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KEY LEARNING POINTS

What is already known about this subject?
• Regardless of the aetiology of focal segmental glomerulosclerosis, complete and partial remissions in proteinuria remain
the best surrogates of an improved long-term renal outcome.

• Although relapses and remissions occur, the burden of relapses on outcome remains undefined.
What this study adds?
• In a retrospective analysis of 203 individuals with at least one remission, we found that relapses were frequent and as severe
as seen in the initial nephrotic period.

• Nevertheless, provided it was followed by a remission, it did not carry a worse renal prognosis than in those who never
relapsed.

• However, the cumulative state of unresponsive relapse was associated with an adverse renal outcome.
What impact this may have on practice or policy?
• These results support the importance of long-term maintenance of remissions.
• Treatment strategies targeting prolonging remission durations have not been addressed and should be an essential question
in future trials.

ABSTRACT

Background. Although the clinical benefit of obtaining a
remission in proteinuria in nephrotic patients with focal
segmental glomerulosclerosis (FSGS) is recognized, the long-
term value of maintaining it and the impact of relapses on
outcome are not well described.
Methods. We examined the impact of remissions and relapses
on either a 50% decline in kidney function or end-stage
kidney disease (combined event) using time-dependent and
landmark analyses in a retrospective study of all patients from
the Toronto Glomerulonephritis Registry with biopsy-proven
FSGS, established nephrotic-range proteinuria and at least one
remission.
Results. In the 203 FSGS individuals with a remission, 89
never relapsed and 114 experienced at least one relapse. The
first recurrence was often followed by a repeating pattern of
remission and relapse. The 10-year survival from a combined
event was 15% higher in those with no relapse versus those
with any relapse. This smaller than anticipated difference was
related to the favourable outcome in individuals whose relapses
quickly remitted. Relapsers who ultimately ended in remission
(n = 46) versus in relapse (n = 68) experienced a 91% and
32% 7-year event survival (P < .001), respectively. Using
time-varying survival analyses that considered all periods of
remission and relapse in every patient and adjusting for each
period’s initial estimated glomerular filtration rate, the state of
relapse was associated with a 2.17 (95% confidence interval
1.32–3.58; P = .002) greater risk of experiencing a combined
event even in this FSGS remission cohort.
Conclusion. In FSGS, unless remissions are maintained
and relapses avoided, long-term renal survival remains poor.
Treatment strategies addressing remission duration remain
poorly defined and should be an essential question in future
trials.

Keywords: FSGS, landmark analyses, remission, relapse, time-
dependent survival analyses

INTRODUCTION
Focal segmental glomerulosclerosis (FSGS) is the leading
glomerular histology of end-stage kidney disease (ESKD)
in the USA, with evidence that the incidence is continuing
to increase [1, 2]. Significant gains in understanding the
pathogenesis have been made in recent years, with many
clinical, genetic and histological descriptions. However, their
association with clinical outcomes remains unclear, reflecting
the heterogeneous nature of the disease [3–6]. The current
classification system of FSGS lesions proposes separation
into primary (autoimmune), secondary (maladaptive, toxic
or viral), genetic and of undetermined cause [7]. There is
currently no gold standard for primary FSGS, as clinical and
pathology characteristics for each form overlap. Primary FSGS
is an exclusion diagnosis suggested when abrupt nephrotic-
range proteinuria exists and secondary causes have been
eliminated [7, 8]. Although diffuse foot process effacement
appears to be highly specific for the autoimmune form, this
feature has been identified mostly in subjects with overt
nephrotic syndrome and it is uncertain how sensitive this
finding is in primary FSGS with moderate proteinuria [9].
Similarly, >50 gene variants have been associated with the
FSGS lesion, but the presence of somewithweaker associations
with the pathogenesis of the disease does not always preclude
the possibility of a response to immunosuppression [5]. Finally,
whether ‘FSGS of undetermined cause’ can represent a less
severe form of autoimmune FSGS has never been formally
studied.

Complete and partial remission (CR and PR, respectively)
of proteinuria remain the best surrogates of an improved-
long term renal outcome [10, 11]. However, the impact of
subsequent relapses and remissions following an initial PR or
CRon renal survival is uncertain. This clinical phenotype is not
well recognized nor reported in the literature. Recent studies
have shown the advantages of remission duration on long-term
kidney survival in immunoglobulin A (IgA) and membranous
nephropathy [12, 13]. Our question was whether the remission
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duration had a similar impact on long-term kidney outcome in
a cohort of patients with presumed primary FSGS as defined by
individuals who have been nephrotic, lack evident secondary
causes and have achieved a remission in proteinuria.

MATERIALS AND METHODS
Setting and population
This is a cohort study using data from the Toronto

Glomerulonephritis Registry [14]. We reviewed all cases
and only patients with defined pathologic findings sugges-
tive of primary FSGS were considered as reported by a
nephropathologist specializing in glomerulonephritis. Since
its inception, when the Toronto Glomerulonephritis Registry
receives a renal biopsy pathology report, a secondary review is
performed prior to classification to ensure that the description
is compatible with immunologically mediated FSGS. For this
study, a tertiary review of all biopsy descriptions was done,
according to current standards. The histologic requirements
included focal and segmental consolidation of the tuft by
increased extracellular matrix obliterating the capillary lumen,
hyalinosis with or without glomerular adhesions with either
negative immunofluorescence or only segmental IgM and/or
complement 3. In addition, electronmicroscopy (EM) findings
had to be consistent with FSGS, with EM showing diffuse
foot process effacement (FPE, >75%) when the biopsy was
performed during a nephrotic period with hypoalbuminemia
and prior to any treatment [6]. However, this was not a
criterion when the biopsy was done with lower levels of
proteinuria, albumin >35 g/l or during immunosuppressive
therapy. As well, we reviewed all medical charts, including
demographics, laboratory tests and radiologic evaluations,
to rule out other potential secondary cases, including other
types of glomerulonephritis, malignant hypertension, reflux
nephropathy, single kidney and kidney biopsies from trans-
planted patients. Finally, in addition to these histologically
defined FSGS patients, only those >16 years of age at
presentation, with at least 12 months of observation and who
had documented nephrotic-range proteinuria of >3.5 g/day
and who had experienced a remission in proteinuria were
included in the study. We could not verify confidently the
presence of oedema from retrospective charts. We did not
include an albuminemia threshold for presumed primary
FSGS, as some patients withmultiple remissions had nephrotic
periods associated with marked hypoalbuminemia prior to a
remission and at other times did not have this pattern. The
ethics committee approved this retrospective study. This study
was carried out in accordance with theDeclaration of Helsinki.

Exposures
The estimated glomerular filtration rate (eGFR) was de-

termined using the Chronic Kidney Disease Epidemiology
Collaboration formula [15]. The exposure was defined as the
presence of either partial or complete remission of proteinuria
following a period of nephrotic-range proteinuria [10]. PR
was defined as a reduction in baseline proteinuria of 50%
and achieving a value of <3.5 g/day and CR was defined

as a proteinuria ≤0.3 g/day. Remissions were not ascribed if
the eGFR was ≤15 ml/min at the corresponding proteinuria
time point. A relapse was a sustained proteinuria increase to
≥3.5 g/day.

Outcome
The outcome of interest was a combined outcome of

survival from a 50% decline in initial kidney function or ESKD
defined by the onset of dialysis or kidney transplant or by a
persistent eGFR ≤15 ml/min/1.73 m2.

Covariates
Demographic variables included sex, race (database data),

age and body mass index (BMI) at the first clinical assessment
suggestive of renal disease. Clinical and laboratory parameters
collected included both initial and follow-up information
on systolic and diastolic blood pressure (BP), weight, serum
creatinine and 24-h urine proteinuria and creatinine. Serum
albumin measurements throughout the observation period
in Ontario, Canada used the bromocresol green method,
where levels ≤35 g/l defined hypoalbuminemia [16]. Also
recorded was exposure to immunosuppressive agents and
antihypertensive medications, including renin–angiotensin
system (RAS) blockade with angiotensin-converting enzyme
inhibitor and angiotensin receptor blocker classes of drug.

Statistical analyses
Normally distributed variables were assessed with his-

tograms and q-q plots. Continuous variables were presented
as mean ± standard deviation (SD) and compared using t-
tests and one-way analysis of variance. Variables not meeting
the normality criterion were summarized as median and
interquartile range (IQR) and inferences were made using
Mann–Whitney and Kruskal–Wallis tests as appropriate. Cate-
gorical variables were reported as percentages and significance
was assessed using the Pearson chi-squared test.

We studied the value of maintaining a remission using
Kaplan–Meier curves and Cox regression including time-
dependent covariates. We initially compared, in the entire
remission cohort, the outcome in patients who never relapsed
with those who did relapse using the time of the first remission
as the starting point and a time-dependent expression of the
first relapse.

Recognizing that patients with at least one relapse could ex-
perience subsequent remissions and relapses, each of variable
duration, we performed additional analyses. To better assess
the benefit of maintaining remissions during the follow-up, we
examined the survival of individuals at the specific landmark
times of 6, 12 and 24 months following their first remission to
see how their condition (i.e. in remission or relapse) at these
times was associated with kidney outcome. We also compared
the survival from a combined event starting from the last
recorded remission in three groups: those who relapsed but
ended in remission, those who relapsed and ended in relapse
and those who never relapsed (where the last remission is also
the first). This allowed us to capture all patient outcomesmany
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Table 1: FSGS remission cohort characteristics.

Characteristics at the time of the first
available clinical assessmenta (n = 203) Values Characteristics at follow-up Values

Sex (female), % 37 Follow-up (months), median (IQR) 71 (39–110)
Race, % (AA, Asian, Cauc, other), % 11, 10, 62, 17 BP (mmHg), mean ± SD 131/81 ± 14/7
Age, (years), mean ± SD 41 ± 16 MAP (mmHg), mean ± SD 97 ± 8
eGFR, (ml/min/1.73 m2), mean ± SD 69 ± 29 Number of BP medications, median (IQR) 1.2 (0.7–2.0)
BMI, median (IQR) 27 (23–32) Use of RASB, % 72
Proteinuria (g/day), median (IQR) 5.8 (3.6–10.0) Only PR/at least one CR, n/n 139/64
Serum albumin, (g/l)L, mean ± SD 29 ± 10 Time-averaged proteinuriab (g/day), median (IQR) 3.5 (2.2–4.9)
Hypoalbuminemia, % 71 Immunosuppressive treatment, % 81
Systolic BP, (mmHg), mean ± SD 141 ± 25 Patients with 1, 2 and 3 remissions, n 203, 68, 24
Diastolic BP, (mmHg), mean ± SD 86 ± 13 Time to first remission (months), median (IQR) 9 (4–20)
MAP, (mmHg), mean ± SD 104 ± 15 Patients with 0, 1 and 2 relapses, n 89, 114, 42
Number of BP medications, median (IQR) 0 (0–1) Time remission to first relapse (months), median (IQR) 8 (4–23)
Use of RAS blocker, % 26 Combined events, n (%) 65 (32)

ESKD, n (%) 31 (15)

AA, African American; Cauc, Caucasian.
aThe first available clinical assessment in not necessarily the time of the most severe nephrotic syndrome.
bFor each patient, an average proteinuria was determined for each 6-month period of follow-up. Time-averaged proteinuria represents the average of every period’s mean from the first
assessment to last follow-up.

years beyond the landmark times, particularly in those who
relapsed and never remitted. Finally, to address simultaneously
all states within a patient trajectory, we delineated the periods
in remission and in relapse.We then performed a time-varying
survival analysis by patient assessing for the entire follow-up
the hazard ratio (HR) of experiencing an event in the state of
relapse compared with the state of remission.

For each analysis we had to revise the definition of a
combined event since the first eGFR and the subsequent 50%
decline threshold changed according to the starting time of
interest. We also adjusted all HRs by the starting eGFR and,
if applicable, the eGFR at a time-dependent expression of an
event. In particular, the time-varying survival analysis was
adjusted by the starting eGFR with each change in status.

Two-tailed P-values <.05 were considered statistically
significant and 95% confidence intervals (CIs) are reported.
Analyses were performed using SPSS version 26 (IBM,
Armonk, NY, USA).

RESULTS
Cohort characteristics
There were 1005 patients with a histologic pattern of FSGS

as documented by academic nephropathologists in the Toronto
Glomerulonephritis Registry from its creation until January
2019: 421 had <12 months follow-up; 96 were <16 years of
age; 12, after tertiary review, were adjudicated as a potential
secondary form of FSGS; and 41 had missing information. In
the remaining 435 patients, 104 were never nephrotic and 128
never had a remission, leaving 203 patients as the remission
cohort. These patients were followed for a mean of 71 months
(range 39–110). The number of available measurements per
individual for eGFR, proteinuria, serum albumin and BP
were 15 (range 9–22), 11 (7–29), 10 (5–15) and 13 (7–18),
respectively. The year of diagnosis included 69 cases before
1990, 78 from 1990–2000 and 56 after 2000.

Women accounted for a little more than a third of the
remission cohort. Patients presented clinically with an eGFR

of 69 ± 29 ml/min/1.73 m2, proteinuria of 5.8 g/day (IQR
3.6–10.0) and serum albumin of 29 ± 10 g/l (Table 1),
including 71% with hypoalbuminemia. We assessed renal
biopsy findings relative to their clinical findings during the
period prior to remission: 100 subjects had a renal biopsy
done during nephrotic proteinuria with hypoalbuminemia and
their pathology findings showed diffuse FPE. However, 85
had their biopsy performed without nephrotic proteinuria or
hypoalbuminemia and 18 had their biopsy done >3 months
prior to the first clinical assessment available to the Toronto
Glomerulonephritis Registry. While all of these had optical
microscopy consistent with primary FSGS, not all available
EM photographs showed diffuse FPE. Nevertheless, all of
these 85 patients subsequently developed nephrotic-range
proteinuria, all had a remission and 43/85 eventually developed
hypoalbuminemia.

Throughout the follow-up, 81% received immunosuppres-
sion, often in combination with other immunosuppressive
agents. Patient exposure to immunosuppression included
steroid monotherapy (46%), cyclophosphamide (13%), ritux-
imab (0.5%), mycophenolate mofetil (MMF) or azathioprine
(3%) and calcineurin inhibitors (CNIs; 19%). In addition,
72% received RAS blockers. The time-averaged BP was
131/81 ± 14/7 mmHg and time-averaged proteinuria was
3.5 g/day (IQR 2.5–4.9) with 1.2 antihypertensives (IQR 0.7–
2.0).

Renal outcomes
Sixty-five patients experienced a combined event with a

10-year survival of 49% and 31 progressed to ESKD with
a 10-year survival of 73% (Supplementary Fig. 1). Of the
138 patients who did not experience an event, 12 were still
followed; 126 were considered lost to follow-up, as most
were returned to their referring nephrologist or primary care
physician after a median of 66 months (IQR 39–110). In
these, only eight patients had their last available eGFR as
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Figure 1: First, second, third and subsequent remissions and relapses.
Flow diagram of remissions and relapses of the 203 individuals who
obtained a remission in proteinuria and their status changes over
time.

<30 ml/min/1.73 m2 (and only one <20 ml/min/1.73 m2).
There were no patients lost to follow-up because of death.

Remissions and relapses
Over the follow-up time, 32% of patients had at least oneCR

while 68% had only PR. The flow in the number of remissions
and relapses within this cohort is illustrated in Fig. 1. Prior to
the first remission, 21% received no immunosuppression, 55%
received steroids only and 2% received MMF or azathioprine,
7% received cyclophosphamide and 15% received CNI, with
or without concomitant steroids. In those receiving steroid
monotherapy (n = 111), the time from the start of immuno-
suppression to first remission was 3 months (IQR 1–6). In
these, 44/111 had a first remission >4 months from the start
of steroids. At the time of remission, 27 were still on steroids
and 17 had already stopped.

Of the 203 patients included in the study, 68 (33%) and
23 (11%) had a second and third remission following relapse.
The peak proteinuria prior to the first, second and third
remissions and the subsequent reduction of proteinuria from
maximal (peak) to nadir measurements were comparable
(Fig. 2). Other clinical characteristics of first, second and
third remissions were also similar except for a greater use
of RAS blockers while nephrotic and a more rapid time to
both the start of immunosuppression and the time to obtain
a PR with subsequent events. However, the time from start of
immunosuppression to PR was similar between first, second
and third remissions (Table 2).

There were 54 patients (27%) who maintained serum
albumins >35 g/l despite nephrotic-range proteinuria. Of

these, 52% never relapsed, 33% relapsed once and 15% relapse
twice or more, a similar percentage as seen in those with
hypoalbuminemia (41%, 35% and 24%; P =.30). In those
with two or more remissions with detailed measurements
of albumin, the level of albuminemia changed significantly
within patients from least to most severe nephrotic event
(Supplementary Fig. 2).

There where 38 patients (19%) who experienced
remission(s) in proteinuria without the use of
immunosuppression. At the onset of their first nephrotic
period, these had a similar BMI, eGFR and mean arterial
pressure (MAP) but lower levels of proteinuria, higher serum
albumin and took longer to reach remission (Table 3) than
the treated patients. They also experienced fewer complete
remissions and tended to lose more eGFR while nephrotic
than those treated with immunosuppression. However, they
were just as likely to relapse as individuals who had received
immunosuppression.

There were 14 patients who experiencedmultiple remission
events that occurred sometimes with and sometimes without
immunosuppression. In paired analyses, the proteinuria de-
creased from 6.6 g/day (IQR 4.7–10.9) to 1.4 (0.5–3.0) with
a minimal albumin of 32 g/l (IQR 21–36) in treated events,
similar to 6.2 g/day (IQR 4.8–8.4) to 1.8 (0.7–2.8) with a
minimal albumin of 35 g/l (IQR 27–39) in untreated events.

Characteristics and outcomes of patients
who never relapse
Within the full remission cohort, therewere 89 patients who

never relapsed and 114 who had at least one relapse (Table 4).
There was no identifying difference between the groups in
their nephrotic period regarding the severity of the nephrotic
syndrome or the time necessary to reach a PR. However, there
were distinct differences in their first remission characteristics
in terms of the percent of CR, nadir of proteinuria and peak
albumin compared with those who never relapsed. Individuals
who never relapsed reached a nadir proteinuria of 0.5 g/day
(IQR 0.2–1.0) andmaximal albumin of 43± 4 g/l, significantly
better compared with those who relapsed following their first
remission, whose nadir proteinuria was 1.6 g/day (IQR 0.7–
2.5) and maximal albumin was 39 ± 5 g/l.

The adjusted time-dependent Cox regression showed a
greater survival from a combined event in the groupwho never
relapsed compared with those who experienced at least one re-
currence (P= .001), but only by an actuarial 15% at the 10-year
time point following the first remission (Supplementary Fig. 3).
However, the relapse group was heterogeneous, with variable
numbers of remissions and relapses. Ultimately within this
group of 114 individuals who had an initial relapse, 46 ended
their follow-up in remission and 68 in relapse (Fig. 1).

Risk of a combined event with relapses using landmark
and time-varying survival analyses
To help clarify the quantitative value of remission, we

determined the status of patients at 6, 12 and 24 months
following the start time of their first remission and assessed the
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Figure 2:Maximal proteinuria and its reduction during the first, second and third remission events. (A)Maximal proteinuria while nephrotic.
(B)Maximal reduction in proteinuria with a remission (defined by the maximal proteinuria before remission minus the lowest value obtained
after). These findings illustrate the magnitude of fluctuations in FSGS with (A) relapses and (B) remissions is similar, although the numbers
(y-axis) are smaller with each event. Blue: first remission; red: second remission; green: third remission.

Table 2: Comparisons of parameters of individuals at the time of first, second and third remissions.

Characteristics
First remission

(n = 203)
Second remission

(n = 68)
Third remission

(n = 24) P-value

Nephrotic period prior to the remission
Initial age (years), mean ± SD 42 ± 16 44 ± 14 48 ± 15 .77
Initial eGFR (ml/min/1.73 m2), mean ± SD 69 ± 30 72 ± 30 68 ± 30 .23
Maximal proteinuria (g/day), median (IQR) 7.0 (5.0–11.2) 6.9 (5.0–9.7) 6.5 (5.2–8.1) .73
Nadir albumin (g/l), mean ± SD 28 ± 9 30 ± 8 29 ± 9 .60
Initial MAP (mmHg), mean ± SD 104 ± 15 97 ± 11 105 ± 14 .002
Initial number of BP medications, median (IQR) 1 (0–2) 1 (0–2) 1 (1–2) .09
Use of RAS blocker, % 32 48 57 .01
Immunosuppressive treatment, % 79 75 79 .75
Time to PR (months), median (IQR) 9 (4–20) 6 (4–19) 4 (2–8) .006a
Time to start immunosuppression (months), median (IQR) 1 (0–5) 0 (0–1) 0 (0–1) .001
Time from start of immunosuppression to PR (months), median (IQR) 4 (2–11) 4 (3–11) 3 (2–8) .44

Remission period
Complete remission, % 27 29 42 .33
eGFR at start of remission (ml/min/1.73 m2), mean ± SD 65 ± 31 66 ± 33 64 ± 30 .99
Nadir proteinuria (g/day), median (IQR) 1.0 (0.3–1.9) 1.3 (0.3–2.1) 0.8 (0.2–1.5) .34
MAP at start of remission (mmHg), mean ± SD 96 ± 11 94 ± 12 100 ± 15 .13
Number of BP meds at start of remission, median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) .67
Use of RAS blocker at start of remission, % 56 66 71 .15

Relapse, % 56 62 46 .39a

aP-value obtained by logrank test.

risk of a combined event after these landmarks (Fig. 3). The
patient’s status at the time points of 1 and 2 years (remission
or relapse at that point) were more predictive of outcomes
compared with the outcome based on the status at 6 months.
The HR, adjusted for the eGFR specific for the start of each
landmark, was not different at 6 months [HR 1.18 (95% CI
0.84–1.65), P = .34], but they were significantly different at
12 months [HR 1.56 (95% CI 1.12–2.18), P = .008] and
24 months [HR 1.71 (95% CI 1.20–2.45), P = .003]. This
translated into a significant 23% and 25% greater survival from
a combined event at 7 years following these landmarks times.

We also addressed the survival from a combined event
starting from the time of the last recorded remission in each

of the 203 patients. We compared the survival in those who
never relapsed (n = 89), those who relapsed but ultimately
ended in remission (n= 46) and those who ended their follow-
up in relapse (n = 68) using a time-dependent expression of a
relapse. In all, starting from the last remission event, those who
ended in relapse had a 32% 7-year survival from a combined
event compared to an average 86% survival in the other two
groups (P < .001; Fig. 4).

Given the number of remissions and relapses within each
patient, we also performed a time-varying analysis to address
all states during follow-up. We carefully delineated for each
individual the time in each remission and in each relapse
and we noted for each period the starting eGFR. We found
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Table 3: Comparison of remitting patients with and without immunosuppression.

Characteristics
With immunosuppression

(n = 165)
Without immunosuppression

(n = 38) P-value

Presenting nephrotic event
Initial age (years), mean ± SD 41 ± 15 45 ± 17 .19
Initial BMI, median (IQR) 26 (23–30) 28 (25–33) .19
eGFR (ml/min/1.73 m2), mean ± SD 69 ± 29 70 ± 27 .86
Maximal proteinuria (g/day), median (IQR) 8.0 (5.4–12.0) 5.0 (4.0–6.8) <.001
Nadir albumin (g/l), mean ± SD 27 ± 9 36 ± 6 <.001
Initial MAP (mmHg), mean ± SD 104 ± 15 103 ± 11 .73
Initial number of BP medications, median (IQR) 1 (0–2) 1 (1–2) .93
Use of RAS blocker, % 32 32 .98
Time to partial remission (months), median (IQR) 7.3 (3.8–17.3) 14.0 (8.0–26.4) .007

First remission
Complete remission, % 31 11 .01
eGFR at start of remission (ml/min/1.73 m2), mean ± SD 66 ± 31 60 ± 28 .31
Decrease in eGFR from presentation (ml/min/1.73 m2), mean ± SD 3 ± 26 9 ± 17 .06
Nadir proteinuria (g/day), median (IQR) 0.9 (0.3–1.9) 1.3 (0.6–1.9) .08
Maximal albumin (g/l), mean ± SD 40 ± 5 42 ± 5 .22
MAP at start of remission (mmHg), mean ± SD 96 ± 11 98 ± 10 .24
Number of BP medications at start of remission, median (IQR) 1 (1–2) 2 (0–2) .79
Use of RAS blocker at start of remission, % 56 53 .68

Total number of remissions (1, 2, ≥3), % 66, 21, 13 68, 26, 6 .33
Total relapses (0, 1, ≥2%), n 42, 37, 21 53, 29, 18 .47

Table 4: Comparison of patients that never versus ever relapsed.

Characteristics Never relapse (n = 89) Relapse (n = 114) P-value

Presenting nephrotic event
Initial age (years), mean ± SD 43 ± 17 41 ± 15 .48
Initial BMI, median (IQR) 27 (24–32) 27 (23–32) .76
eGFR (ml/min/1.73 m2), mean ± SD 67 ± 30 70 ± 28 .38
Maximal proteinuria (g/day), median (IQR) 6.9 (4.7–10.1) 7.1 (5.1–11.6) .16
Nadir albumin (g/l), mean ± SD 29 ± 10 28 ± 9 .38
Initial MAP (mmHg), mean ± SD 106 ± 16 103 ± 14 .16
Initial number of BP medications, median (IQR) 1 (0–2) 1 (0–2) .24
Use of RAS blocker, % 35 30 .45
Immunosuppressive treatment, % 78 81 .58
Time to partial remission (months), median (IQR) 10 (4–19) 8 (4–20) .74

First remission period
Complete remission, % 40 17 <.001
eGFR at start of remission (ml/min/1.73 m2), mean ± SD 63 ± 31 66 ± 30 .50
Nadir proteinuria (g/day), median (IQR) 0.5 (0.2–1.0) 1.6 (0.7–2.5) <.001
Maximal albumin (g/l), mean ± SD 43 ± 4 39 ± 5 <.001
MAP at start of remission (mmHg), mean ± SD 95 ± 10 97 ± 12 .19
Number of BP medications at start of remission, median (IQR) 1 (1–2) 1 (0–2) .83
Use of RAS blocker at start of remission, % 57 54 .68

a 2.17 (95% CI 1.32–3.58; P = .002; adjusted for eGFR)
greater risk of experiencing a combined event over time
while in relapse in reference to being in remission. A graphic
outline of remissions and relapses over time within a sample
of the patients is illustrated in Supplementary Fig. 4. When
calculating the proportion of time in remission and in relapse
for each individual, those who experienced a combined event
spent a median 45% of their time in remission as opposed
to 66% in those who did not experience a combined event
(P = .002).

DISCUSSION
This study addressed the value of obtaining a remission in
FSGS, but of equal importance, its maintenance. It demon-

strates the clinical relevance of both the frequency and the
magnitude of the remission and relapse pattern that can occur
in FSGS patients and their impact on kidney survival. This
pattern is distinct from other primary glomerular disease
such as IgA and membranous nephropathy [2, 12, 13, 17].
Each relapse in proteinuria in FSGS was as severe as that
seen in the initial nephrotic period and each subsequent
remission was quantitatively the same as the first one. This
finding translated into the observation that each relapse,
provided it was followed promptly by a remission of equal
magnitude, did not carry a worse kidney prognosis than
those who never relapsed, in marked contrast to those who
did not remit and ended in relapse. Finally, by compar-
ing nephrotic periods within the same patient, some of
them presented with and some without hypoalbuminemia,
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Figure 3: Survival from a combined event following the remission status at different landmarks following first remission. The P-values were
obtained with Cox regression adjusted for the initial eGFR. The patient’s status at the time points of 1 and 2 years (remission or relapse at that
point) were more predictive of outcomes compared with the outcome based on the status at 6 months.

Figure 4: Survival from a combined event following the last remission
obtained. The P-value was obtained with Cox regression using a
time-dependent expression of the last relapse adjusted for the eGFR.

supporting that primary FSGS can be seen with normal
albuminemia.

This relapsing and remitting clinical phenotype for adult-
onset FSGS is not well documented in the literature. In
earlier studies, relapses were mainly described in the setting of
steroid responsive, frequent relapsing and steroid dependent,
mostly in the paediatric population presumed to haveminimal
change disease and treated expectantly [18, 19]. However, with
subsequent relapses or treatment resistance, kidney biopsies
were often performed and commonly focal and segmental
sclerosis lesions were found. A similar pattern has been
described in adults [20, 21]. In contrast to the close relationship
between the duration of first remission and long-termoutcome
in other primary glomerulonephritis, the relapsing/remitting
pattern in FSGS is more compatible with the one seen with
themore severe and systemic types of glomerular disease, such
as anti-neutrophil cytoplasmic antibody vasculitis and lupus
nephritis.

The findings of our study are limited by the nature of ret-
rospective observational studies. Differences in management,
including newer therapies, have been introduced during the

time span of the study from 1975 to 2019. Although this
has led to some improvement in the long-term outcome of
patients with FSGS, it remains poor [2, 17]. This was seen even
in our remission cohort, when subsequent relapses were not
followed by a remission. Also, selection bias may be present,
as it is more likely that refractory disease will be referred to
our unit that specifically focuses on glomerulonephritis. This
is less likely since our registry has always catered to patients
at all stages of the disease. This is supported by the many
patients who had <12 months of follow-up and were returned
to their referring physician for monitoring. Only one patient
was lost to follow-up with an eGFR <20 ml/min/1.73 m2

and there were no competing events such as death. Also, the
definitions of complete and partial remission may change in
the future, but we did apply the practice definitions as per
the most recent Kidney Disease: Improving Global Outcomes
guidelines [11], which are the current standard of care. While
it is possible that the best definition of a partial remission is
different, our classification at last follow-up clearly illustrates
the advantage of attaining and maintaining partial remission
using this definition.

The roles of hypoalbuminemia, diffuse foot process ef-
facement and spontaneous remission in primary FSGS need
further comments. Regarding the value of hypoalbuminemia,
we found that some patients presented with levels that would
place individuals in the ‘FSGSof undetermined cause’ category,
where autoimmunity is uncertain. Interestingly, however, in
the situation where patients with multiple nephrotic events
and remissions can serve as their own controls, we observed
that some primary autoimmune FSGS (defined classically by
abrupt onset of overt nephrotic syndrome with a remission to
immunosuppression) can relapsewith a less severe picture, and
vice versa. This would support that primary FSGS can present
with nephrotic-range proteinuria without hypoalbuminemia
and still be autoimmune in origin.

It is unknown if primary FSGS without overt nephrotic
syndrome still displays diffuse foot process effacement, as this
specific lesion was studied when proteinuria was very high
[9]. This finding may be insufficiently sensitive to apply to
less severe forms of primary FSGS, and multiple studies have
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found exceptions to this rule [22]. Therefore, in our inclusion
criteria, diffuse foot process effacement was a requirement only
when the biopsy was performed prior to immunosuppression
exposure and while experiencing features of overt nephrotic
syndrome. Many did not have the full nephrotic syndrome
at the time of biopsy, but most developed these features later
(or earlier) in their course. This underlines the difficulties in
studying the value of FSGS lesions when a mild presentation
warrants a renal biopsy but the subsequent clinical picture
worsens.

Interestingly, some patients treated with steroids at first
intention required >4 months to respond. Recent findings
illustrate that this is not rare [23]. Others do not remit a second
time, making it difficult to classify patients. Finally, there were
a few patients with remissions obtained without immunosup-
pression. While this is atypical for primary FSGS and supports
a secondary cause, this observation has been described in two
randomized controlled trials in FSGS resistant to corticos-
teroids where some subjects assigned to the placebo control
group experienced a partial remission [24, 25]. Another
observational cohort study described 28 FSGS patients with
recent-onset nephrotic syndrome, absence of family history
or evident secondary causes, of which 20 were untreated
and 14 had a spontaneous remission [26]. Our patients who
experienced a remission without immunosuppression were
much less nephrotic but experienced a similar rate of relapse,
which would be unexpected with secondary causes. Their BMI
was also similar to that of treated subjects. Finally, there were
a few patients who experienced both immunosuppression-
induced and spontaneous remissions, further supporting that
spontaneous remission can exist in primary FSGS.

Differentiating primary or immune-mediated from sec-
ondary disease is difficult due to the lack of a gold standard
[27–32]. While our selection criteria improve the likelihood
that the included cases were immune-mediated variants
of FSGS, these features cannot completely rule out non-
immune-mediated factors [33–37]. Usingmore rigid inclusion
criteria, such as an albumin threshold, to increase diagnosis
specificitywould potentially come at the cost of excluding some
primary FSGS with milder presentation. We feel additional
support for an immune-mediated mechanism was that all 203
patients in our remission cohort had a significant reduction
in proteinuria, and subsequent relapses were accompanied
by a comparable increase in proteinuria as in the first
nephrotic episode. All subsequent proteinuria remission also
had similar reductions as the first one, making dominant
secondary causes less likely. Nevertheless, because we lack a
diagnostic gold standard for cases of primary FSGS, clinicians
should be wary of using immunosuppression in milder
cases, where no evidence of benefits has been reported and
where unknown secondary causes may still exist. However, if,
with careful monitoring, significant worsening of the clinical
or laboratory features ensues, such treatments should be
considered.

In summary, in FSGS patients, unless remissions are
maintained and relapses avoided, long-term renal survival
remains poor. Current guidelines emphasize the importance
of obtaining a remission in proteinuria, but our data suggest

that unless it is maintained and relapses avoided, long-term
renal survival will remain unfavourable. This part of patient
management remains poorly defined and should be part of all
future treatment trials [38].
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