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Eculizumab and aHUS:
to stop or not
Robert A. Brodsky | Johns Hopkins University

In this issue of Blood, Fakhouri et al1 provide evidence in a prospective phase
4, multicentric, noncontrolled study that discontinuing eculizumab is safe in
most patients with atypical hemolytic uremic syndrome (aHUS) once they
achieve complete remission. Risk of relapse was <25% overall, but as high as
50% in patients with a rare variant in at least 1 complement gene.

aHUS, commonly called complement-
mediated hemolytic uremic syndrome
(CM-HUS), is a thromboticmicroangiopathy
characterized by mechanical hemolysis,
renal impairment, thrombocytopenia, and
preserved ADAMTS13 function.2 CM-HUS
results from complement-mediated dam-
age to the microvascular endothelium.
Kidneys are most vulnerable, but CM-HUS
often affects multiple organs. Roughly 50%
of patients have rare germline variants in
complement genes or autoantibodies (less
common) against complement regulatory

proteins. Penetrance is variable because
clinically significant disease requires a
complement amplifying trigger such as
infection, surgery, pregnancy, cancer, or
autoimmunity.3 Most rare germline vari-
ants occur in genes that regulate the
alternative pathway of complement.
Complement factor H variants are most
common (;25%), followed by variants in
membrane cofactor protein (;10%) and
complement factor I (5%-10%). A small
percentage of patients (5%-10%) have
autoantibodies against factor H; these

patients often have homozygous deletion
of complement factor–related genes. Ac-
tivating mutations that prolong the half-
life of C3 and complement factor B are
also found in up to 5% of patients with
CM-HUS. In 40% to 50% of patients, no
rare variants or autoantibodies are evi-
dent, so absence of a germline variant
does not exclude the diagnosis of CM-
HUS. The diagnosis is established by the
presence of a microangiopathic hemolytic
anemia, thrombocytopenia, and renal in-
sufficiency in a patient with anADAMTS13
of .10% and a negative shiga toxin.

Therapeutic terminal complement block-
ade at the level of C5 (eculizumab or
ravulizumab) changed the natural history
of CM-HUS.4,5 Previously, more than 50%
of patients died or acquired end-stage
renal disease within 1 year of diagnosis;
C5 inhibitors reduce this figure to less than
15%. Clinical improvement is observed
within days to weeks after C5 inhibition,
with most patients achieving a complete
or near complete response after 3 to
6 months of therapy. It is unclear whether
or not indefinite continuation of C5 in-
hibition is necessary for CM-HUS, a par-
ticularly important question, because C5
inhibition increases the patient’s risk for
Neisseria meningitidis6 and costs more
than $600000 US dollars, annually. A few
small retrospective series suggest that
eculizumab discontinuation is safe and
feasible in most patients but that relapse
risk appears to be higher in carriers of rare
complement gene variants7-9 The study by
Fakhouri et al is the first prospective study
of eculizumab discontinuation in patients
with CM-HUS who achieved remission after
eculizumab.

Fakhouri et al studied eculizumab dis-
continuation in 55 patients with CM-HUS
who responded to C5 inhibition. Germ-
line complement variants were present
in 28 (51%) of patients. Remission was
defined by a normal platelet count, the
absence of hemolysis, and (1) a glomer-
ular filtration rate of .60 mL per minute
per 1.73 mm2 using the Schwartz formula
in children and theModification of Diet in

Atypical hemolytic uremic syndrome

Eculizumab

Rare germline variant?
(FH, FI, MCP, C3, FB)

Complete clinical response

NoYes

Risk of relapse moderate ~50%
Consider eculizumab cessation
under close supervision

Risk of relapse low <5%
Discontinue eculizumab

Relapse
Yes No

Resume C5 inhibition Monitor

Relapse
Yes No

Resume C5 inhibition Monitor

Potential algorithm for discontinuing eculizumab in patients who achieve complete remission.

blood® 6 MAY 2021 | VOLUME 137, NUMBER 18 2419

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/137/18/2419/1806516/bloodbld2020010234c.pdf by guest on 08 June 2024

http://www.bloodjournal.org/content/137/18/2438
http://www.bloodjournal.org/content/137/18/2438
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2020010234&domain=pdf&date_stamp=2021-05-06


Renal Disease formula in adults and a
proteinuria/creatinuria ratio,0.05 g/mmol,
or (2) stable kidney function for at least
6 months. During follow-up, 13 (23%) pa-
tients relapsed. In multivariate analysis,
female sex and the presence of a rare
germline complement variant were asso-
ciated with an increased risk for relapse.
Among the 13 patients with relapse,
eculizumabwas restarted, and 1l regained
baseline renal function; 2 worsened, 1 of
whom progressed to end-stage renal
failure. The authors’ conclude that a
strategy of eculizumab discontinuation in
CM-HUS patients based on complement
genetics is reasonable and safe.

This study increases our confidence
about discontinuing eculizumab in most
patients with CM-HUS who achieve re-
mission. No patient without a germline
complement mutation relapsed (1 re-
lapsed patient was subsequently shown to
have inherited ADAMTS13 deficiency);
thus, it is fair to conclude that all patients
with CM-HUS who achieve a complete
remission after C5 inhibition deserve a trial
off therapy, especially if the underlying
complement amplifying condition is well
controlled. Whether this holds for patients
with factor H autoantibodies is unclear
from the present study because there
were too few patients. Another limitation
of the study of Fakhouri et al is the
composition of rare variants. Germline
mutations in factor H are the most com-
mon mutations in CM-HUS, but not in this
study. The most common mutation in
this series was membrane cofactor protein
(43%). Furthermore, the study included
9 patients (16%) who experienced more
than 1 episode of CM-HUS (1 patient was
included twice in the study) before study
entry, potentially biasing the study and
overestimating the relapse rate. Regard-
less, it is apparent that patients who carry
rare germline variants are at greater risk
for relapse, but even these patients have a
relapse rate of 50% or less. Should we
consider offering these patients a trial of
eculizumab discontinuation under careful
supervision? A case for such an approach
could be made because virtually all pa-
tients recovered renal function after
restarting terminal complement inhibition,
but this requires more study (see figure).
Finally, mean follow-up for this study was
less than 18 months. Relapse from CM-
HUS may occur decades later; moreover,
we still do not understand all the late ef-
fects (risk for stroke, myocardial infarction,
etc) that may be associated with CM-HUS

even in the absence of overt relapse.
Whether these late events are common
and whether they can be prevented by
complement inhibition requires future pro-
spective trials.
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C. Haemolytic uraemic syndrome. Lancet.
2017;390(10095):681-696.

3. Gavriilaki E, Brodsky RA. Complementopathies
and precision medicine. J Clin Invest. 2020;
130(5):2152-2163.

4. Legendre CM, Licht C, Muus P, et al. Terminal
complement inhibitor eculizumab in atypical
hemolytic-uremic syndrome. N Engl J Med.
2013;368(23):2169-2181.

5. Ariceta G, Dixon BP, Kim SH, et al. The long-
acting C5 inhibitor, ravulizumab, is effective

and safe in pediatric patients with atypical
hemolytic uremic syndrome naı̈ve to comple-
ment inhibitor treatment [published online
ahead of print 8 December 2020]. Kidney Int.
doi:10.1016/j.kint.2020.10.046.

6. Rother RP, Rollins SA, Mojcik CF, Brodsky RA,
Bell L. Discovery and development of the
complement inhibitor eculizumab for the
treatment of paroxysmal nocturnal hemoglo-
binuria [published correction inNat Biotechnol.
2007;25:1488]. Nat Biotechnol. 2007;25(11):
1256-1264.

7. Ardissino G, Possenti I, Tel F, Testa S, Salardi S,
Ladisa V. Discontinuation of eculizumab
treatment in atypical hemolytic uremic syn-
drome: an update.Am J Kidney Dis. 2015;66(1):
172-173.

8. Merrill SA, Brittingham ZD, Yuan X, Moliterno
AR, Sperati CJ, Brodsky RA. Eculizumab ces-
sation in atypical hemolytic uremic syndrome.
Blood. 2017;130(3):368-372.

9. Fakhouri F, Fila M, Provôt F, et al. Pathogenic
variants in complement genes and risk of
atypical hemolytic uremic syndrome relapse
after eculizumab discontinuation. Clin J Am Soc
Nephrol. 2017;12(1):50-59.

DOI 10.1182/blood.2020010234

© 2021 by The American Society of Hematology

IMMUNOBIOLOGY AND IMMUNOTHERAPY

Comment on Aluri et al, page 2450

TLR8 gain of function:
a tall surprise
Bertrand Boisson1-3 and Jean-Laurent Casanova1-5 | 1Rockefeller University;
2Paris University; 3Imagine Institute; 4Necker Hospital for Sick Children; 5Howard
Hughes Medical Institute

In this issue of Blood, Aluri et al report 6 unrelated male patients who carried
gain-of-function (GOF) variants of the X-linked gene TLR8.1 The patients had
invasive bacterial and fungal infections associated with splenomegaly and
lymphadenopathy. They had an excess of double-negative T cells, abnormal
B-cell maturation, and neutropenia, and some patients had bone marrow
failure.

Human TLR8 is an endosomal type 1
transmembrane protein.2 On binding to
single-strand RNA (ssRNA) viral inter-
mediates or byproducts, it induces the
production of proinflammatory cytokines
and antiviral type 1 interferons (IFNs).
Intriguingly, the mouse orthologue of
TLR8 does not recognize human TLR8
ssRNA ligands, and its function remains
elusive.3 Signal transduction via human
TLR8 is dependent on UNC93B1, MyD88,
and IRAK-4. TLR8 is expressed mostly
on myeloid cells, including neutrophils,

monocytes, macrophages, and conven-
tional dendritic cells (mostly cDC2). Sur-
prisingly, the GOF TLR8 variants do not
seem to underlie a type 1 interferonop-
athy, contrasting with GOF mutations of
genes encoding 3 other viral sensors,
MDA5, RIG-I, and STING, which cause
different forms of type 1 interferonopathy
(see figure).4,5 Instead, GOF TLR8 vari-
ants underlie a series of surprising im-
munological and clinical phenotypes that
raise multiple questions. What is the
mechanism of neutropenia? It could be
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