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Abstract

Background and aims: Interferon beta (IFNp) is a well-established first-line therapy
for relapsing-remitting multiple sclerosis (RRMS) patients and remains the most
widely prescribed agent. Atypical hemolytic uremic syndrome (aHUS) represents a
rare but severe adverse effect (AE) that could occur even after many years from the
beginning of IFNp therapy. Eculizumab is currently approved for treatment of aHUS
and recently for neuromyelitis optica spectrum disorder (NMQOSD) with aquaporin-4
antibodies (AQP4-IgG). In this article, we report the case of the latest onset of IFNp-
related aHUS experienced by an MS patient and we briefly review the literature on
this topic.

Methods: We performed a systematic review of the literature using PubMed, and
we performed a retrospective analysis of RRMS patients that received IFNp-1a in
our center and developed thrombotic microangiopathy (TMA). From this search, we
identified only one patient.

Results: In the published literature, we identified 24 MS patients who received IFNp
as disease-modifying treatment (DMT) and then developed thrombotic microangiop-
athy with kidney injury. The aHUS has been diagnosed in 6, all received IFNf-1a and
the latest onset was after 15 years. We report a case of a 39-year-old man affected
by RRMS who assumed IFNB-1a since 1999. In July 2018, he developed an IFNp-
related aHUS. After the failure of plasma exchange, he underwent eculizumab, with
an improvement of glomerular filtration rate and without new signs of MS activity.
Conclusion: To our knowledge, this case represents the latest onset of IFNB-related
aHUS in MS patients. Up to now, there are not literary reports about the possibility

to reintroduce a DMT as add-on therapy to eculizumab.
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1 | INTRODUCTION

Multiple sclerosis (MS) is chronic autoimmune disease of central
nervous system (CNS) characterized by neuroinflammation, myelin,
and axonal damage leading to neurodegeneration and neurological
disability. Although the therapeutic landscape for MS has deeply
changed in the last years, interferon beta (IFNp) has been at the fore-
front of disease management strategies for more than two decades,
being the first drug approved for relapsing-remitting MS (RRMS)
both in the United States and Europe (Zettl et al., 2018).

IFNB has many different immunomodulatory effects: It reduces
the number of dendritic cells and downregulates antigen presen-
tation by antigen-presenting cells both in the peripheral blood and
in the CNS (microglial cells and monocytes); it induces T regulatory
cells; it decreases inflammatory T-cell responses by inhibiting the
stimulation and activation of T cells; it alters the secretion of cyto-
kines and chemokines (Rommer et al., 2019).

Currently, IFNB is available as IFNB-1a (Avonex®, Rebif®), pe-
gylated IFNB-1a (Plegridy®) and IFNB-1b (Betaferon® or Extavia®)
with preparations that differ for route (subcutaneously or intra-
muscular injection) and frequency of administration, which ranges
from every other day/three weekly, to once a week, to biweekly
(Walsh & Johnson, 2019). IFNB-1a most commonly reported ad-
verse effects (AEs) are headache, flu-like syndrome, injection-side
reaction, thyroid disorders, depression, and hepatic injury with
enzyme increase. However, nephrological disorders have been
described, as thrombotic microangiopathy (TMA) (Michailidou
& Wilde, 2019; Walsh & Johnson, 2019), whose most frequent
forms are thrombotic thrombocytopenic purpura (TTP) character-
ized by an insufficient ADAMTS13 activity and hemolytic uremic
syndrome (HUS). Atypical HUS is an unusual form and it is unre-
lated to diarrhea illness. The pathogenetic mechanism underlying
aHUS is not completely understood but the most accredited the-
ory supports the association with an abnormal activation of the
complement pathway (Moake, 2002). This alteration seems to be
a predisposing condition which leads to endothelial dysfunction
and subsequent activation, with intravascular thrombosis when
precipitating factors occur (Wong et al., 2013). In the last years,
some drugs have been identified as triggering factors for second-
ary HUS; in particular, some cases of HUS in association with IFNB
are reported.

Treatment for aHUS is focused on plasma exchange and eculi-
zumab, a humanized monoclonal antibody that prevents the cleavage
of C5-protein in C5a (anaphylatoxin effect) and C5b fragment which
coordinates the formation of cell-killing membrane attack complex
(MAC) (Wong et al., 2013). Eculizumab is the first and the only drug
approved for treatment of aHUS and long-term studies confirm its
efficacy and safety to improve or stabilize renal function (Menne
et al., 2019). Moreover, phase Ill PREVENT Trial (Pittock et al., 2019)
has recently demonstrated that eculizumab significantly reduced the
risk of relapses compared to placebo group in patients with AQP4-
lgG-seropositive NMOSD; this seems to be the same pathogenetic

mechanism of aHUS. Currently, eculizumab is approved in EU,

United States, Canada, and Japan for the treatment of AQP4-IgG-
seropositive NMOSD (Frampton & Lana-Peixoto, 2020).

The aim of this work was to characterize reports of TMA and
aHUS for patients with MS who received subcutaneous (sc) IFNB-1a,
to describe a case of MS patient who developed aHUS after a long
time on IFNB-therapy and to analyze the possibility to restart a dis-
ease-modifying treatment (DMT), after eculizumab therapy.

To our knowledge, our case represents the latest onset of aHUS
on IFNp treatment.

Moreover, in literature only 3 cases of aHUS IFNB-1a induced in
MS patient have been treated with eculizumab, and in none of these
DMT reintroduction was discussed.

2 | METHODS

For internal validity, two researchers performed independently a sys-
tematic review of the literature using PubMed. Our search included
combination of the keyword “multiple sclerosis” with “interferon
beta,” “eculizumab,” “atypical Haemolytic Uremic Syndrome,” and
“thrombotic microangiopathy.” Sixteen articles were found (Allinovi
et al,, 2017; Azkune Calle et al., 2016; Broughton et al., 2011;
Etemadifar et al., 2018; Hansen et al., 2009; Hunt et al., 2014;
Kimura et al., 2011; Larochelle et al., 2014; Mahe et al., 2013;
Manani et al., 2017; Nerrant et al., 2013; Olea et al., 2012; Orvain
et al., 2014; Rubin et al., 2014; Vosoughi & Marriott, 2014; Yam
et al., 2019) and reviewed in full-text form. A descriptive statistic is
provided of the identified cases: Summaries of continuous variables
have been calculated as medians with interquartile ranges (IQR) or
mean and standard deviation (SD); categorical variables have been
presented as frequencies (proportions). Moreover, in our MS Centre,
we performed a retrospective analysis of RRMS patients that re-
ceived IFNB-1a and developed TMA included on the Web platform
of the Italian Multiple Sclerosis Register. From this search, we identi-

fied only one patient.

3 | RESULTS

Inthe published literature, we identified 24 MS patients who received
IFNp as DMT and then developed thrombotic microangiopathy with
kidney injury (Table 1; Allinovi et al., 2017; Azkune Calle et al., 2016;
Broughton et al., 2011; Etemadifar et al., 2018; Hansen et al., 2009;
Hunt et al., 2014; Kimura et al., 2011; Larochelle et al., 2014; Mahe
etal.,2013; Mananietal.,2017; Nerrantetal.,2013; Oleaetal., 2012;
Orvain et al., 2014; Rubin et al., 2014; Vosoughi & Marriott, 2014;
Yam et al., 2019). In 3 of these 24 cases, the kind of INFp used is not
provided; in 4, INFp-1b has been used. Of the remaining 17 cases,
aHUS has been diagnosed in 6, all received subcutaneous IFNf-1a
and the latest onset was after 15 years (Figure 1); 3 of these patients
received eculizumab, and in none DMT reintroduction was pro-
posed. Of the 6 cases of aHUS, 5 were female (83%), the mean age

of aHUS presentation was 39 years (range 32-47) and the onset time
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TABLE 1 Cases of TMA and aHUS occurring in MS patients treated with IFN-beta reported in the literature

Age in years,

Author sex Disease IFNB

Nerrant et al. (2013) 38,F MS 1a

Kimura et al. (2011) 36,F MS 1a

Allinovi et al. (2017) 46,F MS la

Allinovi et al. (2017) 32,F MS la

Allinovi et al. (2017) 34,M MS la

Manani et al. (2017) 48,F MS 1b

Larochelle et al. 47,F MS 1a
(2014)

Orvain et al. (2014) 52,M MS NA

Olea et al. (2012) 37,F MS NA

Mabhe et al. (2013) 38F MS 1a

Hunt et al. (2014) NA MS la

Hunt et al. (2014) NA MS 1a

Hunt et al. (2014) NA MS la

Hunt et al. (2014) NA MS 1a

Larochelle et al. 34,F MS la
(2014)

Larochelle et al. 41,F MS la
(2014)

Azkune Calle et al. 36,M MS la
(2016)

Broughton et al. 53,F MS 1b
(2011)

Etemadifar et al. 25,F MS 1b
(2018)

Rubin et al. (2014) 41,F MS NA

Hansen et al. (2009) 41,F MS, SLE, APS 1a

Vosoughi and 41,F MS la
Marriott (2014)

Vosoughi and 52,M MS 1b
Marriott (2014)

Yam et al. (2019) 57,F MS 1a

Our case 38,M MS 1a

Exposure to Clinical
IFN-beta presentation Treatment DMT
7m aHUS, PRES Steroids, PE NA
3m aHUS Steroids, PE, Dialysis NA
15y aHUS Steroids, PE, NA
eculizumab
11y aHUS PE, eculizumab NA
14y aHUS PE, eculizumab NA
15y aHUS Steroids, PE, NA
eculizumab
11y HUS Steroids, PE GA
Y TTP Steroids, PE, NA
rituximab
5m TMA Steroids NA
Sy TMA NA NA
8y TMA Dialysis NA
6y TMA Dialysis NA
10y TMA NA NA
6y TMA Dialysis NA
14m TMA Steroids, PE, NA
vincristina,
rituximab
Sy TMA, PRES PE, Dialysis NA
9y TMA Steroids, PE NA
NA TMA NA NA
2y TMA Steroids, PE GA
10y TMA, PRES NA NA
NA TMA, Steroids, PE, NA
cyclophosphamide,
mycophenolate
11y TMA, PRES NA NA
14y TMA PE, Dialysis NA
20y TMA NA TF
18y aHUS PE, eculizumab DMF

Abbreviations: aHUS, atypical hemolytic uremic syndrome; APS, antiphospholipid syndrome; F, female; GA, glatiramer acetate; M, male; m,
months; MS, multiple sclerosis; NA, not available; PE, plasma exchange; SLE, systemic lupus erythematosus; TF, Teriflunomide; TMA, thrombotic

microangiopathy; vy, years.

ranged from 3 months to 15 years with a median of 11 years. Here,
we describe a clinical case of a 38-year-old man diagnosed according
to Poser's criteria (Poser et al., 1983) with RRMS in 1998 and treated
with IFNB-1a from 1999, at first 22 mcg, then 44 mcg. His medical
and family history was unremarkable.

INFB therapy was well tolerated, except for flu-like symptoms,

well managed with paracetamol. He was clinically stable with an

Expanded Disability Status Scale (EDSS) of 1.5. Two weeks before
the admission to our hospital, he presented a history of asthenia and
remitting fever; therefore, he discontinued therapy with IFNp by
himself. Then, he came to the emergency department with blurred
vision, confusion and speech disorder and he showed severe hyper-
tension, increased lactic dehydrogenase values (1,299 U/L), creat-

inine values (2.73 mg/dl), and decreased hemoglobin (6.5 g/dl) and
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platelets (57,000 cell/mm°®). He underwent brain MRI that showed
signs of vasogenic edema in parietal-occipital lobes and brainstem
like in atypical posterior reversible encephalopathy syndrome.
Therefore, he was admitted to our neurological department, started
strong antihypertensive therapy, and his anemia was corrected with
blood cell transfusion. Microbiological and autoimmune studies on
plasma and CSF, including antinuclear antibodies, were negative,
just as direct Coombs test and ADAMTS13 activity. The presence
of schistocytes on blood smear confirmed the hypothesis of HUS,
and we suspected an atypical form for the lack of a previous his-
tory of diarrhea and the absence of fecal Shiga toxin. This hypothesis
was finally supported by kidney biopsy. Visual symptoms, confusion,
and radiological signs at brain MRI progressively improved and then
plasma exchange (PE) was rapidly started. He underwent 9 sessions
of PE, but for the persisting of severe renal failure, he started ecu-
lizumab, at a dosage of 900 mg iv weekly for 4 weeks, followed by
1,200 mg every 2 weeks. After one year and a half of follow-up,
the patient still receives eculizumab, showing stable conditions, with
persistent mild CKD, well-controlled BP, and no clinical and/or radio-
logical MS relapses.

4 | DISCUSSIONS

Despite the therapeutic landscape of DMTs for MS is actually wide,
not all countries in the world have the same accessibility to the DMTs
and IFNp remains one of the most frequently prescribed agents with
long-term safety data. Therefore, it is important to underline also its
rare AEs in real-life settings, as aHUS, and their exact onset time,
which can sometimes be longer than expected (Alonso et al., 2019;
Confavreux, 1993).

Complement system represents a feature of innate immunity
and is composed by circulating precursor zymogens and mem-
brane expressed proteins that can be activated by three different
ways. Complement activation has been demonstrated in both acute

and chronic MS lesions and nowadays, it is well established that

T

200

aHUS onset

FIGURE 1 Timing of aHUS onset
and duration of eculizumab treatment
eventually started

# Duration of IFN B 1 a treatment

% Treatment with Eculizumab

1 Months
250

antibody- and complement-mediated myelin phagocytosis as well
as C5b-9-mediated lysis are involved in demyelination processes in
MS and particularly in pathogenetic mechanism of NMOSD (Breij
et al., 2008; Hemmer et al., 2015; Ingram et al., 2014; Lucchinetti
et al., 2000; Tatomir et al., 2017).

In this setting, we may hypothesize that eculizumab could express
a protective action against both renal and myelin damage, preserving
the clinical and radiological course of patient's disease activity after
IFN therapy discontinuation. The clinical case presented shows the
occurrence of aHUS after 18 years of IFNB-1a-treatment, and to our
knowledge, it is the latest onset presented in literature; moreover,
this suggests that the effect of IFNB on the kidney function reflects
a cumulative damage according to the most cases reported in litera-
ture (Mahe et al., 2013; Manani et al., 2017).

Finally, after more than one year of treatment with eculi-
zumab, we wondered if it was necessary to reintroduce a DMT
and we thought to DMF considering its benefit/risk ratio (Mills
et al., 2018; Rommer et al., 2019). In particular, we have consid-
ered the safety profile of DMF and its mechanism of action: DMF
seems to have protective effect against oxidative stress through
the activation of nuclear factor erythroid 2-related factor 2 (Nrf2)
pathway, restoring an oxidative homeostasis. Therefore, in case
of kidney injury, as aHUS, in the context of autoimmune disease
like MS we can deduce that DMF could also have protective ef-
fect on the kidney from oxidative stress (Schmidlin et al., 2020).
Moreover, a recently published experimental model has pointed
out DMF protection potential against renal ischemia/reperfu-
sion insult (Ragab et al., 2020). In conclusion, aHUS could occur
in RRMS patients treated with IFNp even after several years of
treatment with IFNf-1a, suggesting how vigilance on this rare AEs
can never be forgotten. Current evidence supports the efficacy
of eculizumab as a first-line therapy in patients with aHUS and
treatment with eculizumab should be started as soon as possible
(Zuber et al., 2012). However, up to now, there is no literary report
about the possibility to reintroduce a DMT and which ones are

more suitable as add-on therapy to eculizumab.



PARISI ET AL.

CONFLICT OF INTEREST

No potential conflict of interest was reported by M.P., AM,, F.C.,
and M.T; D.P. has served on scientific Advisory Boards for Biogen,
Novartis, Roche, Merck, and Genzyme; has received speaker hono-
raria from Biogen Idec, Merck, Roche, Teva, Sanofi-Genzyme, and
Novartis; and has received research grants for her Institution from
Biogen Idec, Merck, Roche, and Novartis. D.P. received advisory
board membership, speaker's honoraria, travel support, research
grants, consulting fees, or clinical trial support from Almirall, Bayer
Schering, Biogen, Celgene, Excemed, Genzyme, Merck, Mylan,

Novartis, Sanofi, Roche, and Teva.

AUTHOR CONTRIBUTION

M. Parisi collected clinical data, conceived and drafted the manu-
script, and created the table; A. Manni drafted the manuscript, de-
signed the figure, and revised the literature, F. Caputo revised the
literature and the manuscript in its final version, M. Trojano revised
the manuscript, figure and table, D. Paolicelli supervised the work
and revised the final version. All authors discussed the results and
contributed to the final manuscript.

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1002/brb3.1930.

ORCID

Damiano Paolicelli https://orcid.org/0000-0002-8645-1763

REFERENCES

Allinovi, M., Cirami, C. L., Caroti, L., Antognoli, G., Farsetti, S., Amato,
M. P.,, & Minetti, E. E. (2017). Thrombotic microangiopathy induced
by interferon beta in patients with multiple sclerosis: Three cases
treated with eculizumab. Clinical Kidney Journal, 10(5), 625-631.
https://doi.org/10.1093/ckj/sfw143

Alonso, R., Contentti, E. C., Imhoff, G., Lopez, P. A., Rubstein, A., &
Tizio, S. (2019). Barriers against a successful MS treatment: The
importance of effectiveness beyond efficacy. Multiple Sclerosis
and Related Disorders, 30, 129-135. https://doi.org/10.1016/j.
msard.2019.01.056

Azkune Calle, J. L., Sdnchez Menoyo, J., Ruiz Ojeda, J. C., Moncé, G., &
Etxeguren Urkixo, I. (2016). Case report of thrombotic microangiop-
athy associated with subcutaneous interferon beta-1a: An emerging
complication? Neurologia (English Edition), 31(7), 508-509. https://
doi.org/10.1016/j.nrleng.2014.09.005

Breij, E. C. W, Brink, B. P., Veerhuis, R., van den Berg, C., Vloet, R., Yan,
R., Dijkstra, C. D., van der Valk, P, & Bo, L. (2008). Homogeneity
of active demyelinating lesions in established multiple sclero-
sis. Annals of Neurology, 63(1), 16-25. https://doi.org/10.1002/
ana.21311

Broughton, A., Cosyns, J.-P., & Jadoul, M. (2011). Thrombotic microangi-
opathy induced by long-term interferon-p therapy for multiple scle-
rosis: A case report. Clinical Nephrology, 76(11), 396-400. https://doi.
org/10.5414/CN106523

Confavreux, C. (1993) Multiple sclerosis (Vol. 43(17, pp. 2269-2277).

Etemadifar, M., Sabeti, F., & Salari, M. (2018). Interferon beta-1b-induced
thrombotic thrombocytopenic purpura-hemolytic uremic syndrome
(TTP-HUS) in a patient treated for multiple sclerosis: A case report.
Iran Journal of Neurology, 17(2), 91-94.

Brai . 50f6
rain and Behavior —WI LEYJ—

Open Access,

Frampton, E., & Lana-Peixoto, M. A. (2020). Eculizumab: A review in neu-
romyelitis optica spectrum disorder. Drugs, 80, 719-727 https://doi.
org/10.1007/s40265-020-01297-w

Hansen, T., New, D., Reeve, R., Donne, R., & Stephens, W. (2009). Acute
renal failure, systemic lupus erythematosus and thrombotic micro-
angiopathy following treatment with beta-interferon for multiple
sclerosis: Case report and review of the literature. NDT Plus, 2(6),
466-468. https://doi.org/10.1093/ndtplus/sfp113

Hemmer, B., Kerschensteiner, M., & Korn, T. (2015). Role of the innate
and adaptive immune responses in the course of multiple sclerosis.
The Lancet Neurology, 14(4), 406-419. https://doi.org/10.1016/51474
-4422(14)70305-9

Hunt, D., Kavanagh, D., Drummond, |., Weller, B., Bellamy, C., Overell,
J., Evans, S., Jackson, A., & Chandran, S. (2014). Thrombotic micro-
angiopathy associated with interferon beta. New England Journal
of Medicine, 370(13), 1270-1271. https://doi.org/10.1056/NEJMc
1316118

Ingram, G., Loveless, S., Howell, O. W., Hakobyan, S., Dancey, B.,
Harris, C. L., Robertson, N. P., Neal, J. W., Paul Morgan, B. (2014).
Complement activation in multiple sclerosis plagues: An immunohis-
tochemical analysis. Acta Neuropathologica Communications, 2(1), 53.
https://doi.org/10.1186/2051-5960-2-53

Kimura, T., Inoue, K., Omori, H., Nagasawa, Y., & Isaka, Y. (2011).
Haemorrhagic shock induced by subcutaneous insulin injection. NDT
Plus, 4(1), 79-80. https://doi.org/10.1093/ndtplus/sfq192

Larochelle, C., Grand’'maison, F., Bernier, G. P., Latour, M., Cailhier, J.-F,,
& Prat, A. (2014). Thrombotic thrombocytopenic purpura-hemolytic
uremic syndrome in relapsing-remitting multiple sclerosis patients on
high-dose interferon . Multiple Sclerosis Journal, 20(13), 1783-1787.
https://doi.org/10.1177/1352458514523692

Lucchinetti,C.,Briick,W.,Parisi,J.,Scheithauer,B.,Rodriguez,M.,Lassmann,
H.(2000) Heterogeneity of multiple sclerosis lesions: Implications for
the pathogenesis of demyelination. Annalsof Neurology,47(6),707-717,
10.1002/1531-8249(200006)47:6<707::AID-ANA3>3.0.CO;2-Q

Mahe, J., Meurette, A., Moreau, A., Vercel, C., & Jolliet, P. (2013). Renal
thrombotic microangiopathy caused by interferon beta-1a treatment
for multiple sclerosis. Drug Design, Development and Therapy, 7, 723-
728. https://doi.org/10.2147/DDDT.S542138

Manani, S. M., Virzi, G. M., Gastaldon, F., Proglio, M., Brocca, A., & Ronco,
C. (2017). Brief review and a clinical case of hemolytic uremic syn-
drome associated with interferon p treatment. Blood Purification,
43(1-3), 136-143. https://doi.org/10.1159/000454671

Menne, J., Delmas, Y., Fakhouri, F., Licht, C., Lommelé, A., Minetti, E.
E., Provét, F., Rondeau, E., Sheerin, N. S., Wang, J., Weekers, L. E.,
& Greenbaum, L. A. (2019). Outcomes in patients with atypical he-
molytic uremic syndrome treated with eculizumab in a long-term
observational study. BMC Nephrology, 20(1), 1-12. https://doi.
org/10.1186/s12882-019-1314-1

Michailidou, H.-J.- T., & de Wilde, P. (2019). Annex |. The Internet and
European Integration, 167-172. https://doi.org/10.2307/j.ctvdf
0dxqg.12

Mills, E. A., Ogrodnik, M. A., Plave, A., & Mao-Draayer, Y. (2018).
Emerging understanding of the mechanism of action for dimethyl fu-
marate in the treatment of multiple sclerosis. Frontiers in Neurology,
9, 1-8. https://doi.org/10.3389/fneur.2018.00005

Moake, J. L. (2002). Thrombotic microangiopathies. New England Journal
of Medicine, 347(8), 589-600. https://doi.org/10.1056/NEJMr
2020528

Nerrant, E., Charif, M., Ramay, A. S., Perrochia, H., Patrier, L., de
Champfleur, N. M., Renard, D., Labauge, P. (2013). Hemolytic ure-
mic syndrome: An unusual complication of interferon-f treatment in
a MS patient. Journal of Neurology, 260(7), 1915-1916. https://doi.
org/10.1007/s00415-013-6961-8

Olea, T., Diaz-Mancebo, R., Picazo, M. L., Martinez-Ara, J., Robles, A., &
Selgas, R.(2012). Thrombotic microangiopathy associated with use of


https://publons.com/publon/10.1002/brb3.1930
https://publons.com/publon/10.1002/brb3.1930
https://orcid.org/0000-0002-8645-1763
https://orcid.org/0000-0002-8645-1763
https://doi.org/10.1093/ckj/sfw143
https://doi.org/10.1016/j.msard.2019.01.056
https://doi.org/10.1016/j.msard.2019.01.056
https://doi.org/10.1016/j.nrleng.2014.09.005
https://doi.org/10.1016/j.nrleng.2014.09.005
https://doi.org/10.1002/ana.21311
https://doi.org/10.1002/ana.21311
https://doi.org/10.5414/CN106523
https://doi.org/10.5414/CN106523
https://doi.org/10.1007/s40265-020-01297-w
https://doi.org/10.1007/s40265-020-01297-w
https://doi.org/10.1093/ndtplus/sfp113
https://doi.org/10.1016/S1474-4422(14)70305-9
https://doi.org/10.1016/S1474-4422(14)70305-9
https://doi.org/10.1056/NEJMc1316118
https://doi.org/10.1056/NEJMc1316118
https://doi.org/10.1186/2051-5960-2-53
https://doi.org/10.1093/ndtplus/sfq192
https://doi.org/10.1177/1352458514523692
https://doi.org/10.2147/DDDT.S42138
https://doi.org/10.1159/000454671
https://doi.org/10.1186/s12882-019-1314-1
https://doi.org/10.1186/s12882-019-1314-1
https://doi.org/10.2307/j.ctvdf0dxq.12
https://doi.org/10.2307/j.ctvdf0dxq.12
https://doi.org/10.3389/fneur.2018.00005
https://doi.org/10.1056/NEJMra020528
https://doi.org/10.1056/NEJMra020528
https://doi.org/10.1007/s00415-013-6961-8
https://doi.org/10.1007/s00415-013-6961-8

MWI LEY_Brain and Behavior

PARISI ET AL.

Open Access,

interferon-beta. International Journal of Nephrology and Renovascular
Disease, 5, 97-100. https://doi.org/10.2147/ijnrd.s30194

Orvain, C., Augusto, J.-F., Besson, V., Marc, G., Coppo, P., Subra, J.-F.,
& Sayegh, J. (2014). Thrombotic microangiopathy due to acquired
ADAMTS13 deficiency in a patient receiving interferon-beta treat-
ment for multiple sclerosis. International Urology and Nephrology,
46(1), 239-242. https://doi.org/10.1007/s11255-013-0401-7

Pittock, S. J., Berthele, A., Fujihara, K., Kim, H. J., Levy, M., Palace, J.,
Nakashima, I., Terzi, M., Totolyan, N., Viswanathan, S., Wang, K.-C.,
Pace, A., Fujita, K. P, Armstrong, R., & Wingerchuk, D. M. (2019).
Eculizumab in aquaporin-4-positive neuromyelitis optica spectrum
disorder. New England Journal of Medicine, 381(7), 614-625. https://
doi.org/10.1056/NEJM0a1900866

Poser, C. M., Paty, D. W.,, Scheinberg, L., McDonald, W. |., Davis, F.
A., Ebers, G. C., Johnson, K. P., Sibley, W. A,, Silberberg, D. H., &
Tourtellotte, W. W. (1983). New diagnostic criteria for multiple scle-
rosis: Guidelines for research protocols. Annals of Neurology, 13(3),
227-231. https://doi.org/10.1002/ana.410130302

Ragab, D., Abdallah, D. M., & El-Abhar, H. S. (2020). The dual reno- and
neuro-protective effects of dimethyl fumarate against uremic en-
cephalopathy in a renal ischemia/reperfusion model. Pharmacological
Reports, 72(4), 969-983. https://doi.org/10.1007/s43440-020-
00076-4

Rommer, P. S, Milo, R., Han, M. H., Satyanarayan, S., Sellner, J., Hauer, L.,
llles, Z., Warnke, C., Laurent, S., Weber, M. S., Zhang, Y., & Stuve, O.
(2019). Immunological aspects of approved MS therapeutics. Frontiers
in Immunology, 10, 1-24. https://doi.org/10.3389/fimmu.2019.01564

Rubin, S., Lacraz, A., Galantine, V., & Gosse, P. (2014). Malignant hy-
pertension and interferon-beta: A case report. Journal of Human
Hypertension, 28(5), 340-341. https://doi.org/10.1038/jhh.2013.91

Schmidlin, C. J., Dodson, M. B., & Zhang, D. D. (2020). Filtering through
the role of NRF2 in kidney disease. Archives of Pharmacal Research,
43(3), 361-369. https://doi.org/10.1007/s12272-019-01177-2

Tatomir, A., Talpos-Caia, A., Anselmo, F., Kruszewski, A. M., Boodhoo,
D., Rus, V., & Rus, H. (2017). The complement system as a biomarker
of disease activity and response to treatment in multiple sclerosis.

Immunologic Research, 65(6), 1103-1109. https://doi.org/10.1007/
s12026-017-8961-8

Vosoughi, R., & Marriott, J. J. (2014). Thrombotic microangiopathy in in-
terferon beta treated multiple sclerosis patients: Review of literature
and report of two new cases. Multiple Sclerosis and Related Disorders,
3(3), 321-325. https://doi.org/10.1016/j.msard.2013.12.007

Walsh, P. R., & Johnson, S. (2019). Eculizumab in the treatment of
Shiga toxin haemolytic uraemic syndrome. Pediatric Nephrology
(Berlin, Germany), 34(9), 1485-1492. https://doi.org/10.1007/s0046
7-018-4025-0

Wong, K. S., Goodship, T. H. J., & Kavanagh, D. (2013). Complement
therapy in atypical haemolytic uraemic syndrome (aHUS).
Molecular Immunology, 56(3), 199-212. https://doi.org/10.1016/j.
molimm.2013.05.224

Yam, C., Fok, A., Mclean, C., Butler, E., & Kempster, P. (2019). Interferon-
beta in multiple sclerosis causing thrombotic microangiopathy.
Internal Medicine Journal, 49(2), 274-276. https://doi.org/10.1111/
imj.14204

Zettl, U. K., Hecker, M., Aktas, O., Wagner, T., & Rommer, P. S. (2018).
Interferon p-1a and p-1b for patients with multiple sclerosis: Updates
to current knowledge. Expert Review of Clinical Inmunology, 14(2),
137-1583. https://doi.org/10.1080/1744666X.2018.1426462

Zuber, J., Fakhouri, F., Roumenina, L. T., Loirat, C., & Frémeaux-Bacchi,
V. (2012). Use of eculizumab for atypical haemolytic uraemic syn-
drome and C3 glomerulopathies. Nature Reviews Nephrology, 8(11),
643-657. https://doi.org/10.1038/nrneph.2012.214

How to cite this article: Parisi M, Manni A, Caputo F, Trojano
M, Paolicelli D. A case report of late-onset atypical Hemolytic
Uremic Syndrome during interferon beta in multiple sclerosis:
Open issues in literature review. Brain Behav.
2021;11:e01930. https://doi.org/10.1002/brb3.1930



https://doi.org/10.2147/ijnrd.s30194
https://doi.org/10.1007/s11255-013-0401-7
https://doi.org/10.1056/NEJMoa1900866
https://doi.org/10.1056/NEJMoa1900866
https://doi.org/10.1002/ana.410130302
https://doi.org/10.1007/s43440-020-00076-4
https://doi.org/10.1007/s43440-020-00076-4
https://doi.org/10.3389/fimmu.2019.01564
https://doi.org/10.1038/jhh.2013.91
https://doi.org/10.1007/s12272-019-01177-2
https://doi.org/10.1007/s12026-017-8961-8
https://doi.org/10.1007/s12026-017-8961-8
https://doi.org/10.1016/j.msard.2013.12.007
https://doi.org/10.1007/s00467-018-4025-0
https://doi.org/10.1007/s00467-018-4025-0
https://doi.org/10.1016/j.molimm.2013.05.224
https://doi.org/10.1016/j.molimm.2013.05.224
https://doi.org/10.1111/imj.14204
https://doi.org/10.1111/imj.14204
https://doi.org/10.1080/1744666X.2018.1426462
https://doi.org/10.1038/nrneph.2012.214
https://doi.org/10.1002/brb3.1930

