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Introduction: Connective tissue diseases, including systemic sclerosis and idiopathic inflammatory my-
opathies (IIMs), are a very rare cause of thrombotic microangiopathies (TMAs). Whether dysregulation of
the complement pathways underlies these secondary forms of TMA and may be targeted by complement
blocking agents remains elusive.

Methods: Kidney pathology and outcomes of 18 critically ill patients with TMA related to inflammatory
myopathy flare-up (IIM, n=7) or scleroderma renal crisis (SRC, n=11; biopsy n=9) are assessed.

Results: IM-TMA is characterized by acute thrombotic lesions only, whereas SRC-TMA patients also
harbored chronic vascular lesions and more interstitial fibrosis. C5b9 deposits, a marker of complement
component 5 (C5) cleavage, were observed in the 2 subgroups at the junction of media and intima of
arterioles, colocalizing with subendothelial edema. Thus, kidney biopsy distinguished between acute and
chronic renal phenotypes that may help to individualize treatment. Treatment of IIM-TMA patients with
combined full-code organ support, corticosteroids, B-cell depletion, and complement C5 blocking led to 1-
year survival of 72%, compared with 19% in historical cohorts. Treatment of SRC-TMA was more heter-
ogenous and relied on conversion enzyme inhibitor only or with eculizumab (n=6) and immunosuppressor
(n=5). One-year survival of SRC-TMA patients was 52%, a result similar to historical cohorts. Eculizumab
was followed by a rapid dramatic improvement of TMA in all the treated patients.

Conclusion: C5 blocking may reverse hematologic abnormalities in IIM- and SRC-TMA, and adding an
early and aggressive immunosuppressive regimen may improve the survival of IIM-TMA. Underlying
chronic vascular and interstitial lesions mitigate renal response in SRC-TMA.
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However, the role of complement in secondary HUS re-
mains elusive.’

Connective tissue diseases (CTDs) are a group of
heterogeneous autoimmune diseases characterized by
overlapping clinical symptoms, and include systemic
sclerosis (SSc), IIM, Sharp syndrome and antisynthetase
syndrome. In patients with SSc, standard immuno-
suppressive regimens often give disappointing results
with the exception of autologous hematopoietic stem
cells transplantation. Some success has also been re-
ported for intravenous pulses of cyclophosphamide
that may improve organ outcomes in a subset of pa-
tients.” In contrast, most mildly to moderately ill IIM
patients respond to immune modulation with cortico-
steroids, intravenous immunoglobulin, methotrexate,
rituximab or cyclophosphamide, but frequently with a
delayed response.”

CTD is the cause of 1% to 2% of TMA/HUS,” but
accurate description of this very rare association re-
mains scarce precluding individualized and optimal
management. Among CTD-related TMA, SRC was the
most frequently described. SRC is characterized by
severe hypertension with features of TMA and rapidly
progressive renal failure related to vascular lesions
(fibrointimal sclerosis with lumen narrowing). In SRC,
converting enzyme inhibitors may halt the progression
of renal failure but no immunosuppressive regimen
significantly alters the prognosis.® Steroids can even
induce or worsen the prognosis of SRC patients. The
role of complement in scleroderma is still elusive but
eculizumab, a C5-blocking agent, has emerged as a
potential treatment of refractory SRC-TMA.” '

We and others also previously reported single cases
in whom eculizumab reversed IIM-TMA, """ suggest-
ing that targeting complement may improve the
otherwise poor prognosis of this disease.'” However,
because CTD flare-up can lead to concomitant TMA and
disease-specific systemic disorders (for instance, inter-
stitial lung disease-related respiratory failure and
myocarditis), their management in the setting of
intensive care unit remains challenging and deserves
further attention.

In this study, we aimed to characterize the presen-
tation and outcome of CTD-related TMA and to high-
light the role of complement activation and the validity
of the use of complement-blocking agents in this rare
and life-threatening association.

METHODS

In this retrospective study, we included all the adult pa-
tients with CTD referred to the Department of Nephrology
and Organ Transplantation for TMA between January
2013 and June 2020. Patients with immune TTP or Shiga
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toxin—dependent HUS were excluded. The investigation
conforms to the principles outlined in the Declaration of
Helsinki. According to French law on ethics and the
Institutional Review Board of the Toulouse University
Hospital (Direction de la Recherche Clinique et de 1'In-
vestigation), patients were informed that their codified
data will be used for the study.

Diagnosis of TMA relied on the association of me-
chanical hemolytic anemia (undetectable haptoglobin,
more than 1% of schistocytes, and elevated serum
levels of lactate dehydrogenase), peripheric thrombo-
cytopenia, and negative Coombs test. Because some
patients did not have tissue biopsy, meeting the his-
tologic criteria for TMA was not mandatory.

Diagnostic criteria for CTD relied on the 2017 (IIM) and
2013 (SSc) EULAR/ACR classifications. Clinical data
included demographic profile and routine clinical and
laboratory findings that were obtained from medical
records.

Processing of renal biopsies included light micro-
scopy and immunofluorescence. For light microscopy,
all cases were stained with hematoxylin and eosin,
periodic acid-Schiff, Masson trichrome, and Jones
methenamine silver. For immunofluorescence, 0.3-lUm
cryostat sections were stained with polyclonal anti-
bodies to IgG, IgM, IgA, C3, Clq, C5b9, kappa, lambda,
fibrinogen and albumin-FITC (rabbit, polyclonal; Agi-
lent, Santa Clara, CA).

Continuous variables are expressed as medians and
ranges and compared with the Mann-Whitney test.
Discontinuous variables are expressed as numbers and
percentages and compared with the Fisher exact test.

RESULTS

Over the 7 years of inclusion period, 18 patients with a
diagnosis of IIM or SRC-TMA were referred to our
intensive care renal unit: 7 had IIM (antisynthetase
syndrome, n=4; overlap syndrome, n=1; dermatomy-
ositis, n=2) and 11 had SSc (Table 1). Diagnosis of the
CTD preceded TMA in 8 (44%) patients. Acute organ
involvement included myocarditis (n=7, 39%) or
pericardial effusion (n=2, 11%), interstitial lung dis-
ease (n=11, 61%), or acute kidney injury KDIGO stages
2-3 (n=18, 100%). Renal replacement therapy and
mechanical ventilation were required in 10 (61%) and 6
(28%) patients, respectively. At the admission, the
median simplified acute physiology score SAPS2 was 30
(interquartile range [IQR] 19-50) (no difference be-
tween IIM and SSc patients). Systolic pulmonary artery
pressure was measured in 17 patients (cardiac ultraso-
nography) and was higher than 30 mm Hg in 7 pa-
tients, including 5 who subsequently received
eculizumab (median 70 mm Hg [IQR 35-77]).
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Table 1. Characteristics and outcomes of 18 critically ill patients with scleroderma renal crisis— or idiopathic inflammatory myopathies—

thrombotic microangiopathy

Organ
support Kidney biopsy Treatments Follow-up
Age, Acute/chronic vascular  C5b9 Length,
Gender yr Immune disease (antibodies) Organ involvements MV RRT lesions deposits Specific Additional d RRT Alive
F 42 Antisynthetase (anti-PMScl) Lung, heart, joints, skin No No Yes/No Yes Eculi, Cst — 75 No No
F 62 Antisynthefase (anti-PMScl) Lung, PHT, joints, skin, No No Yes/No Yes RTX, Eculi, — 500 No Yes
muscles Cst, CEl
F 64 Antisynthetase (anti-PL12) Lung, PHT, Raynaud No Yes Yes/No NA RTX, Eculi, Cst 10 PEx 1425 Yes Yes
M 59  Antisynthetase (anti-PMSCI, anti-DNA, anti- Lung, hear, joints,  Yes Yes Yes/No NA RTX, CYC, Cst 17 PEx, IVig 2389 Yes Yes
SSA, anti-CCP) muscles, skin TCZ (MAS)
B 59 Dermatomyositis (paraneoplastic; Muscles, skin No Yes Yes/No Yes RTX, Eculi, Cst 7 PEx 473 Yes Yes
seronegative)
F 19 Dermatomyositis (seronegative) Heart, joints, muscles, Yes Yes Yes/No None  RTX, Eculi, Cst 4 PEx 905 No Yes
skin
F 67 Sharp syndrome (anti-U1-RNP) Lung, muscle, skin ~ Yes Yes Yes/No None  RTX, Eculi, Cst 2 PEx 37 Yes No
TCZ (MAS)
F 73 Scleroderma (anti-TRIM21, anti-RNAPolI3) Lung, heart, muscle  Yes Yes NA NA RTX, Eculi, Cst 2 PEX 19 Yes No
M 57 Scleroderma (antitopoisomerase) Skin, joints No Yes NA NA Bosentan, CEl — 195 Yes No
M 80 Scleroderma (anti-RNAPoI3) Lung, skin, gut Yes Yes Yes/Yes NA RTX, Eculi — 29 Yes No
F 44 Scleroderma (anti-RNAPol3) Heart, skin, joints Yes No Yes/No Yes (mild)  Eculi, CEl — 58 Yes No
F 38 Scleroderma (anficentromeres, anti-RNAPoI3) Liver, skin No No Yes/Yes NA CEl — 1022 No Yes
F 76 Scleroderma (antitopoisomerase) Lung, heart, joints No Yes Yes/No NA CEl PEX, Cst, Efop. 33 Yes Yes
(MAS)
M 47 Scleroderma (anti-RNAPoI3) Lung, joints, skin No No Yes/No NA CEl — 2513 No Yes
M 69 Scleroderma (anti-RNAPoI3) Skin No No No/Yes Yes CEl — 60 Yes Yes
F 64 Scleroderma (anti-RNAPoI3) Lung, heart, skin No No Yes/Yes Yes CYC, Eculi, — 210 No Yes
CEl
B 80 Scleroderma (anti-RNA-Pol3) Heart, skin No Yes Yes/Yes Yes (mild) RTX, Eculi, CEl 4 PEX 300 Yes Yes
F 43 Scleroderma (antifilaggrin) Heart, skin No No Yes/No NA CYC, Eculi, — 30 No Yes
CEl

CEl, converting enzyme inhibitor; Cst, corticosteroids; CYC, cyclophosphamide; Eculi, eculizumab; Etop., etoposide; F, female; M, male; MAS, macrophage activation syndrome; MV,
mechanical ventilation; PEx, plasma exchange; PHT, pulmonary hypertension; IVlg, intravenous immunoglobulin; RRT, renal replacement therapy; RTX, rituximab; TCZ, tocilizumab.

Median hemoglobin level and platelet counts were 94
(IQR 7-13.9) g/l and 99 x 10’ (IQR 49-221)/mm’,
respectively. All patients had undetectable haptoglobin
and schistocyte counts greater than 1%. No patient had
ADAMTSI13 deficiency and neither circulating anti-
ADAMTSI13 IgG, ruling out immune TTP. Search for
anti—factor H antibodies was negative and, in 2 patients,
molecular screening by next-generation sequencing
ruled out pathogenic variations in the genes coding for
proteins regulating the alternative complement pathway
(C3, CFI, and CFH genes). At admission, serum levels of
complement C3, C4, or both were decreased in 4 patients.
Serum level of Clq was not available.

Kidney Pathology

A kidney biopsy was obtained in 16 patients (IIM-
TMA n 7/7, SRC-TMA n 9/11; Figure 1 and
Table 1) and showed common features but also striking
differences between IIM- and SRC-TMA. Moderate to
severe arteriolosclerosis was observed in 5 of 9 SRC-
TMA cases (55%), compared with 0 of 7 in IIM-TMA
(0%) (P = 0.04). Proliferative endarteritis with nar-
rowing of the vascular lumen was observed in only 1
SRC patient. In contrast, acute thrombosis in small and
medium-size arteries were observed in 8 of 9 SRC (89%)
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and 7 of 7 IIM-TMA patients (100%). Mild to frank
C5b9 deposits were observed within the arterioles of 7
of the 9 tested patients (78%) (Figure 1). C5b9 deposits
were located at the junction of media and intima (SRC
4/5, IIM 3/4), where optical examination showed fibro-
intimal edema. C3 deposits were also observed within
the vascular wall in 5 biopsies and within vascular
thrombosis in 4.

Signs of glomerular TMA (thrombosis, capillary wall
thickening, and double contouring of the loop wall)
were observed in 4 of 7 IIM-TMA (57%) and 3 of 8
SRC-TMA patients (38%). Ischemic glomeruli were
seen in all patients. Glomerular staining for IgA, IgG,
IgM, C3, and C5b9 was negative in all patients.
Severity of the glomerulosclerosis was mild to moderate
(median of sclerosed glomeruli 7% [0%—13%]) and
similar in both groups.

Scarring interstitial fibrosis was more severe in SRC-
TMA (median area 15% [0%—20%] vs. 0% [IQR 0%—
5%], P = 0.10). Interstitial inflammation was mild or
absent in all patients.

Treatments
Patients with IIM-TMA received a combination of rit-
uximab (375 mg/m® weekly for 4 weeks) plus
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Figure 1. Kidney pathology in scleroderma renal crisis (SRC)- or idiopathic inflammatory myopathy (IIM)-thrombotic microangiopathy (TMA).
(a—c) SRC-TMA: (a) Masson trichrome staining; proliferative endarteritis with narrowing of the vascular lumen (arrow). (b) Masson trichrome
staining; area of interstitial fibrosis (patchy fibrosis). (c) C5b9 deposits (brown coloration) around tubules and at the intima-media junction
(arrow). (d—f) SRC-TMA: (d, e) Masson trichrome staining; subendothelial edema (arrow). (f) C5b9 staining showing deposits at the intima-media
junction. (g—i) IM-TMA (seronegative dermatomyositis): (g) Masson trichrome staining. (*Arteriolar thrombosis.) (h) Masson trichrome staining;
ischemic glomeruli. (i) C5b9 staining (arrow) shows deposits at the intima-media junction.

eculizumab (n = 5), eculizumab plus converting
enzyme inhibitor (n = 1) or cyclophosphamide plus
plasma exchanges (n = 1). Five patients who received
eculizumab also had 2 to 10 plasma exchanges before
infusion. In addition, all patients received glucocorti-
coids (1-2 mg/kg/d) and 2 patients received the IL6-R
inhibitor tocilizumab (8 mg/kg once) during their
hospitalization because of secondary hemophagocytic
syndrome.

Treatments of the 11 patients with SRC combined
converting enzyme inhibitor (n = 9), eculizumab (n = 6),
plasma exchange (7 = 2), corticosteroids (n = 1), ritux-
imab (7 = 2), cyclophosphamide (n = 2), or bosentan
(n = 1). One patient also received corticosteroids and
etoposide because of hemophagocytic syndrome.

Eculizumab was given at a dose of 900 mg once
weekly for 4 weeks then followed by 1200 mg
bimonthly.

In patients surviving to the TMA episode, eculizu-
mab was pursued until TMA remission and for a
minimal length of 4 weeks. Owing to its retrospective
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nature, the timing of eculizumab was not standardized
(median number 6 pulses [IQR 1-14] over a median time
of 2 months [IQR 0.5-5.5]). All patients receiving
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Figure 2. Survival curves in 18 patients with scleroderma renal
crisis— or idiopathic inflammatory myopathy-thrombotic micro-
angiopathy. IIM, idiopathic inflammatory myopathies; SRC, sclero-
derma renal crisis.
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eculizumab also received prophylaxis with ceftriaxone
for 1 month and antipneumococcal and anti-
meningococcal vaccine. Cotrimoxazole was also pro-
posed to all patients receiving cyclophosphamide or
long-term corticosteroids.

Outcomes

At month 12, survival was 52% in SRC-TMA compared
with 72% in IIM-TMA (P = 0.43; Figure 2). Causes of
death were infection-related multiorgan failure in 2
patients and cardiac arrest related to refractory TMA or
interstitial lung disease-related respiratory failure in 2
and 1, respectively. Three of the 5 patients who
required mechanical ventilation at the admission ulti-
mately died.

Median time from the admission to the first pulse of
eculizumab was 5 days (IQR 1-20) in IIM-TMA pa-
tients. Eculizumab was followed by normalization of
haptoglobin and dramatic rise of platelets in the 7 days
following administration (Supplementary Figure S1),
except in 1 patient with concomitant macrophage
activation syndrome. In 2 patients, eculizumab was also
followed by rapid improvement of a severe Raynaud
syndrome, formerly resistant to plasma exchanges. In 1
patient, TMA relapsed 21 days after the initiation of
eculizumab and subsequently led to cardiac arrest 3
weeks later. Of note, 3 of the 5 patients who survived
to the episode of IIM-TMA reached end-stage kidney
failure at 1 year. In the 3 patients who required me-
chanical ventilation and survived, length of the respi-
ratory support was 6, 37, and 65 days. None developed
progressive lung fibrosis or chronic respiratory failure.

In the 6 SRC-TMA patients who received eculizumab
(median time from admission 6 days [IQR 2-14]), com-
plete normalization of the hematologic parameters was
observed following the administration. One patient
among the 3 who received eculizumab and survived
the SRC-TMA episode ultimately reached end-stage
kidney failure at 1 year. One of the 6 patients who
did not receive eculizumab died (day 195), and 3
reached end-stage kidney failure. Four SRC-TMA pa-
tients received mechanical ventilation and 3 died.

The course of pulmonary hypertension was assessed
in only 5 patients: the systolic pulmonary artery
pressure decreased in 2 of 2 patients who did not
receive eculizumab and in 2 of 3 who received it.

DISCUSSION

In this study, we included severely ill patients with IIM
or SRC and TMA. Organ dysfunction included acute
respiratory failure, cardiac dysfunction or tamponade,
and acute kidney injury. Despite its retrospective design,
our study emphasized several key points for the
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management of critically ill patients with these rare and
life-threatening forms of TMA. Common patterns of C5b9
deposits within arteriolar walls were also identified.

First, 1-year survival of IIM-TMA patients (72%) was
significantly higher in our series compared with previous
cohorts that included patients with polymyositis/
dermatomyositis-TMA (19%)'® or mixed SRC- and IIM-
TMA (57%)."” This increased survival was not
observed in SRC-TMA patients. Most IIM-TMA patients
received a combination of eculizumab (a C5 inhibitor) and
intensive immunosuppressive regimen, including corti-
costeroids and B-cell depletion with rituximab. In a
recent review, Moghadam-Kia et al. discussed the role of
new biologic agents in the management of inflammatory
myopathies and suggested that rituximab and
eculizumab may be wused as salvage therapy or
corticosteroid-sparing agents.” For example, although in a
randomized controlled trial testing rituximab in IIM the
primary outcome was not met, a significant improvement
was observed in patients with refractory disease.'® The
use of eculizumab in IIM also emerged owing to the
identification of the role of C5 cleavage and C5b9 deposits
on the endothelial cells within inflamed muscles.'” Ecu-
lizumab may thus target both complement-dependent
IIM lesions and TMA. Our findings suggest that the
combination of corticosteroids, rituximab, and eculizu-
mab is a promising therapy that could rapidly control the
inflammatory and endothelial processes underlying IIM
flare-up with TMA. By reducing the need of mechanical
ventilation in patients with interstitial lung disease, early
identification of patients with active IIM CTD (i.e., before
the development of TMA) may also improve their global
outcome. In SRC patients, the role of eculizumab is more
controversial. When considering TMA as a primary
endpoint, we observed a complete normalization of he-
matologic parameters following administration of eculi-
zumab, confirming preliminary data.”'’ Improvement
started as soon as day 1 in some patients. The survival
discrepancy between IIM and SRC-TMA could thus be
more related to response of the CTD to immunomodula-
tion rather than response of the TMA.

In the 11 SRC-TMA patients included in this cohort,
renal outcome remains poor (7 patients received RRT at
the end of follow-up), including in patients receiving
eculizumab. Studying kidney biopsies, we observed
that SRC-TMA was characterized by mixed acute
(culminating in arterial thrombosis) and chronic (arte-
riolosclerosis) vascular lesions. This was in sharp
contrast with the findings observed in kidney biopsies
of IIM-TMA patients, in which no chronic vascular
lesions were observed. This finding was unexpected
because chronic vascular lesions and severe hyperten-
sion were frequently reported in a large cohort of IIM
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Figure 3. Proposed treatment algorithm for scleroderma renal crisis— and idiopathic inflammatory myopathy-thrombotic microangiopathy: (a)
methylprednisolone 1 mg/kg/d with progressive tapering; (b) rituximab 375 mg/m? weekly for 4 weeks followed by biannual maintenance doses
according to clinical response; (c) eculizumab 900 mg weekly for 4 weeks followed by 1200 mg bimonthly for 1 to 2 months according to
hematologic and kidney responses. 1IM, idiopathic inflammatory myopathies; SSc, systemic scleroderma; TMA, thrombotic microangiopathy;

TTP, thrombotic thrombocytopenic purpura.

patients published in 2015.”" In this latter study, no

patient had TMA and the immune disease evolved for
several months to years, suggesting that IIM-TMA may
be rather secondary to a flare-up of the immune disease
with subsequent endothelial dysfunction, than related
to a progressive arteriolopathy. This also suggests that
IIM- and SRC-TMA should be distinguished when
studying renal outcomes.

Whereas current therapy may fail to reverse chronic
vascular lesions, acute lesions including TMA may be
targeted by specific treatments. Thereafter, SRC cases
should be divided into narrowly defined SRC and SSc-
associated TMA to individualize its management, as
recently proposed by Yamashita et al.,”' and to improve
the prognosis that remained unfortunately constant over
the last years.” In the present study, we observed a
dramatic improvement of the TMA (i.e., hematologic
parameters) following eculizumab (normalization of
platelets count at day 7 in all but 1 patient) but inconstant
renal and cardiac response, as already reported.'’ In our
opinion, these findings should prompt to test in a larger
cohort of SRC-TMA patients with acute lesions whether
an aggressive treatment combining organ support, early
eculizumab, and immunosuppression (e.g., cyclophos-
phamide) can target the various underlying endothelial,
inflammatory, and immunologic mechanisms and
improve the outcomes of the most severe patients. A
treatment algorithm is proposed in Figure 3.

This study is one of the largest published in the field
but has several limitations, including its retrospective
nature, the small number of patients, the lack of a control
group, and the confounding effects of other treatments.
Response to eculizumab of pulmonary hypertension
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could not be adequately assessed (concomitant fluid
overload, no right heart catheterization, no systematic
monitoring) and will require further characterization.
Especially, TMA may account for pulmonary hyperten-
sion in this setting. Last, the length of eculizumab use
was not standardized in this retrospective study. Given
the deposits of C5b9 within vessels, whether prolonged
C5 blocking, irrespective of TMA activity, may improve
organ outcomes remains to be addressed.

In summary, we showed that IIM-TMA kidney pa-
thology differs from SCR-TMA and that a combination
of B-cell depletion and C5 inhibition may improve the
outcomes of IIM-TMA, even in the most critically ill
individuals (Figure 2). C5 inhibition also controlled
TMA in patients with SRC but the best complementary
immunosuppressive regimen remains unknown.
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