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ABSTRACT

Background. The spectrum of interferon-p (IFN-p)-associated nephropathy remains poorly described and the potential
features of this uncommon association remain to be determined.

Methods. In this study we retrospectively analysed the clinical, laboratory, histological and therapeutic data of patients with
biopsy-proven renal disease in a context of IFN- treatment administered for at least 6 months.
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Results. Eighteen patients (13 women, median age 48 years) with biopsy-proven renal disease occurring during IFN-p therapy
were included. The median exposure to IFN-p (14 patients were treated with IFN-Bla and 4 patients with IFN-B1b) was

67 months (range 23-165 months). The clinical presentation consists in hypertension (HT; 83%), malignant HT (44%),
proteinuria (protU) >1g/g (94%), reduced renal function (78%), biological hallmark suggesting thrombotic microangiopathy
(TMA; 61%), oedematous syndrome (17%) or nephritic syndrome (11%). The pathological findings included typical features
of isolated TMAs in 11 cases, isolated focal segmental glomerulosclerosis (FSGS) lesions in 2 cases and 5 cases with
concomitant TMA and FSGS lesions. An exploration of the alternative complement pathway performed in 10 cases (63%) did
not identify mutations in genes that regulate the complement system. The statistical analysis highlighted that the
occurrence of IFN-B-associated TMA was significantly associated with Rebif, with a weekly dose >50 pg and with multiple
weekly injections. In all cases, IFN-f therapy was discontinued. Patients with TMA lesions received other therapies,
including corticosteroids (44%), eculizumab (13%) and plasma exchanges (25%). At the end of a 36-month median follow-up,
persistent HT and persistent protU were observed in 61% and 22% of patients, respectively. Estimated glomerular filtration
rate <60 mL/min/1.73 m? was present in 61% of patients.

Conclusions. IFN-B-associated nephropathy must be sought in the case of HT and/or protU onset during treatment. When
TMA and/or FSGS are observed on renal biopsy, early discontinuation of IFN-f is essential.
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A study of clinical, laboratory, histological and therapeutic data of patients
with biopsy-proven interferon-beta (IFN-B)-associated nephropathy
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effective in MS by modifying the pro- and anti-inflammatory
cytokine balance and decreasing the T-helper 17 response [2].
IFN-p therapies have been associated with the development of
INTRODUCTION renal injury, with two predominant underlying renal lesions:
Interferon-f (IFN-f) has been the cornerstone of multiple sclero- thrombotic microangiopathy (TMA) [3-26] and focal segmental
sis (MS) treatment for >20years [1]. IFN-f is believed to be glomerulosclerosis (FSGS) [27-31]. The occurrence of TMA or



nephrotic syndrome (NS) during IFN-$ therapy is considered to be
rare, with an estimated rate of 1/10000-1/1000. The number of
reported TMA and FSGS cases has dramatically increased during
the last decade (Supplementary data, Tables S1 and S2). Even
though a recent study unravelled the involvement of the anti-
angiogenic effect of type 1 IFNs in the development of TMA [32],
risk factors and pathophysiological mechanisms involved in IFN-
p-mediated nephropathy remain poorly understood. Type I IFNs
are known to inhibit vascular endothelial growth factor (VEGF)
[33] and could promote the development of TMA, as observed
in patients receiving anti-VEGF therapies [34].

The aim of this national retrospective multicentre study was
to revisit the clinico-biological characteristics, pathological
features and prognosis of IFN-f-associated nephropathies.
We evaluated the existence of risk factors contributing to the
occurrence of these renal diseases.

MATERIALS AND METHODS

Inclusion criteria

To identify patients who presented with nephropathy during
IFN-$ treatment we contacted all French nephrology and
pathology departments through the French Nephropathology
Group (Club Francophone de Pathologie Rénale). Criteria of
inclusion consisted of patients treated with IFN-f for at least
6 months with biopsy-proven renal disease.

Clinico-biological definitions

Acute kidney injury (AKI) was defined according to the Kidney
Disease: Improving Global Outcomes (KDIGO) guidelines [35].
Reduced renal function was defined as a decrease in the esti-
mated glomerular filtration rate (eGFR) to <60 mL/min/1.73 m?
according to the Modification of Diet in Renal Disease formula.
The severity of chronic kidney disease (CKD) was classified
according to the KDIGO criteria [36]. Proteinuria (protU) was
defined as a urine protein:creatinine ratio (UPCR) >0.15 g/g. NS
was defined as a UPCR >3 g/g associated with an albumin level
<30g/L. Complete remission of protU was defined as protU
<0.5 g/g after a 6-month follow-up. Patients with protU between
0.5 and 3 g/g and with at least a 50% reduction in protU, with an
albumin level >30g/L, were considered in partial remission.
Clinical signs of TMA were anaemia <10 g/dL, thrombocytopae-
nia <150G/L, increased lactate dehydrogenase (LDH) , reduced
haptoglobin, the presence of circulating schizocytes, normal co-
agulation parameters and a negative Coombs test.
Hypertension (HT) was defined as blood pressure >140/
90mmHg and malignant HT if diastolic blood pressure was
>110 mmHg with organ dysfunction.

Pathological analysis

All kidney biopsies were centralized and reviewed by a senior
renal pathologist (D.B.). Immunofluorescence data were col-
lected from the initial kidney biopsy reports. For a TMA diagno-
sis, the following lesions were registered: endothelial swelling
(arteriolar and glomerular), fibrin thrombi (arteriolar and glomer-
ular), glomerular congestion, arteriolar subendothelial oedema,
fibrinoid necrosis of arteriolar walls, ‘onion-skin’ concentric thick-
ening of arteriolar walls, fibrous arteriolar occlusion, remodelling
of glomerular capillary walls with double contours, ischaemic
wrinkling of the glomerular tuft and mesangiolysis. The changes
were classified as either focal [changes in <50% of glomeruli and
arterioles] or diffuse (changes in >50% of glomeruli or arterioles
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or both). The presence of fibrin thrombi or fibrinoid necrosis of ar-
teriolar walls was defined as ‘active’ TMA [37]. The Columbia clas-
sification criteria were applied when FSGS changes were
observed [38]. The severity of interstitial fibrosis (IF) and tubular
atrophy was semi-quantitatively scored on a scale of 0 to 3+ (0: 0-
5%; 1: 6-25%; 2: 26-50%; 3: >50%).

Statistical analysis

Continuous variables were given as median and interquartile
range (IQR), while categorical variables were given as number
and percentage. The categorical variables were analysed using
Fisher’s exact statistical test. The significance level used was
P <0.05. The Médic’AM database lists the number of medicine
boxes supported by the French health insurance system [39].
This database was used to estimate the market share of each
IFN-$ in France, assuming that all patients treated with this ex-
pensive therapy were covered by the French health insurance
system. The average number of patients treated between 2012
and 2017 was used to determine the number of ‘patient-years’
treated over this period (Supplementary data, Table S3).

RESULTS
Clinical, biological and pathological data

Nineteen adult patients from the nephrology departments of 12
French hospitals were identified. One patient who developed a
complete biological TMA syndrome with AKI was excluded
since no renal biopsy was performed because of a single kidney.
Eighteen patients with biopsy-proven IFN-g-associated ne-
phropathy occurring between 2002 and 2017 were included in
the study (Table 1).

All patients received IFN-f for MS treatment. Their clinical
and biological settings at the time of diagnosis are summarized
in Table 2. There was a predominance of women (13 women
and 5 men) consistent with MS epidemiology. The age span
ranged from 28 to 65years (median 48). The exposure duration
to IFN-$ ranged from 23 to 165months (median 67). Fourteen
patients (78%) were treated with IFN-pgla (all with Rebif, EMD
Serono, Rockland, MA, USA). Four patients were treated with
IFN-p1b (all with Betaferon, Bayer AG, Leverkusen, Germany).
No patient had a known underlying renal disease at the time of
IFN-p initiation. Two patients (11%) had an additional autoim-
mune disease associated with MS—Graves’ disease in one case
and idiopathic thrombocytopenic purpura in one case. The
most common renal finding is an increased protU level, with
UPCR >1g/g in 17 cases (94%) and >3g/g in 8 cases (44%), but
only 2 patients exhibited NS (11%). The median UPCR value was
2.9g/g (IQR 1.7-3.6). HT was present in 15 patients (83%) and was
malignant in 8 (44%). Biological TMAs were present in 11
patients (61%), with full-blown TMA in 9 cases and partial clini-
cal features in 2 cases. AKI was present in 14 patients (78%): 1
Stage 1 (6%), 8 Stage 2 (44%) and 5 Stage 3 (28%). The evolution
of creatinine level during the follow-up is summarized in
Figure 1.

Data from the pathological review are summarized in Table
3. Isolated TMA lesions were found in 11 cases (61%), isolated
FSGS lesions in two cases (11%) and TMA lesions associated
with FSGS lesions in five cases (28%).

Patients with TMA

Sixteen patients (89%) presented with TMA. The median dura-
tion of exposure to IFN-$ was 72 months. The IFN-f used at the
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Table 2. Demographic, clinical and laboratory characteristics of the
18 patients with IFN- -associated nephropathy

Characteristics Values

Age at diagnosis (years), median (IQR) 25th-75th percentiles 48 (37-55)

Ethnicity, n (%)

Caucasian 13(72)
African 2(11)
Maghreb 3(17)
Medical background, n (%)
NSAIDs 5(28)
Nephrotoxic drugs 0(0)
High blood pressure 3(17)
Diabetes 0(0)
Obesity 0(0)
Autoimmune disease (other than MS) 2(11)
MS 18 (100)
IFN-§ received, n (%)
IFN-f1a (Rebif) 14 (78)
IFN-B1b (Betaferon) 4(21)
Duration (months), median (IQR) 25th-75th percentiles 67 (47-89)
Clinical and laboratory features, n (%)
De novo HT or worsening of a known HT 15 (83)
Malignant HT 8 (44)
UPCR>1g/g 17 (94)
UPCR >3g/g 8 (44)
UPCR level (g/g), median (IQR) 25th-75th percentiles 2.9 (1.7-3.6)
NS 2(11)
Oedemas 3(17)
AKI 14 (78)

Serum creatinine level (nmol/L), median
(IQR) 25th-75th percentiles

Biological TMA, n (%) 11 (61)
Neurological signs (headaches, focal 7 (39)
sign and confusion), n (%)

Abdominal signs (nauseas, vomiting 3(17)
and diarrhoea), n (%)

Asthaenia, n (%) 2(11)
Asymptomatic, n (%) 2(11)

NSAIDs, non-steroidal anti-inflammatory drugs.

5501

500
4501
400}
350
3000~

250 i ‘. . g

Creatinine level (umol/L)

200f
150

100, N

191 (145-345)
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time of the TMA diagnosis was IFN-fla (Rebif) for 12 patients
(75%) and IFN-1b (Betaferon) for 4 patients (25%).

Most patients (94%) had de novo HT or worsening of pre-
existing HT that was malignant in eight subjects (50%). All
patients displayed at least one abnormal renal clinical feature,
including AKI (81%) and/or protU >1g/g (88%), often >3g/g
(38%). The median UPCR value was 2.7 g/g (IQR 1.5-3.0). AKI
was Stage 2 in eight cases (50%) and Stage 3 in five cases (31%).
The median serum creatinine level was 210 ymol/L (158-358).
Fourteen patients (88%) presented with anaemia, with a me-
dian haemoglobin of 8.5 g/dL (IQR 7.6-9.3), while thrombocytopae-
nia occurred in nine patients (56%), with a median platelet count
of 13310%L (IQR 70-213). The median LDH level was 555 U/L (IQR
226-1551). Biological TMAs were observed in 11 patients (69%),
with full-blown TMA in 9 cases and partial clinical features in 2
cases. Five patients (31%) presented with headache. Further neu-
rological involvement (confusional state or focal sign) was pre-
sent in five patients (31%). On brain imaging, none of the patients
had any signs of posterior reversible encephalopathy syndrome
or ischaemic stroke. Cardiac involvement was observed in five
patients (31%), with documented myocardial ischaemia in three
(19%) and an isolated decrease in the left ventricular ejection frac-
tion in two (13%). Three of these patients (19%) displayed acute
pulmonary oedema.

A pathological review was performed for all renal biopsies
(n=16) with TMA lesions (Table 3 and Figure 2). Fifteen patients
(94%) had glomerular TMA lesions and 13 patients (81%) had ar-
teriolar TMA. Fibrin thrombi were inconsistent (38%). TMA
changes were superimposed on FSGS in five cases (31%) with
different FSGS lesions: one ‘not otherwise specified (NOS)’, two
‘collapsing’ and two ‘Tip lesion’. Acute tubular necrosis (TN)
was associated in 69% of the cases. Immunofluorescence
revealed no significant deposits. Electron microscopy examina-
tion was performed in only one patient in whom we did not ob-
serve typical tubuloreticular endothelial inclusion.

An in-depth diagnostic workup ruled out other causes of
TMA. Shiga toxin stoolpolymerase chain reaction was per-
formed and was negative in three patients (19%). Four patients
(25%) had anti-nuclear antibody, without specificity. Two
patients (11%) had an anti-cardiolipin antibody, later confirmed

Isolated TMA
Isolated FSGS
TMA + FSGS

FSGS, focal segmental glomerulosclerosis
TMA, thrombotic microangiopathy

50 . . . . . .
0 3 6 12 15 18 21

24

27 30 33 36 39 42 45 48

Time (months)

FIGURE 1: Evolution of creatinine level during the follow-up.
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Table 3. Diagnosis and biopsy findings of the 18 patients with IFN-$-associated nephropathy

TMA
Glom

Patient Diagnosis (+0G),n  IF® TN® Localization =~ Arteriolar TMA  Glomerular TMA  Fibrin thrombi FSGS©

1 TMA 27 (7) 3 0 Mixt Diffuse Focal - -

2 TMA 13 (1) 2 0 Glomerular - Focal - -

3 TMA 24 (2) 2 ++ Mixt Diffuse Focal Mixt -

4 FSGS 20 (8) 2 + - - - - NOS

5 TMA 11(1) 2 + Arteriolar Diffuse - - -

6 TMA 8(0) 2 ++4+ Mixt Focal Focal - -

7 TMA 15 (0) 0 0 Glomerular - Focal - -

8 TMA+FSGS 11(2) 2 ++ Mixt Diffuse Focal Arteriolar Collapsing
9 TMA 18(2) 3 0 Glomerular - Focal - -

10 TMA+FSGS 15 (0) 1 + Mixt Focal Diffuse - Collapsing
11 TMA 12 (2) 1 + Mixt Diffuse Diffuse Mixt -

12 TMA+FSGS 30(2) 1 0 Mixt Focal Diffuse - Tip lesion
13 TMA+FSGS 30 (0) 1 + Mixt Diffuse Diffuse Mixt NOS
14 TMA 12 (2) 2 0 Mixt Diffuse Diffuse Arteriolar -

15 TMA 6 (1) 0 + Mixt Focal Diffuse - -

16 TMA 27 (1) 2 + Mixt Diffuse Focal Mixt -

17 FSGS 14 (0) 0 + - - - - Tip lesion
18 TMA+FSGS 14 (3) 1 + Mixt Focal Diffuse - Tip lesion

OG, obsolete Glom.

AIF quantification: 0, 0-5%; 1, 6-25%; 2, 26-50%; 3, >50%.

PTN quantification: 0, 0-5%; -+, 6-25%; -++, 26-50%; +-++, >50%.
“Columbia classification.

FIGURE 2: Thrombotic microangiopathy lesions. (A) Glomerular ischaemia at low magnification (Masson’s trichrome). (B) Glomerular thrombotic microangiopathy at
high magnification. (C) Arteriolar thrombotic microangiopathy at high magnification. (D) Glomerular thrombotic microangiopathy with electron microscopy.

as negative, excluding an anti-phospholipid syndrome.
ADAMTS13 (a disintegrin and metalloproteinase with a throm-
bospondin type 1 motif, member 13) activity was measured in
eight patients (50%), but none of these had <5% ADAMTS13 ac-
tivity, excluding thrombotic thrombocytopenic purpura (TTP).
No patients had C3, C4 or CH50 hypocomplementaemia. In renal
tissue, C3 and Clg deposits were observed by

immunofluorescence in 3 (19%) and 1 (6%) cases, respectively.
An exploration of the alternative complement pathway includ-
ing factor H, factor I,membrane cofactor protein (MCP) and anti-
factor H measurements was performed in 10 patients (63%) and
yielded normal results in every case. In one patient, the genetic
study found two rare variants of undetermined significance in
the CFI gene, associated with a homozygous deletion of CFHR1
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FIGURE 3: Evolution of protU after IFN-p discontinuation in thrombotic microangiopathy cases. (A) Evolution of protU after IFN-f discontinuation in the first 24 months
for patients with TMA [median (IQR) 25th-75th percentiles]. (B) Evolution of protU for two patients with TMA before and after IFN-f discontinuation.

without anti-factor H antibodies. Three other patients had a
heterozygous deletion of CFHR1 without anti-factor H antibod-
ies. No patient had a CFH or MCP haplotype, usually increased
in atypical haemolytic uraemic syndrome (HUS).

Five patients (31%) were admitted to an intensive care unit.
Renal replacement therapy (RRT) was required for three
patients (19%). IFN-$ was discontinued in all cases and was fol-
lowed by a rapid decrease of UPCR level (Figure 3A). IFN-f dis-
continuation was delayed in two patients whose course had
been remarkable for a gradual increase in protU until ultimate
drug discontinuation, after which a prompt and complete re-
duction of protU was observed (Figure 3B). Fifteen patients (94%)
received a renin-angiotensin-aldosterone system (RAAS) inhibi-
tor. Other therapies included steroids in seven (44%) patients,
plasma exchanges in four (25%) or eculizumab in two (13%).
Biological TMA resolved in all patients after 1week of IFN-B
withdrawal. At the 36-month median follow-up (IQR 23-58)
after IFN-p discontinuation, persistent HT and protU were ob-
served in 10 (63%) and 5 (31%) patients, respectively. The me-
dian UPCR value was 0.3g/g (IQR 0-0.6). The median serum
creatinine level was 134 ymol/L (IQR 88-172), equating with a
median eGFR of 44mlL/min/1.73m? (IQR 32-73). CKD was ob-
served in 11 patients (69%): Stage 3A in 2 (13%), Stage 3B in 6
(38%) and Stage 4 in 3 (19%). No patient required RRT. No patient
died during the inaugural clinical phase. A 64-year-old woman
with Stage 4 CKD died of an unknown cause after a 131-month
follow-up.

We next investigated potential risk factors of TMA develop-
ment under IFN-f: the statistical analysis using the
Médic’AM database is summarized in Table 4. The occurrence of
IFN-p-associated TMA was significantly associated with Rebif,
with a weekly dose >50 ug and with multiple weekly injections.
Avonex(Biogen, Cambridge, MA, USA) was the most prescribed
IFN- 8, but none of our patients received this treatment.

Patients with isolated FSGS

Only two patients (11%) presented with FSGS lesions without
TMA lesions. These were two non-obese women in their 30s
who had been treated with IFN-p1a (Rebif) for 24 and 36 months,
respectively. One was of African ancestry, with an unknowna-
polipoprotein L1 status and a medical history of Graves’ disease.
Both women developed sudden-onset NS with protU >5 g/g and
albuminaemia <15 g/L, without HT and with an eGFR of 110 and
48 mL/min/1.73m?, respectively. The kidney biopsies showed

Table 4. Comparison of the type and dosage of IFN-f in patients with
TMA and in all patients treated in France

Patients
Treatment with TMA Patient-years®
information (N=16),n(%) (N=15801),n(%) P-value

Type of IFN-$

IFN-p1a 12 (75) 13607 (86) 0.28
Avonex 0(0) 8538 (54) <0.001
Rebif 12 (75) 3975 (25) <0.001
IFN-p1b

Betaferon 4(25) 1847 (12) 0.13

Dosage

>1 injection/week 16 (100) 6169 (39) <0.001
>50 ng/week 16 (100) 6156 (39) <0.001

2Treated in France, estimated with the Médic’AM database from 2012 to 2017.

typical lesions of FSGS with an NOS variant in one case and a
Tip lesion variant in the other. The extensive investigations
revealed no other cause of FSGS. Despite an immediate discon-
tinuation of IFN-p and introduction of RAAS inhibitors, NS per-
sisted in both patients after 1- and 3-month follow-ups,
respectively. Each patient required steroids (1 mg/kg/day for one
and 0.5mg/kg/day for the other) in combination with an immu-
nosuppressive drug, cyclosporine for one and rituximab (4 infu-
sions of 600mg by week for 1month) for the other, to obtain
complete remission of NS at 24- and 12-months follow-up, re-
spectively. None of the patients showed reduced kidney func-
tion at the end of follow-up.

DISCUSSION

We report here, to our knowledge, the largest series to date of
18 cases of biopsy-proven IFN-g-associated nephropathy. The
occurrence of nephropathy during IFN-§ therapy is a rare event,
as only 14 cases have been reported to the French pharmacovi-
gilance database (Supplementary data, Table S4). The onset of
HT and/or protU >1g/g was a near-constant feature shared by
all patients. Other salient clinical manifestations included re-
duced renal function, biological TMA and malignant HT.
Remarkably, the pathological features were restricted to two
patterns: arteriolar and/or glomerular TMA and FSGS. In some
patients (n=5) we observed concomitant TMA and FSGS lesions.
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A renal biopsy allows for the characterization of unsuspected
lesions based on the clinico-biological presentation. Indeed,
typical biological hallmarks of TMA were not systematically ob-
served in patients with TMA lesions, which were ultimately
ascertained by pathological examination (n=5). As observed in
patients with TMA occurring under anti-VEGF therapy [34] in
our cohort, a protU >3 g/g was not associated with the presence
of FSGS lesions. We found that 75% of patients with protU >3 g/
g exhibited TMA lesions on renal biopsy examination.

A dose-dependent effect of IFN-8 has been suggested as a
key factor associated with renal disease development [18, 40].
Consistent with this hypothesis, in our study, all patients devel-
oping an IFN-p-associated nephropathy received a dose >50 pg/
week over >2years, with a maximum of 15years for one pa-
tient. In addition, data on type I IFN-associated TMA suggest
that the duration of exposure before TMA is significantly longer
with IFN- 8 therapy compared with IFN-o therapy [40].

Early discontinuation of IFN-f seems to be essential.
Sustained therapy results in a gradual increase of the protU
level and worsening of renal function, as observed in two
patients. In contrast, IFN-$ discontinuation was associated with
a rapid decrease of protU and resolution of biological TMA.
Specific treatments were used depending on the context.
Plasma exchanges and eculizumab were commonly used in
patients with severe TMA and organ involvement, whereas im-
munosuppressive agents were used in patients with isolated
FSGS. We could not determine the effects of these specific treat-
ments because of the retrospective design of our series and the
limited sample size of treated patients.

In light of this study, IFN-p-associated nephropathies can be
divided into two groups according to clinical, biological and his-
tological data. TMAs (n=16) with or without associated FSGS
lesions represent the predominant pathological entity, as op-
posed to isolated FSGS, which involved only a minority of
patients (n=2). Patients with TMA with or without FSGS lesions
had HT in the foreground, often severe or malignant. These
patients usually presented with high protU, commonly >3 g/g
without hypoalbuminaemia. In this group, the remissions of
protU and TMA were rapid once IFN-p was discontinued. In con-
trast, patients with isolated FSGS were characterized by an
oedematous syndrome of abrupt onset caused by marked NS
with massive protU and severe hypoalbuminaemia. In addition
to IFN-p therapy discontinuation, these patients required im-
munosuppressive therapy to obtain complete remission, which
was observed after several months of follow-up.

These two distinct clinico-pathological pictures emphasize
potential pathophysiological mechanisms, namely primary
podocyte injury in isolated FSGS and primary endothelial in-
volvement in TMA. In patients with overlapping TMA and FSGS
lesions, it may be assumed that there is a common insult to
both podocyte and endothelial cells. It has previously been
shown that FSGS may be a complication of TMA itself, possibly
via an ischaemic mechanism [41]. We therefore suspect that
FSGS may in fact occur subsequent to endothelial injury in IFN-
p-associated nephropathies, akin to other diseases causing
TMA. Other drugs, such as calcineurin inhibitors, sirolimus and
anti-VEGF molecules [34], have been shown to induce either
TMA or FSGS.

The pathophysiological processes involved in TMA occur-
rence under IFN-f therapy remain unknown. An autoimmune
phenomenon with the onset of auto-antibodies such as anti-
phospholipid or anti-ADAMTS13 has been postulated [6, 12, 16].
However, in this study, no cases of anti-phospholipid antibody
syndrome or thrombotic thrombocytopenic purpura were

identified. The occurrence of a complement-dependent HUS
triggered by IFN-f, revealing underlying genetic abnormalities
affecting the complement system, has been reported in only
one clinical case [21]. IFN-$ may well be the triggering factor re-
vealing genuine complement-dependent HUS, but such a sce-
nario did not account for any of the cases described here.

It has been suggested that only some IFN-$ formulations
specifically favour the onset of TMA. We found that the new for-
mulation of Rebif, marketed in 2007, coincides with an increase
in reported TMAs [20, 42]. This hypothesis seems to be con-
firmed by our series since there was a significant association be-
tween the occurrence of TMA and treatment with Rebif.

A British team [18] has demonstrated the direct toxicity of
type I IFNs on the endothelium using transgenic mice overex-
pressing type I IFN. Brain biopsies of these mice showed dose-
dependent histological TMA. After invalidation of the IFN-o/p
receptor (IFNAR) gene, such abnormalities were no longer found,
suggesting the existence of direct IFN toxicity. However, these
data do not explain the pathophysiological mechanisms in-
volved in the genesis of TMA. One of these mechanisms may be
mediated through the VEGF signalling pathway since type I
IFNs are known to inhibit VEGF [12]. An in vitro study [32]
showed that proliferation and survival of human umbilical vein
endothelial cells were reduced with dose-dependent IFN-g.
Taken together, these results argue for a direct effect of IFN-8
on endothelial cells that could be mediated by inhibition of
VEGF-induced angiogenesis, in turn eliciting TMA lesions.

The mechanisms leading to FSGS in patients exposed to IFN-
p are unknown. However, podocytes are known to express
IFNAR and its signalling pathway is activated in lupus and
virus-induced nephropathies [43-45]. The majority of previously
reported cases of IFN-f-induced FSGS occurred in African
American patients. In this context, polymorphism of the APOL1
gene, known to be a cause of FSGS, could be involved [28, 46]. In
our series, we were unable to confirm this point.

CONCLUSION

Since HT and/or increased protU and/or renal function impair-
ment seem to be the features of biopsy-proven IFN-$-associated
nephropathy, blood pressure measurement and protU and cre-
atinine assessment should be systematically monitored in the
medical care of patients receiving IFN-A. Our data suggest that
renal disease occurs after prolonged treatment, usually
>12months. Because the clinical manifestations may be dispa-
rate, renal biopsy remains crucial to determine underlying renal
lesions: TMA is the predominant pathological finding, followed
by FSGS, with overlapping patterns in some patients. Early IFN-
B discontinuation seems to be essential and associated with a
partially favourable renal outcome. IFN-$-associated kidney dis-
eases display similar clinical features to anti-VEGF therapy-re-
lated kidney diseases, suggesting a common molecular
mechanism that may involve inhibition of the VEGF signalling
pathway.
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