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Introduction: Kidney outcomes are improved in primary focal segmental glomerulosclerosis (FSGS) by

maintaining a remission in proteinuria. However, characteristics associated with relapses are uncertain.

We sought to identify these by analyzing each remission.

Methods: We performed a retrospective study in patients with biopsy-proven lesions of FSGS, absent

identifiable secondary cause, who had at least 1 remission from nephrotic-range proteinuria. In each

patient, we identified every remission, every relapse, and their durations. Using a multilevel logistic

regression to account for the clustering of multiple remissions within a patient, we tested which clinical

characteristics were independently associated with relapses.

Results: In 203 individuals, 312 remissions occurred, 177 with and 135 without relapse. A minority of re-

missions were atypical, defined by either absent hypoalbuminemia and/or no immunosuppression (IS), in

contrast to the classic nephrotic syndrome that remits with IS. Atypical remission variants were just as

likely to relapse as the classical presentation. Only 24% of remission events were on maintenance therapy

at relapse. Independent characteristics associated with relapses were higher maximal proteinuria while

nephrotic; and in remission, higher nadir proteinuria, lower serum albumin, and higher blood pressure.

Using these variables, we created a tool estimating the 1-year risk of relapse ranging from 9% to 80%, well-

calibrated to the observed data.

Conclusion: In FSGS, relapses are frequent but predictable using independent clinical characteristics. We

also provide evidence that atypical presentations remit and relapse following the same pattern as classic

FSGS presentations. Treatment strategies to prolong remission duration should be addressed in future

trials.
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F
SGS is one of the most common histologic types of
glomerulonephritis leading to end-stage kidney

disease in the United States, in both children and
adults.1–3 The proposed classification system of FSGS
lesions includes primary (autoimmune), secondary
(maladaptive, toxic or viral), genetic, and those of
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uncertain etiologies labeled of “undetermined cause.”4

In the absence of a gold standard biomarker, a
nephrotic syndrome with histology showing FSGS le-
sions and diffuse foot process effacement (FPE), which
remits following IS, best defines primary disease.

It is uncertain how to identify and approach treat-
ment in patients with the FSGS lesion that may lie
within the undetermined etiology group. When no
evident secondary cause exists, nephrotic range pro-
teinuria even without hypoalbuminemia that subse-
quently remits supports the diagnosis of a primary
FSGS. Certainly, this type of patient has been included
in randomized trials of IS.5,6 Although diffuse FPE
appears to be highly specific for the autoimmune form,
this finding may be insufficiently sensitive in less se-
vere forms of primary FSGS and studies have found
exceptions to this rule.7,8 In addition, some patients
2403
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CLINICAL RESEARCH S Troyanov et al.: Relapses in FSGS
with FSGS have experienced remissions in proteinuria
without IS but subsequently relapse,9–11 making it
even more difficult to delineate the autoimmune forms
within the “undetermined cause” group.

Remissions in patients with FSGS with initial high-
grade proteinuria and no relapse are the most defining
surrogates of long-term outcomes.12–14 However, none
of the immunosuppressive regimens used in induction
of remission trials in primary FSGS has been tested to
address the risk-benefit of maintenance therapy.6,15–20

Despite this lack of formal evidence, IS agents are
commonly prolonged after achieving remission.14,21,22

However, currently, the literature contains little infor-
mation about the features associated with the risk of
relapse, particularly in milder presentations that lie
within the “undetermined cause” group.

We studied patients with biopsy-proven FSGS le-
sions and established nephrotic range proteinuria who
had obtained either a partial or complete remission to
examine these uncertainties. We included events dis-
playing a full nephrotic syndrome but also atypical
events that experienced remission without having
presented with hypoalbuminemia or received IS. We
aimed to identify factors associated with a relapse
following a remission. We hypothesize that patients
with atypical clinical features at presentation will also
experience relapses similar to primary FSGS. We also
hypothesize that the severity of the nephrotic pro-
teinuria, its subsequent quantitative improvement
during the remission phase, and blood pressure control
are associated with the risk of subsequent relapse.
METHODS

Setting Design and Entry Criteria

We performed an observational cohort study using
data extracted from the Toronto Glomerulonephritis
Registry from its creation in 1974 to 2019.23 We sought
to study autoimmune forms of FSGS and, given the lack
of a hallmark definition, we included patients with
both full nephrotic syndrome and nephrotic range
proteinuria who experienced a remission. We did not
limit the definition of FSGS solely to those who had a
full nephrotic syndrome or acquired a remission only
in the setting of IS, because milder cases of primary
FSGS may lie within the “undetermined cause”
group.5,6 We did however carefully review all medical
history recorded, blood tests (including genetic when
available), and radiologic evaluations to rule out classic
or well-defined secondary cases.

When the Toronto Glomerulonephritis Registry re-
ceives a pathology assessment, a secondary review is
performed before classification to ensure that the
description is consistent with FSGS. Given the
2404
prolonged time frame of this study, a tertiary review of
all pathology reports was performed to confirm that the
description agreed with current histologic standards.24

Only patients with definite pathologic findings of FSGS
(focal and segmental consolidation of the tuft by
increased extracellular matrix obliterating the capillary
lumen, with or without glomerular adhesions by light
microscopy with either negative or only segmental IgM
or C3 by immunofluorescence) were considered for this
study. In addition, electronic microscopy findings had
to be consistent with FSGS, with electron microscopy
showing greater than 75% diffuse FPE when per-
formed during a nephrotic period and before IS.7,25

However, this criterion was not a requirement when
the biopsy was done outside of their nephrotic period,
or if done during immunosuppressive therapy.

The inception time was the first clinical assessment
available to the glomerulonephritis registry. Finally,
only patients older than 16 years at the entry to the
registry and with at least 12 months of observation
were included. The ethics committee of the University
Health Network approved this retrospective study.
This work was carried out in accordance with the
declaration of Helsinki.

Variables

In addition to demographics and body mass index, we
collected initial and follow-up information on systolic
and diastolic blood pressure, serum creatinine and al-
bumin, and 24-hour proteinuria. Race was self-
reported. Serum albumin measurements throughout
the observation period in the glomerulonephritis reg-
istry region of Ontario, Canada, used the bromocresol
green method where levels #35 g/l defined hypo-
albuminemia.26 We recorded the exposure to immu-
nosuppressive agents, including glucocorticoid,
antimetabolites (mycophenolate and azathioprine), B-
cell therapies (cyclophosphamide and rituximab), and
calcineurin inhibitors (cyclosporine and tacrolimus).
We noted the number of antihypertensive medications,
including renin-angiotensin system blockade.

Definitions

We assessed remissions, either partial or complete, and
relapses. A partial remission was defined by a protein-
uria value <3.5 g/d plus a 50% reduction from its peak
value. A complete remission was defined by a protein-
uria value #0.3 g/d.14 A relapse was a sustained pro-
teinuria increase to $3.5 g/d following a remission.14

“Maintenance” IS during remission was defined by a
minimal daily dose of 0.2 mg/kg prednisone, 1 mg/kg
azathioprine, 1000 mg mycophenolate mofetil, 2 mg/kg
cyclosporine or 0.05 mg/kg tacrolimus. If on a lower
dose of IS than above, they were labeled “as tapered.”
Kidney International Reports (2023) 8, 2403–2415



Figure 1. Remission event variables of interest. Individuals who relapse can experience subsequent remission events. FU, follow-up; Tx,
treatment.
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Patients receiving cyclophosphamide, rituximab, or a
combination of calcineurin inhibitors and antimetabo-
lite during remission were considered on maintenance
regardless of the dose. Mean arterial pressure was
defined as the diastolic pressure plus a third of the
pulse pressure. The estimated glomerular filtration rate
(eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration formula.

A “remission event” was defined by nephrotic-range
proteinuria leading to a remission period ending either
with a relapse (and a new nephrotic period) or the end
of follow-up (Figure 1). We identified every remission
event over the entire follow-up period for each patient
and assessed the durations of nephrotic and remission
periods. The other variables of interest within each
event included those starting at the time of nephrotic
proteinuria: eGFR, blood pressure, and antihyperten-
sive medications; and during the nephrotic period: the
maximal proteinuria and lowest serum albumin. We
also recorded at the time of onset of partial remission,
the eGFR, blood pressure, and antihypertensive medi-
cations; and during the remission period, the nadir
proteinuria and maximum serum albumin.

An atypical remission event was defined as occur-
ring without hypoalbuminemia and/or without
receiving IS. We also identified specific patients whose
course included both classical and atypical remission
phenotypes.

Outcomes

There were 3 outcomes of interest. First, the time to
relapse from the partial remission threshold. Second,
Kidney International Reports (2023) 8, 2403–2415
the occurrence of a relapse by 1 year, because we felt
identifying this event would assist clinicians when
counseling on the need for more prolonged mainte-
nance therapy. Third, the patient survival from a 50%
reduction in eGFR, dialysis, kidney transplant, or a
persistent eGFR #15 ml/min per 1.73 m2 (combined
outcome).

Statistical Analyses

Normally distributed variables are presented as means
� SDs and were compared using Student t-test or
1-way analysis of variance. Nonparametric variables
are expressed as median with interquartile range, and
differences were tested using Mann-Whitney U and
Kruskal-Wallis tests. Percentages were compared using
the chi-square.

We analyzed each remission event, including mul-
tiple ones within a patient, to determine factors asso-
ciated with the occurrence of a relapse. We did not
limit our analysis solely to the first remission event. In
turn, this simplified the assessment of time-varying
covariates such as sequential treatments that would
have been complex to assess over multiple remissions
and relapses. To account for clustering by multiple
remission events within a patient, we determined in-
dependent factors associated with the occurrence of a
relapse by the 1-year time-point using a multilevel lo-
gistic regression that included variables identified by
univariate analyses (level 1 equation), and a random
intercept that accounts for multiple remission events
per patient (level 2 equation). We verified that the
random effect covariance was not statistically different
2405
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from 0, to confirm a similar risk of relapse following the
first and subsequent remissions. Remission periods
with less than 1 year of follow-up were discarded for
this analysis unless a relapse had occurred within this
time. Missing data was not replaced. The goodness of
fit of the logistic model was assessed using the C-sta-
tistic. To assess calibration, points for each indepen-
dent predictor were assigned by dividing the b
coefficient by the lowest significant b in the model and
rounding to the nearest number. We report the
observed and predicted risk of relapse according to the
sum of these points.27 We also report the observed and
predicted risk of relapse in classic versus atypical
presentation.

We illustrate the time from remission to relapse us-
ing Kaplan-Meier curves and log-Rank test. Finally, we
also use Kaplan-Meier curves to illustrate kidney sur-
vival from a combined outcome in individuals with and
without atypical remission events.

Two-tailed P-values less than 0.05 were considered
statistically significant, except when doing subgroup
analyses where we use the Bonferroni correction for
significance (0.05/number of comparisons). Analyses
were performed using SPSS software (version 26, IBM,
NY).
RESULTS

Cohort Characteristics

There were 1005 patients with a histologic pattern of
FSGS as documented by nephropathologists in the
Toronto Glomerulonephritis Registry from its creation
until January 2019. After applying exclusions, we
identified 203 patients who had had at least 1 remission
(Figure 2). These patients were followed-up with for a
median of 71 (39–110) months. The number of available
measurements per individual was 15 (9–22) for eGFR,
11 (7–29) for proteinuria, 10 (5–15) for serum albumin,
and 13 (7–18) for blood pressure. The presenting eGFR
was 69 � 29 ml/min per 1.73 m2, with a body mass
index of 27 (23–32), 37% were female; and 11%, 10%,
62%, and 17% were African, Asian, Caucasian, or of
other descent, respectively. There were 153 subjects
who returned to their physician after 72 (40–109)
months and 2 were lost to follow-up because of death of
nonrenal cause. There was little missing data: during
nephrotic periods, the blood pressure, number of an-
tihypertensives and nadir albumin were unavailable in
13%, 9%, and 10%, respectively. During remission
periods, the initial blood pressure and albumin were
absent in 4% and 15% of cases. Other variables were
missing in #1%.

During the follow-up of the 203 patients, there was a
total of 312 remissions of which 177 relapsed (Figure 2).
2406
Remission events lasted a median 30 (15–61) months.
The maximal proteinuria during the nephrotic period
leading to the first remission, was 7.0 (5.0–11.2) g/d,
and a similar severity was seen in all subsequent
nephrotic events, 6.8 (5.0–9.7) g/d.

One hundred subjects had their biopsy done during
full nephrotic syndrome (nephrotic proteinuria with
hypoalbuminemia) and prior to treatment, and these
showed diffuse FPE on electron microscopy. In contrast,
85 patients had their biopsy performed at a time when
they did not have nephrotic range proteinuria or hypo-
albuminemia and their electronmicroscopyphotographs
showed a variable degree of FPE. However, all these
subjects subsequently developed nephrotic range pro-
teinuria and 43 of 85 developed hypoalbuminemia. The
remaining 42 of 85 were never documented to have
hypoalbuminemia. Finally, the remaining 18 of the 203
had their biopsy done >3 months prior to the first
clinical assessment accessible to the glomerulonephritis
registry.

Factors Associated With a Relapse

Remission events that were followed by a relapse had a
higher maximal proteinuria during the nephrotic
period, and a higher nadir of proteinuria while in
remission (Table 1). Specifically, relapses occurred in
89% of remission events when their proteinuria nadir
was 2 to 3.5 g/d, 65% when their nadir was 1 to 2 g/
d and only 40% of events that reached a proteinuria
nadir #1 g/d (P < 0.001). Events that relapsed had,
during their remission period, a lower serum albumin
(39 � 6 vs. 42� 4 g/l, P < 0.001), a higher mean arterial
pressure (97 � 12 mm Hg vs. 94 � 11, P ¼ 0.05) despite
a higher number of antihypertensive drugs and a
smaller reduction in mean arterial pressure from the
nephrotic period onset (5 � 13 mm Hg vs. 8 � 15, P ¼
0.04). Neither sex nor age were associated with the risk
of a relapse. Type and duration of IS were similar be-
tween sustained and unsustained remissions. Overall,
after the partial remission threshold was attained, IS was
continued for 4 (0–11) months and relapses occurred at 8
(3–21) months (Table 1). Twenty percent of relapses had
received no prior IS before the remission event, 37%
had stopped, 23% were receiving tapered doses, and
only 19% occurred while on maintenance IS.

Remission Events That Occurred Without IS

Sixty-seven of the 312 remission events (21%) were
atypical given that they occurred without the use of IS
(Table 2). Events not given IS had a less severe nephrotic
period compared to treated episodes. They experienced
less reduction in proteinuria and took longer to reach
remission.Howeveruntreated remissions lost significantly
greater eGFR during their nephrotic period and
Kidney International Reports (2023) 8, 2403–2415



Figure 2. Patient recruitment and flow-chart. FSGS, focal segmental glomerulosclerosis.
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experienced less reduction in blood pressure. Finally, the
proportion and time to relapsewere similar between IS and
non-IS events (Figure 3a).

There were 14 of 203 subjects who experienced
both treated and untreated remissions. They had a
total of 38 remission events, 21 treated with IS and 17
without IS (Supplementary Figure S1A). Patient sur-
vival from a combined event was similar between
individuals who only experienced remission(s) with
IS, those who only experienced remission(s) without
Kidney International Reports (2023) 8, 2403–2415
IS, and the 14 subjects who experienced both treated
and untreated events (Supplementary Figure S2A).

Remission Events That Occurred Without

Hypoalbuminemia

Twenty-seven percent (85/312) remission events were
atypical given that they presented with nephrotic range
proteinuria but without hypoalbuminemia, whereas
63% had a full nephrotic syndrome (remaining 10% of
events had no albumin measurement during their
2407



Table 1. Comparison of 312 remission events associated with and
without a relapse

Variables
No relapse
(n [ 135)

Relapse
(n [ 177) P-value

Nephrotic period leading to the
remission

Sex, % female 39 33 0.28

Initial age, yrs 44 � 16 43 � 15 0.86

Initial eGFR, ml/min per 1.73 m2 68 � 32 70 � 27 0.60

Maximal proteinuria, g/d 6.8 (4.7–9.6) 7.1 (5.3–11.1) 0.05

Nadir albumin, g/l 30 � 9 28 � 8 0.32

Initial MAP, mm Hg 103 � 15 102 � 13 0.43

Initial number of blood pressure
medication

1 (0–2) 1 (0–2) 0.70

Initial use of RASB, % 39 38 0.81

Immunosuppressive treatment

(%) None, Glucocorticoids,
antimetabolites, B-cell
therapya, CNI,

23, 47, 4, 10, 16 20, 44, 4, 10, 22 0.75

Time from onset of nephrotic
proteinuria to
immunosuppression
start

0 (0–3) 0 (0–3) 0.27

Time from
immunosuppression
start to partial remission

4 (2–13) 4 (1–9) 0.57

Remission period

Time to partial remissions 8 (4–19) 7 (3–18) 0.61

eGFR at remission, ml/min
per 1.73 m2

65 � 35 65 � 29 0.85

Reduction in eGFR from
nephrotic period onset

5 � 23 4 � 20 0.98

Nadir proteinuria, g/d 0.5 (0.2–1.2) 1.5 (0.4–2.3) <0.001

Reduction from maximal
value

5.9 (4.1–9.0) 5.6 (3.8–9.7) 0.93

Complete / partial remission, % 41 / 59 21 / 79 <0.001

Maximal albumin, g/l 42 � 4 39 � 6 <0.001

Increase in albumin from
minimal value

13 � 9 10 � 9 0.04

MAP at remission, mm Hg 94 � 11 97 � 12 0.05

Reduction from MAP at
nephrotic period onset

8 � 15 5 � 13 0.04

Number of blood pressure
medication at remission

1 (1–2) 2 (1–2) 0.49

Use of RASB at remission (%) 60 58 0.67

Time from remission to
immunosuppression end

5 (0–16) 3 (1–9) 0.52

Time from remission to relapse - 8 (3–21)

Immunosuppression at relapse
(% not given, stopped, taper,
maintenance)

- 20, 37, 23, 19

Time from remission to end
follow-up (if no relapse)

26 (11–66) -

Immunosuppression at end of
follow-up (% not given,
stopped, taper, maintenance)

23, 51, 16, 10 -

CNI, calcineurin inhibitor; eGFR, estimated glomerular filtration rate; MAP, mean arterial
pressure; RASB, renin angiotensin system blockade.
aB-cell therapy consisted of cyclophosphamide (n ¼ 29) and rituximab (n ¼ 1).
All times are in months.

Table 2. Comparison of remission events that occurred with and
without immunosuppression

Variables

Remission events
without

immunosuppression
(n [ 67)

Remission events
with

immunosuppression
(n [ 245) P-value

Nephrotic period leading to the
remission

Sex, % female 36 36 0.99

Initial age, yrs 44 � 15 43 � 15 0.58

Initial eGFR, ml/min
per 1.73 m2

64 � 27 70 � 29 0.16

Maximal proteinuria, g/d 5.0 (4.1–7.4) 7.5 (5.4–11.7) <0.001

Nadir albumin, g/l 36 � 6 27 � 8 <0.001

Initial MAP, mm Hg 101 � 13 102 � 14 0.63

Initial number of blood
pressure medication

1 (0–2) 1 (0–2) 0.45

Initial use of RASB, % 41 38 0.67

Remission period

Time to partial remission 13 (6–26) 6 (3-16) <0.001

eGFR at remission, ml/min
per 1.73 m2

55 � 30 68 � 32 0.004

Reduction in eGFR from
nephrotic period onset

9 � 16 2 � 24 0.007

Nadir proteinuria, g/d 1.6 (0.8–2.2) 0.7 (0.2–1.8) <0.001

Reduction from maximal
value

3.6 (2.8–5.2) 6.5 (4.4–10.7) <0.001

Complete/partial remission, % 7 / 93 36 / 64 <0.001

Maximal albumin, g/l 41 � 5 40 � 5 0.31

Increase in albumin from
minimal value

5 � 5 13 � 9 <0.001

MAP at remission, mm Hg 97 � 10 96 � 12 0.28

Drop in MAP from nephrotic
period onset

3 � 10 7 � 15 0.02

Number of blood pressure
medication at
remission

2 (1–2) 1 (1–2) 0.60

Use of RASB at remission, % 60 58 0.85

Relapse, % 54 58 0.58

Time from remission to
relapse

8 (4–18) 8 (3–21) 0.81

Time from remission to end FU
when no relapse

20 (7–51) 32 (11–69) 0.12

eGFR, estimated glomerular filtration rate; FU, follow-up; MAP, mean arterial pressure;
RASB, renin angiotensin system blockade.
All times are in months.

CLINICAL RESEARCH S Troyanov et al.: Relapses in FSGS
nephrotic period). These events without hypo-
albuminemia had marked clinical differences compared
to events with it (Table 3). They presented with milder
proteinuria, a lower eGFR, and fewer received IS.
2408
However, they took longer to reach partial remission,
had a greater decline in eGFR while nephrotic, and
obtained a nadir proteinuria of only 1.4 (0.7–1.9) g/
d compared to a nadir of 0.7 (0.2–1.8) g/d in those who
presented with hypoalbuminemia (P ¼ 0.001). The
proportion and time to relapse, however, were similar
between both groups (Figure 3b).

There were 12 of 203 subjects who experienced re-
missions both with and without hypoalbuminemia, for a
total of 43 remission, 26 with and 17 without low al-
bumin (Supplementary Figure S1B). Patient survival
from a combined event was similar between individuals
who experienced only nephrotic events with hypo-
albuminemia, those that only had events without
hypoalbuminemia, and the 12 patients who experienced
Kidney International Reports (2023) 8, 2403–2415



Figure 3. Time to relapse (a) in events with and without immunosuppression and (b) in events with and without hypoalbuminemia. IS,
immunosuppression.

S Troyanov et al.: Relapses in FSGS CLINICAL RESEARCH
multiple events, some with and some without hypo-
albuminemia (Supplementary Figure S2B).

Comparisons of Relapses That Occur <1 Year, 1

to 2 Years, and >2 Years After Remission

The characteristics differentiating events that did and did
not relapse also distinguished early versus late relapses
(Table 4). Early (<1 year, n ¼ 108) relapses followed
Table 3. Comparison of remission events that occurred with and without

Variables
Remission event

with hypoalbuminemia (n

Nephrotic period leading to the remission

Sex, % female 43

Initial age, yrs 42 � 15

Initial eGFR, ml/min
per 1.73 m2

73 � 30

Maximal proteinuria, g/d 8.2 (5.7–12.3)

Nadir albumin, g/l 25 � 7

Initial MAP, mm Hg 102 � 14

Initial number of blood pressure medication 1 (0–2)

Initial use of RASB, % 35

Immunosuppressive treatment

(%) None, Glucocorticoids, antimetabolites, B-cell therapya, CNI 13, 49, 2, 12, 2

Remission period

Time to partial remission 7 (3–15)

eGFR at remission, ml/min
per 1.73 m2

71 � 31

Reduction in eGFR from nephrotic period onset 2 � 24

Nadir proteinuria, g/d 0.7 (0.2–1.8)

Reduction from maximal value 7.0 (4.6–11.7)

Complete/partial remission, % 36 / 64

Maximal albumin, g/l 39 � 5

Increase in albumin from minimal value 15 � 9

MAP at remission, mm Hg 95 � 13

Drop in MAP from nephrotic period onset 7 � 14

Number of blood pressure medication at remission 1 (1–2)

Use of RASB at remission, % 54

Relapse, % 57

Time from remission to relapse 7 (3–20)

Time from remission to end FU when no relapse 28 (11–69)

CNI, calcineurin inhibitor; eGFR, estimated glomerular filtration rate; FU, follow-up; MAP, mean
a10% of remission did not have a measured albumin level and could not be categorized.
All times are in months.

Kidney International Reports (2023) 8, 2403–2415
remission eventswhere the peak proteinuriawas 9.3 (5.9–
12.0) g/d as opposed to amuch lower peak of 6.5 (5.0–11.0)
and 5.8 g/d (4.8–7.6) in the relapses that occurred 1–2
years (n ¼ 31) and >2 years (n ¼ 38) after the remission
(P< 0.001). In addition, early relapseswere distinguished
from later ones by a higher nadir proteinuria, lower al-
bumin, and greater need for antihypertensive drugs
during their remission period. The specific type of IS
hypoalbuminemiaa

s
[ 197) Remission events without hypoalbuminemia (n [ 85) P-value

24 0.002

47 � 13 0.02

58 � 24 <0.001

5.4 (4.3–7.1) <0.001

39 � 3 By design

104 � 14 0.25

1 (0–2) 0.15

47 0.08

4 46, 28, 7, 6, 13 <0.001

10 (5–26) 0.02

48 � 26 <0.001

11 � 13 <0.001

1.4 (0.7–1.9) 0.001

4.0 (3.1–5.9) <0.001

16 / 84 <0.001

43 � 4 <0.001

4 � 3 <0.001

99 � 8 0.001

5 � 13 0.29

2 (1–3) 0.002

72 0.005

49 0.22

8 (4–19) 0.37

26 (11–59) 0.52

arterial pressure; RASB, Renin angiotensin system blockade.

2409



Table 4. Comparison of relapses that occur at #1, 1–2, >2 years after a remission event

Variables
Relapse £1 yr

(Group 1, n [ 108)
Relapse 1--2 yrs

(Group 2, n [ 31)
Relapse >2 yrs

(group 3, n [ 38) P-value

Nephrotic period leading to the remission

Sex, % female 34 23 39 0.32

Initial age, yrs 45 � 15 40 � 14 42 � 14 0.25

Initial eGFR, ml/min per 1.73 m2 68 � 26 69 � 28 75 � 29 0.39

Maximal proteinuria, g/d 9.3 (5.9–12.0) 6.5 (5.0–11.0) 5.8 (4.8–7.6) 0.003 (1>3)

Nadir albumin, g/l 29 � 8 27 � 9 28 � 8 0.68

Initial MAP, mm Hg 103 � 12 101 � 13 97 � 15 0.02

Initial number of blood pressure medication 1 (0–2) 1 (0–2) 1 (0–2) 0.51

Initial use of RASB, % 38 36 37 0.97

Treatments, %

% none, glucocorticoids, antimetabolites, B-cell therapy, CNI 21, 47, 4, 8, 20 19, 29, 10, 13, 29 21, 45, 3, 10, 21 0.70

Time from onset of nephrotic proteinuria to immunosuppression start 0 (0–4) 1 (0–4) 0 (0–2) 0.76

Time from immunosuppression start to remission 4 (2–10) 3 (1–7) 4 (2–6)

Remission period

Time to remission (partial remission criteria) 9 (3–21) 7 (4–18) 5 (3–11) 0.23

eGFR at remission, ml/min per 1.73 m2 63 � 29 69 � 31 70 � 31 0.36

Reduction in eGFR from nephrotic period onset 5 � 21 1 � 25 5 � 16 0.66

Nadir proteinuria, g/d 1.6 (0.7–2.6) 1.9 (0.7–2.4) 0.6 (0.2–1.5) <0.001 (1,2<3)

Reduction in proteinuria from maximal value 6.5 (4.1–10.2) 4.9 (3.1–10.8) 5 (3.6–6.0) 0.06

Complete / partial remission, % 15 / 85 23 / 77 39 / 61 0.006 (1<3)

Maximal albumin, g/l 38 � 6 39 � 6 42 � 4 0.004 (1<3)

Increase in albumin from minimal value 9 � 7 12 � 10 13 � 9 0.04 (1<3)

MAP at remission, mm Hg 98 � 13 97 � 11 95 �10 0.32

Reduction in MAP from nephrotic period onset 5 � 13 4 � 15 4 � 14 0.78

Number of blood pressure medication at remission 2 (1–2) 1 (0–2) 1 (0–2) 0.04 (1>3)

Use of RASB at remission, % 63 48 50 0.20

Time from remission to immunosuppression end 3 (1–6) 13 (0–18) 21 (2–32) <0.001 (1<3)

Time from remission to relapse 4 (3–7) 17 (14–21) 40 (28–50) By definition

IS at time of relapse, % not given, stopped, taper, maintenance 20, 30, 27, 23 19, 52, 13, 16 21, 47, 21, 11 0.17

CNI, calcineurin inhibitor; eGFR, estimated glomerular filtration rate; IS, immunosuppression; MAP, mean arterial pressure; RASB, renin angiotensin system blockade.
All times are in months.
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treatments during the nephrotic periods and the pro-
portions that remainedonmaintenance therapy at the time
of relapse were similar between early versus late relapses.

Assessment of the Risk of a Relapse at 1 Year

We sought to identify independent factors associated
with a relapse within 1-year following a remission,
because we felt this is an important clinical milestone.
We performed this analysis excluding events that had
less than 1 year follow-up following the remission
Figure 4. Univariate factors associated with a relapse by 1-year following a
or not given. The maximal proteinuria during the nephrotic period was cat
tertile cut-offs of 6.2 and 10.4 g per day. The mean arterial pressures of 97 an
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unless they had already relapsed (n ¼ 36). This left 276
remissions and 108 early relapses to examine. There
were 5 characteristics associated with the risk of relapse
by 1 year by univariate analysis: the maximal protein-
uria during the nephrotic period (categorized into 3
levels: #6, 6–10 and >10 g/d approximating the tertile
cut-offs of 6.2 and 10.4 g/d), the blood pressure at
remission, the number of antihypertensive drugs at
remission, the nadir proteinuria, and maximal serum
albumin within the first year after a remission (Figure 4).
remission when maintenance immunosuppression is tapered, stopped,
egorized into 3 categories: <6, 6–10, and >10 g/d, approximating the
d 107 mmHg approximate blood pressures of 130/80 and 140/90 mm Hg.

Kidney International Reports (2023) 8, 2403–2415



Figure 5. Independent factors (a) associated with a relapse at 1 year following the remission, model calibration (b) and applicability to events
with and without atypical features (c). Atypical events are defined by remissions that followed nephrotic range proteinuria without hypo-
albuminemia or remissions that occurred without the use of immunosuppression. The predicted risk was the predicted probabilities obtained
from the multilevel logistic regression. MAP, mean arterial pressure.

S Troyanov et al.: Relapses in FSGS CLINICAL RESEARCH
We also found that having experienced a previous
relapse was not associated with the risk of future relapse
(38% relapse rate by 1 year after first remission vs. 42%
after subsequent remissions, P ¼ 0.43). Using a multi-
level logistic model accounting for multiple remission
events within individuals, we found 4 variables inde-
pendently associated with relapses (Figure 5a), with a C-
statistic of 0.81 (95% confidence interval: 0.75–0.86).
The predicted risk of relapse according to these vari-
ables ranged from 9% to 80% and was well-calibrated
to the observed rates (Figure 5b). The model applied
similarly to remissions with classical or atypical pre-
sentations (Figure 5c) and regardless of whether a first or
subsequent remission was obtained (data not shown).
We repeated this model excluding those who received
maintenance IS during the entire first year in remission
(n ¼ 57) to assess the “natural” risk of relapse and found
identical risk factors, C-statistic, and calibration
(Supplementary Figure S3).

Influence of Maintenance IS on the Risk of a

Relapse

Immunosuppressive regimens used in this observa-
tional study were variable and frequently multimodal
(Supplementary Table S1). We described their usage
and report 4 groups: glucocorticoid monotherapy, an-
timetabolites � glucocorticoid, B-cell therapy � any
other IS drugs, and calcineurin inhibitor (CNI) � any
other IS drugs excluding B-cell therapies. Prior to the
first remission, glucocorticoid monotherapy was used
most often (69%), compared to antimetabolites (2%),
cytotoxic (9%), and CNI (20%). In comparison to pa-
tients prior to their third or later remission, the pro-
portion receiving glucocorticoid monotherapy
decreased to 24% compared to antimetabolites (18%),
cytotoxic (9%), and CNI (49%). Events in the setting of
CNI were associated with a greater eGFR loss and less
Kidney International Reports (2023) 8, 2403–2415
reduction in mean arterial pressure during the
nephrotic period whereas the risk of relapse was similar
to other groups. However, as shown earlier, CNI
treatments were used more often in remission events
that followed multiple relapses.
DISCUSSION

In this analysis of 312 remissions in 203 patients with
FSGS, we found that following remissions in protein-
uria, relapses occurred frequently, even following re-
missions where IS was never started or where
hypoalbuminemia was not observed. Relapses were
more common following events characterized by a
higher maximal proteinuria while nephrotic, and when
in remission, by a higher nadir proteinuria, lower
serum albumin, and higher blood pressure despite
more antihypertensive treatment. Using these factors,
we could accurately predict the risk of relapse in our
cohort at 1-year. This supports our rationale that
clinical factors during nephrotic and remissions periods
can justify maintenance treatment in patients with
high-risk of relapse. It also supports the need to
address the duration of therapy in future studies
because of the impact of relapses on kidney survival.12

In addition, it provides some evidence that the defini-
tion of primary or autoimmune FSGS should not be
limited to abrupt onset of nephrotic syndrome that
remits following IS therapy because we observed
marked variations in presentation severity between
events even within the same individual. Events with
atypical presentations were just as likely to relapse and
had a similar long-term kidney outcome. Although this
last finding may appear counterintuitive, we found
that atypical presentations were associated, during the
nephrotic period, with a statistically greater loss of
renal function, a smaller reduction in blood pressure,
2411
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and a longer time to reach the partial remission
threshold, all factors that could adversely impact kid-
ney survival.

The number of potential secondary etiological agents
associated with the FSGS lesion has progressively
increased over the years. It includes genetic, drug-
induced, and maladaptive factors that may all pro-
duce significant proteinuria associated with an FSGS
lesion on biopsy.28–32 A distinction between immuno-
logic and nonimmunologic FSGS in adults is evident
when comparing extremes in presentations: massive
proteinuria with sudden and severe edema and low
serum albumin versus asymptomatic proteinuria values
of unknown duration and normal albumin, often with a
recognizable causative secondary factor.4,11,33 How-
ever, our data shows that intermediate phenotypes do
occur, and clinicians are tasked to consider potent IS,
knowing that this group may still have a responsive
immunological component. Currently, although the
most specific finding supporting a diagnosis of auto-
immune FSGS remains obtaining a remission in
high-grade proteinuria after IS, primary FSGS has oc-
casionally been shown to remit spontaneously, making
this definition less sensitive to milder forms.9–11 In our
study, 21% of events achieved remission without IS.
This could potentially result from dramatic weight loss
or better blood pressure control; however, both seem
unlikely in our cases because body mass index showed
little obesity in the cohort, and blood pressure
improved less with spontaneous remission than when
induced by IS. The possibility that these events were
true spontaneous remissions is also supported by the
risk of relapse being similar to those receiving IS
therapy, and by the 14 cases where multiple remissions
and relapses were observed in the same individual with
and without IS (Supplementary Figure S2A). This
pattern is perhaps not so unexpected in this group,
given they were specifically selected patients because
they had at least 1 remission.10,11,33 The same caveat
applies to nephrotic range events without hypo-
albuminemia (Supplementary Figure S2B). Although
considered atypical using the highly-specific definition
of primary FSGS, we found they were just as likely to
relapse. In addition, though diffuse FPE is highly
specific for primary FSGS in adults, not all subjects
were biopsied at their worst clinical state and others
were on IS, lowering the sensitivity of this finding. It is
always possible that a few nonautoimmune forms of
FSGS may have been included in this study despite
careful review of cases; however, we are reassured that
our capacity to predict relapse is applicable to events
even with milder presentations.

Little information exists regarding either the pre-
diction or the treatment of relapses in patients with
2412
FSGS. We have reported on factors associated with any
relapse when studying the relevance of a partial
remission.12,14 Banfi et al.21 have previously shown that
prolonged IS treatment can lead to a more sustained
remission. A recent study reported that CNI and
mycophenolate were the most used regimens employed
in this circumstance, although maintenance regimens
and drugs varied widely.22 The ability to predict re-
lapses that occur early appeared to us more clinically
important than predicting late ones. This information
might encourage both the clinician and the patient to
accept longer periods of therapy to maintain remission
to prevent a foreseeable event such as relapse or pro-
gressive loss of kidney function. This proposed
approach is likely to become even more acceptable with
new conservative options and the advent of newer IS
drugs with fewer side effects.34–37

There are limitations to our study. The varying
states of remissions and relapses in our cases of FSGS
would have made it challenging to demonstrate that
factors such as the severity of proteinuria and nadir
proteinuria in remission of a single event influence
renal survival. We therefore delineated the follow-ups
into remission events, a surrogate for long-term out-
comes. We had previously found a close relationship
between maintenance of remission and long-term sur-
vival in this specialized FSGS remission cohort.12 Given
the long time span of the study, the use of renin-
angiotensin system blockade was not universal,
because part of the follow-up time predated the intro-
duction of these drugs, and their universal use could
potentially influence the results. In addition, we did
not incorporate pathology findings, which have been
described as associated with outcomes.24,38 However,
the lengthy time between biopsy, remissions, and re-
lapses, reduces the value of pathology compared to
short-term studies.24,38–41 Our model was also perhaps
oversimplified by assessing blood pressure and the
number of antihypertensive medications simulta-
neously at remission because of their interdependence
and by using the worst and best proteinurias and
albuminemias during remission events, regardless of
the time of occurrence and instead of a time-average.
Finally, our findings require validation in indepen-
dent cohorts or by using different remission defini-
tions.13 Despite these limitations, we report the largest
relapsing and remitting FSGS event-driven cohort to
date.

In summary, we found that classic primary FSGS
commonly relapses and remits and that the atypical
clinical presentations can follow the same pattern when
evident secondary causes have been excluded. We
propose the use of a composite of basic clinical factors
to assess the risk of relapse in both phenotypes that
Kidney International Reports (2023) 8, 2403–2415
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will help the physician to counsel the patient when
proposing either prolonging or discontinuing mainte-
nance treatment.
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