MMF+RTX, CNI, ACTH 6.0 CKD3
16 4.4 MCD CNI 5.8 MMF-+RTX 9.5 CKD1
17 6.0 MCD CTX, CNI 2.6 CNI 45 CKD1

ACTH, adrenocorticotropic hormone; CELL, cellular; CKD, chronic kidney disease; CNI, calcineurin inhibitors; CTX, cyclophosphamide; ESRD, end-stage renal disease; FSGS, focal
segmental glomerulosclerosis; MCD, minimal change disease; MH, mesangial hypercellularity; MMF, mycophenolate mofetil; NOS, not otherwise specified; MZR, mizoribine; RTX,

rituximab; SRNS, steroid-resistant nephrotic syndrome.

Based on previous studies and our findings, we can
infer the heterogeneity in the prognosis of secondary
SRNS. However, studies focused on the prognostic
factors of long outcomes of secondary SRNS are lack-
ing. Straatmann et al.'” observed that the longer time to
secondary steroid resistance tended to result in poor
renal outcomes (P = 0.07), yet we did not see the trend
in our patients (P = 0.91). In this study, no response to
IIS in the first year was the only independent predictor
for ESRD. In an international multicenter study about
idiopathic SRNS, no response to IIS in the first year is
also identified as one of the independent risk factors of
ESRD."

The CR and PR rates in the first year were 71.4%
and 16.1%, respectively. In the early single-center
studies, the remission rate was 88% to 100% with
cyclophosphamide or/and CNI.'*'*'® Recently, the
results of two multicenter studies involving secondary
SRNS are not that much better, reporting the remission
rate of 65% to 69%.%'* In comparison, our data seem
favorable. The differences in results among studies
might be due to race, sample size, or choice of response
criteria. CNI was the most effective IIS, and myco-
phenolate mofetil was the least effective. Likewise,
Sinha et al.'” observed that mycophenolate mofetil was
less effective in secondary SRNS than initial SRNS.
Aside from this, the time to achieve CR with CNI was
favorable in this study, indicating CNI for first-line
treatment for secondary SRNS.

MCD was the predominant histology type in our
study; this was in agreement with previous
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studies.”'*'*?*?" On the other hand, for patients with

initial SRNS, FSGS is the primary histology type.”'"*
Our study showed that MCD at diagnosis was associ-
ated with significantly better treatment response than
FSGS, which was consistent with the previous two
studies in secondary SRNS,'*'°
studies in initial SRNS or overall idiopathic SRNS.
We could infer that secondary SRNS is a unique part of
idiopathic SRNS.

The change of pathology from MCD or mesangial
hypercellularity to FSGS when secondary SRNS onset
was observed in this study and previous studies.” To
our knowledge, this is the first report of a patient with
MCD who developed mesangial hypercellularity at the
onset of secondary SRNS. This case supports the theory
that increased mesangial cellularity is associated with
reduced steroid responsiveness and that mesangial
hypercellularity and MCD constitute the same spec-
trum of glomerular injury.”” In addition, repeated bi-
opsies have shown for the first time the transitions
from MCD and mesangial hypercellularity to FSGS
before or after the appearance of multidrug resistance.
These results reinforce the hypothesis that idiopathic
FSGS represents an advanced disease progression stage
that is less likely to respond to treatment than the
earlier disease stage defined as MCD.”® Investigators
suggest that a common etiology of MCD and FSGS ex-
ists.”” Moreover, the reclassification from FSGS to MCD
and mesangial hypercellularity was also observed in
two cases with favorable prognoses, which hint that
the process of scarring may be controlled with

but not consistent with
8,23,24
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treatment. Similarly, Watanabe et al.”’ found the
reassignment from FSGS to MCD in one-third of the
children (3 of 9 patients) with initial SRNS which they
suspected of having an immune-mediated etiology. In
short, we observed the transformation among MCD,
mesangial hypercellularity, and FSGS in the disease
course in some patients, which had been seldom re-
ported. Indeed, a common etiology might exist that
deserves exploration. Importantly, changes in histo-
logical appearance to FSGS were associated with
multidrug resistance, and 62.5% (5 of 8 patients)
reached ESRD or CKD stage 3, which suggested that the
severity of FSGS that evolved from MCD or mesangial
hypercellularity after treatment may be not less than
the original FSGS found at initial SRNS onset."’

This study has several limitations. First, it is a
single-center study; therefore, the representation of the
broader population may be limited. Second, because
our study is retrospective, it is inevitable that data may
be missing and there is possibility for information bias.
Third, some cases of FSGS might be missed due to renal
biopsy sampling error.

In conclusion, secondary SRNS was found to be a
unique part of idiopathic SRNS in children; it had
relatively favorable remission rates and long-term
ESRD-free survival rates. The prognosis was het-
erogeneous, and no response to IIS in the first year
was found to be the independent predictor for
ESRD. MCD was the primary histology type at
diagnosis and was associated with a higher remis-
sion rate. Repeat biopsies revealed the trans-
formation among MCD, mesangial hypercellularity,
and FSGS, especially regarding changes in histo-
logical appearance to FSGS that were associated
with multidrug resistance.
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