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Abstract

Deficiency of Complement Factor H Related (CFHR) plasma proteins and Autoantibody Positive Hemolytic Uremic Syndrome
(DEAP-HUS) is a subtype of atypical hemolytic uremic syndrome, known to be associated with significant morbidity. Its
pathogenesis is linked to the production of IgG autoantibodies against complement factor H, a regulator of the alternative
complement pathway. The binding of the autoantibodies to the C terminal of complement factor H interferes with its regulatory
function, leading to increased activation of the alternative complement pathway and consequent endothelial cellular damage.
Early diagnosis and initiation of appropriate therapy is reported to lead to favorable outcomes. Institution of plasma exchange
therapy within 24 h of diagnosis has been shown to rapidly lower antibody levels, leading to clinical improvement. Adjunctive
immunosuppression therapy suppresses antibody production and helps in maintaining long-term clinical remission of the disease.
Available data advocates a treatment regimen that combines plasma therapy (preferably plasma exchange) and immunosuppres-

sion to halt disease process and sustain long-term disease remission.
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Introduction

Hemolytic uremic syndrome (HUS) is a form of thrombotic
microangiopathy (TMA) characterized by microangiopathic
hemolytic anemia, thrombocytopenia, and acute kidney inju-
ry. The atypical form of the disease, aHUS, often refers to the
non-Shiga toxin, non-streptococcal infection—associated
HUS. Up to 60% of cases of aHUS have been linked to un-
controlled complement activation due to either genetic muta-
tions in the alternative complement pathway or the presence of
autoantibodies to complement factor H (CFH) [1, 2].
Autoantibodies to CFH are responsible for approximately
10% of cases [2], although prevalence greatly varies among
countries, with up to 50% in India, 29% in the Korean popu-
lation, and 5-25% in European cohorts [3, 4]. Gene mutations
in the activators or regulators of the alternative complement
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pathway including CFH, membrane cofactor protein (CD46),
factors I and B, C3 convertase components and C3, may occur
[5-8]. Mutations in the thrombomodulin gene have been re-
cently reported to also lead to aHUS [9]. The effect of these
gene mutations on regulatory proteins leads to dysregulation
of the alternative complement pathway, causing HUS.

A unique subtype of aHUS is the deficiency of CFHR plas-
ma proteins and factor H autoantibody positive hemolytic
uremic syndrome (DEAP-HUS), which is unique in that a
deletion of genes encoding FH-related proteins is associated
with the development of autoantibodies directed at CFH.
These autoantibodies are found in 10-15% of aHUS patients
and bind to the C-terminus of CFH, blocking CFH surface
recognition and mimicking mutations found in the genetic
form of CFH-mediated aHUS [10]. This binding effect results
in defective CFH function and dysregulation of the alternative
pathway, leading to endothelial cellular damage. DEAP-HUS
tends to occur most frequently in teenagers but can also affect
younger children and adults. It tends to present with a high
frequency of gastrointestinal symptoms unlike other forms of
aHUS. This makes it difficult to distinguish it from the typical
Shiga toxin-related HUS at presentation. Extra-renal compli-
cations like seizures, pancreatitis, and hepatitis at presentation
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are also more frequent with DEAP-HUS. The disease tends to
have a highly relapsing course with a high incidence of up to
50% of stage 5 chronic kidney disease reported in some co-
horts. Higher anti-FH antibody titers at onset of disease, delay
in the initiation of plasma exchange therapy, and low circulat-
ing free CFH levels are associated with poorer outcomes [11].
The mainstay of treatment of this disease involves prompt
initiation of plasma exchange therapy and concurrent immu-
nosuppression therapy to suppress antibody production. This
review highlights the pathogenesis, treatment, and disease
monitoring of patients with active DEAP-HUS.

Pathogenesis of DEAP-HUS

Complement factor H is the main regulator of the alternative
complement pathway and exists in soluble form in the blood
and on cell surfaces. The FH gene present on human chromo-
some 1 is part of the regulators of complement activation
(RCA) gene cluster which encodes a single-chain serum gly-
coprotein. This factor H glycoprotein has a modular structure
made up of an array of twenty short consensus repeat (SCR)
domains [12—-14]. These SCRs each have 20 homologous
units of approximately 60 amino acid residues. The FH gene
cluster consists of seven related genes that all encode soluble
plasma proteins named CFH-related proteins 1 through 5
(CFHR1 to CFHRSY) [14]. Emerging evidence suggests that
these FH-related proteins have both activating and inhibiting
regulatory properties [12]. CFHRI1 is the most abundant pro-
tein and regulates the complement pathway by inhibiting the
C3 and CS5 convertases. In addition, CFHR1 blocks assembly
and membrane insertion of the membrane attack complex
(MAC). Full-length FH is a negative alternative pathway reg-
ulator that prevents amplification of the C3 and C5
convertases and acts as a cofactor for factor I (FI)-mediated
conversion of C3b to inactive C3b (Fig. 1). Development of
autoantibodies against complement FH occurs in about 6—
10% of aHUS cases and leads to an acquired and transient
deficiency of complement FH. These FH IgG autoantibodies
frequently bind to the carboxy-terminal portion of full-length
FH that contains the binding recognition site, thereby
inhibiting cell surface protection from complement activity
(Fig. 2). Recently, an association was found between the ab-
sence of CFHR1 and CFHR3 due to their gene deletion, and
the presence of anti-FH autoantibodies [15-20]. The role of
CFHR3 is so far unknown, but CFHR3 binds C3b and hepa-
rin, indicating a role in complement regulation [12].

Greater than 90% of the patients with DEAP-HUS have a
homozygous chromosomal deletion of the CFHRI and
CFHR3 genes. Although homozygous deletions of the
CFHRI/CFHR3 encoding segment are associated with
DEAP-HUS in the majority of cases, heterozygous deletions
have also been reported [20]. The frequency of homozygous
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CFHR1/CFHR3 deficiency is ~ 11-15% in aHUS and almost
100% in DEAP-HUS patients [20]. Homozygous CFHR1/
CFHR3 deficiency has also been observed in the normal
healthy Caucasian population at a frequency of about 2 to
5%. Family studies have demonstrated that only those defi-
cient persons that have also generated autoantibodies to FH
develop DEAP-HUS. Healthy family members who are ho-
mozygous deficient for CFHR1 and CFHR3 but who do not
have autoantibodies to FH do not necessarily develop DEAP-
HUS. The causative factor(s) and mechanisms that result in
autoantibody production and development of DEAP-HUS are
still unknown, but one possibility is that one (or both) of these
molecules normally impairs the antibody production by B
lymphocytes [21]. Therefore, in the absence of CFHR-1 and/
or CFHR-3 proteins, autoantibody production by B lympho-
cytes may be dysregulated and inadequately controlled
[21-23].

Treatment strategies and rationale

The treatment goal in DEAP-HUS is induction of clinical
remission as fast as possible and maintenance of long-term
remission without disease recurrence. Although plasma ther-
apy and immunosuppression use remain the treatment ap-
proaches of choice, currently, no consensus exists on the op-
timal treatment regimen or the most effective immunosuppres-
sive agents for the management of DEAP-HUS. Various treat-
ment strategies instituted by clinicians have resulted in vari-
able outcomes, and in some cases, similar treatment regimens
have led to similar and sometimes different results, highlight-
ing the possible contribution of other factors in shaping dis-
ease phenotype (Table 1). Moreover, every patient presents a
unique clinical picture, as disease manifestation may be asso-
ciated with specific genetic, biologic, and environmental pre-
dispositions [20]. Perhaps a better understanding of the path-
ophysiology of the disease and rationale for use of various
therapies will inform the development of an ideal treatment
regimen that produces consistent results. Treatment options
and rationale for their use in DEAP-HUS management are
hereby reviewed.

Plasmapheresis

Plasmapheresis refers to the extracorporeal separation of
blood components into cells and plasma, and subsequent re-
moval of the plasma component, which is replaced with donor
fresh frozen plasma (FFP) or albumin (in patients allergic to
FFP). The rationale for plasma exchange (PE) in DEAP-HUS
treatment is its ability to rapidly remove the circulating CFH
autoantibodies, leading to normalization or improvement in
the regulatory function of CFH and stabilization of the alter-
native complement pathway. In their retrospective analysis,
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Fig. 1 Controlling the alternative-pathway amplification loop. The
amplification (C3b feedback) loop is a positive-feedback cycle that
consumes complement C3 to generate more enzyme and activation
products; if unregulated, it cycles until all available C3 is consumed.
Tight regulation is provided in the plasma by enzymes and cofactors
that remove the C3 fragment C3b from the feedback cycle for
breakdown into smaller fragments. As a consequence, the C3b feedback
cycle normally operates at a very low rate (tick over). The balance
between activation and regulation is disturbed in disease; a healthy
balance can be restored by providing extra control (for example,
increasing regulation, such as that provided by the complement

Khandelwal et al. showed a greater than 80% reduction of
CFH autoantibody titer following 3—7 PE treatments [24].
The American Society for Apheresis (ASFA) strongly recom-
mends the use of PE as first-line therapy in the treatment of
CFH autoantibody—associated aHUS [23]. In the absence of
PE therapy with FFP, plasma infusion (PI) may be utilized, in
the hope that infusing enough CFH can override the blocking
effect of the CFH autoantibodies. Clinical observations, how-
ever, suggest the superiority of PE therapy over PI. In a case
series, 2 out of the 3 patients with DEAP-HUS who received
PE as initial therapy experienced prompt recovery of kidney
function [25]. The third patient who initiated treatment with PI
required dialysis but subsequently recovered kidney function
when PI was discontinued and replaced with PE. These pa-
tients also received immunosuppressive therapy, intended to
suppress antibody production and help sustain disease remis-
sion. In another case series, all 3 patients with DEAP-HUS
whose diagnosis was delayed due to a diarrheal prodrome and
who initiated PE long past the 24-h window still recovered
kidney function. In 2 of the patients, remission was induced
and sustained without use of immunosuppression [26]. Other
reports, however, showed adverse kidney outcomes with
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Nature Reviews | Drug Discovery

regulatory protein factor H (FH), thereby increasing “feed out” from the
amplification loop) or by preventing the formation of C3b in the feedback
cycle (for example, by blocking convertase enzyme, thereby decreasing
“feed in” to the amplification loop). Agents that target amplification of
complement can have major therapeutic effects. Ba, non-catalytic
fragment of FB; C3b—FH, complex between C3b and FH; CRI,
complement receptor type 1; iC3b—FH, complex between inactive C3b
and FH. B.Paul Morgan and Claire L Harris (2015) Complement, a
target for therapy in inflammatory and degenerative diseases. Volume
14. Reprinted with permission

delayed PE therapy [22]. In their cohort of 138 children with
CFH autoantibody—associated HUS, most of whom had
CHHRI homozygous gene deletion, independent risk factors
for adverse kidney outcome included delay in initiation of PE
and high autoantibody levels [4]. Moreover, multiple reports
have shown disease relapse with withdrawal of PE therapy
and rise of autoantibody levels [20, 25]. Although clear guide-
lines on the schedule and duration of PE therapy are currently
lacking, a reasonable strategy would be to initiate daily treat-
ments at diagnosis until antibody titers are significantly
lowered, with concomitant initiation of immunosuppressive
therapy and a subsequent weaning of plasma therapy.

Immunosuppression

The hallmark of disease activity in DEAP-HUS is the uncon-
trolled production of IgG autoantibodies which bind to the C-
terminal recognition site of CFH, impairing its ability to bind
C3b, thus leading to uncontrolled activation of the alternative
complement pathway [27]. Removal of circulating antibodies
and suppression of their production is key to clinical improve-
ment and long-term disease remission [4, 28]. While PE
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b Anti-CFH associated HUS
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Fig.2 Anti-FH antibodies in atypical HUS. a Complement factor H (FH)
regulates the alternative pathway of complement activation to prevent
damage to self. It binds to glycosaminoglycans (GAGs) on cell surfaces
through its central part (short consensus repeats SCRs 6-8) and its
carboxyl terminus (SCRs 19-20). The amino-terminal part competes
with factor B (FB) for binding to C3b and acts as a cofactor for factor |
(FI) to inactivate C3b to iC3b, whereas the C terminus binds to C3b and
its cleavage fragment C3d. FH also enhances the dissociation of the
C3bBb complex. b In anti-FH-associated hemolytic uremic syndrome

acutely lowers antibody levels, ongoing antibody production
is unopposed and disease recurrence is inevitable with discon-
tinuation of plasma therapy and rebound of antibody titers.
The inhibitory effect of immunosuppressant medications on
antibody production is well established. Immunosuppressive
medications act through a variety of mechanisms to suppress
antibody production by their effect on B lymphocyte subsets
[29]. Prednisone, cyclophosphamide (CYC), methotrexate
(MTX), mycophenolate mofetil (MMF), and azathioprine
(AZA) are shown to decrease B-1a lymphocytes by 60%,
while cyclosporine (CsA) has little effect on B cell
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(HUS), anti-FH antibodies form immune complexes with FH and bind
to multiple domains, thereby perturbing the interaction of FH with C3b,
C3d and with GAG, ultimately reducing the ability of FH to confer
protection against complement. ¢ In C3 glomerulopathies, anti-FH
antibodies bind to the amino terminus of FH, thereby perturbing the
interaction of FH with C3b in the fluid phase. This perturbation reduces
the ability of FH to function as a cofactor for factor I (FI)-mediated
inactivation of C3b to iC3b. However, the binding of FH to C3d and
GAG is preserved in C3 glomerulopathies. Reprinted with permission

populations [29]. By the nature of its effect on B cell subpop-
ulations, rituximab is effective in lowering CFH autoantibody
titers, but these may rebound in some patients and predispose
to disease relapse. Cyclophosphamide, however, has been
shown to cause stable decrease in CFH autoantibodies and
maintenance of disease remission in patients with CFH
autoantibody—associated HUS [25, 30, 31]. Intravenous im-
munoglobulin (IVIG) has not been shown to be of benefit in
DEAP-HUS management [20]. Immunosuppressive therapy
allows for discontinuation of plasma therapy with low risk
for disease relapse by maintaining suppressed autoantibody
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titers. In the largest cohort published so far, Sinha and col-
leagues demonstrated better kidney survival and long-term
outcomes in patients who received combined therapies with
plasma exchange and immunosuppression, underscoring the
role of immunosuppression in maintaining low autoantibody
titers long term [4]. In their review of therapy outcomes,
Dragon Durey et al. showed a 35-43% risk of developing
CKD stages 4-5 and death in patients whose treatment regi-
mens comprised PE predominantly or supportive care, as
compared with 10% risk in patients who received a combina-
tion of PE and immunosuppression (p <0.0001) [32]. As
regards immunosuppression regimens, various treatment pro-
tocols have produced heterogonous results (Table 1). While a
first-line treatment regimen combining PEs, steroids, and 2—5
pulses of cyclophosphamide has demonstrated efficacy in in-
ducing disease remission without need for long-term mainte-
nance immunosuppression, regimens combining rituximab,
mycophenolate mofetil, or azathioprine might require long-
term immunosuppression to prevent disease relapse [10, 20,
25, 28, 33]. An international consensus statement has recom-
mended treatment withdrawal after 1-2 years for maintenance
immunosuppression protocols using mycophenolate mofetil,
azathioprine, and steroids [34]. Prospective studies are needed
to help determine the appropriate and optimal duration of im-
munosuppressive therapy and when it is safe to withdraw
immunosuppression in patients with DEAP-HUS.

Complement C5 blockade

Cleavage of complement factor 5 into the potent
anaphylatoxin and pro-inflammatory 5a and the membrane
attack complex-forming 5b is responsible for the
complement-mediated events in atypical HUS. In addition to
its pro-inflammatory properties [35], the membrane attack
complex C5b-9 disrupts cell membranes, leading to cell lysis.
Eculizumab, a humanized chimeric monoclonal antibody,
binds the terminal complement C5, inhibiting its cleavage by
C5 convertase into C5a and C5b, thus terminating
complement-mediated cellular injury [36, 37]. On
September 23, 2011, eculizumab was approved by the FDA
for the treatment of all patients with aHUS and its use has
favorably transformed the clinical outcomes of patients with
atypical HUS. Short- and long-term safety profiles have been
established in the pediatric population [38, 39], although life-
threatening meningococcal infections remain a serious risk
associated with its use and guidelines for vaccination and an-
tibiotic prophylaxis are currently in place [40, 41]. Limited
data on the use of eculizumab as a sole agent in the manage-
ment of DEAP-HUS and other CFH autoantibody—associated
HUS is available. In their cohort of 17 pediatric patients with
CFH autoantibody—associated HUS, Brocklebank et al. dem-
onstrated the ability of eculizumab to induce and maintain
long-term disease remission in 4 patients, in whom the drug

was used as a sole agent without immunosuppression or plas-
ma exchange [3]. In another report, a plasma-therapy-
dependent patient with DEAP-HUS was initiated on
eculizumab 4 years after initial presentation. After 2.5 years,
plasma therapy was successfully discontinued but CFH auto-
antibody levels remained positive at low levels, suggesting
complement activation but without disease relapse [42]. The
risk of on-going alternative complement pathway activation
due to persistence of CFH autoantibodies and the excessive
cost associated with long-term eculizumab use should be con-
sidered when choosing it as a sole therapeutic agent in patients
with DEAP-HUS. Treatment regimens combining other im-
munosuppressive medications are likely to be more cost ef-
fective while at the same time maintaining disease remission
[28, 43, 44]. Giving its molecular weight of 148,000 Da,
eculizumab is minimally removed on dialysis but can be re-
moved by PE, and so timing should be carefully planned dur-
ing intense PE therapy. Ravulizumab (Ultomiris), approved
by the FDA 10/18/19 for the treatment of aHUS, is a long-
acting complement C5 inhibitor that can be administered ev-
ery 8 weeks and a convenient option for patients in whom this
treatment is considered.

Novel therapies

A synthetic fusion protein, MFHRI, has recently been de-
scribed as a potential therapeutic option for complement dys-
regulation disorders. Structurally, the MFHR1 is composed of
the regulatory (inhibitory) components of CFH and CFHRI.
The two N-terminal C5/C5b6 binding domains of CFHRI1 are
linked to the regulatory and surface recognition domains of
CFH [45]. The resultant synthetic protein has been shown to
produce a multitarget inhibition of the alternative complement
pathway cascade. First, it accelerates the decay of the C3
convertase thereby inhibiting further alternative complement
pathway activation. Secondly, it binds C5 convertase,
preventing C5 cleavage and the generation of the proinflam-
matory C5a and the membrane attack complex C5b-9 [46].
When available for clinical use, MFHR1 will be a welcome
and an important addition to the therapeutic options for
DEAP-HUS. However, it remains unclear what the binding
effect of CFH autoantibodies on MFHRI1 is and whether this
would hinder its effectiveness in the clinical context.

Monitoring complement pathway activity
during therapy

Laboratory techniques are currently available for measuring
activity of the complement system. Measurement of the total
activity of the complement pathways as well as individual
components of the complement system allows for disease
characterization, assessment of disease severity, and response
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Table 2  Assessing and monitoring complement pathway activity

Pathway Test methods

Test name

Interpretation and comment

Alternative complement pathway a) Hemolytic assays ~ AH50

b) ELISA -APFA

-CFH autoantibodies
-Factors H, B, I, and C3

Classical complement pathway a) Hemolytic assays ~ CHS50

-Measures total hemolytic activity of the alternative
pathway using sensitized rabbit erythrocytes

-Low or absent AH50 suggests deficiency of factor B,
D, or properdin (AH50 may be normal in properdin
deficiency).

-Normal levels do not exclude disease

-APFA measures activity of the AP

-Low APFA indicates absence or deficiency of
components of the AP

-CFH autoantibodies are elevated in DEAP-HUS

-C3 and factor H are low; factor B and I are normal in
DEAP-HUS

-Measures total hemolytic activity of the classical and
terminal pathways using sensitized sheep
erythrocytes

-Low or absent levels suggest deficiency of one or
more complement components of the classical or
terminal pathway

b) ELISA Individual components of Any of the individual components may be low in CP
CP including Clq, Clr, disorders
Cls, C2,C4
Terminal complement pathway a) Hemolytic assays ~ CHS50 -Measures total hemolytic activity of the classical and

b) ELISA

Individual complement components ~ ELISA

sC5b-9 (sMAC), C5a, C5b

C3 and C4

terminal pathways using sensitized sheep
erythrocytes

-Low or absent levels suggest deficiency of one or
more components of the classical or terminal
complement pathway

SMAC and C5a likely to be elevated in aHUS in
general

-Low levels of C3 and C4 suggest activation of the
classical pathway

-Low levels of C3 and normal levels of C4 suggest
dysregulation of the alternative pathway. C3 may
also be low in acute phase of non-aHUS

AP, alternative pathway; APFA, alternative pathway functional assay; CFH, complement factor H; CP, complement pathway; DEAP-HUS, deficiency of
CFHR plasma proteins and factor H autoantibody positive hemolytic uremic syndrome; ELISA, enzyme-linked immunosorbent assay; sMAC, soluble

membrane attack complex (fluid phase MAC)

to complement targeted therapy. In DEAP-HUS patients un-
dergoing therapy, routine monitoring of kidney function, lac-
tate dehydrogenase (a marker of hemolysis and tissue break-
down), hemoglobin, reticulocyte, and platelet count is helpful
in monitoring disease evolution and treatment effect. The
treatment goal is to downregulate complement activation,
preventing or limiting further tissue injury. The alternative
and terminal pathways are the pathways of interest in
DEAP-HUS, and their activity can be measured using func-
tional assays, including hemolytic assays, immunoassays, or
ELISA (Table 2) [47-49]. The 50% hemolytic complement
(CHS50) assay is the most commonly used method for measur-
ing functional activity of the classical complement pathway,
while the 50% hemolytic complement (AH50) assay measures
activity of the alternative complement pathway. These hemo-
lytic assays are an expression of the volume or dilution of the
sample needed to produce 50% cell lysis [47, 50]. Low levels
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of CH50 or AHS0 suggest deficiency or absence of compo-
nents of the respective pathways [51-53] and require further
evaluation, including measurement of the individual compo-
nents of the complement system (Table 2). When both CH50
and AHS50 are low, a deficiency of one or more of the com-
ponents of the terminal pathway is suggested [53]. In DEAP-
HUS therapy, AH50 levels should normalize with disease
remission. Measurement of CFH autoantibody is helpful in
assessing the effectiveness of PE and/or immunosuppressive
therapy. Autoantibody levels are generally high during the
acute phase of the disease and should decrease with appropri-
ate therapy. In most cases, autoantibody levels remain positive
but at lower titers during disease remission [25, 54]. The pos-
itive threshold for CFH autoantibody titers using ELISA is set
at 100 AU/mL. In the largest cohort so far, mean autoantibody
titers were 5411 +1388.1 AU/mL at disease onset and 844.3
+215.4 AU/mL at disease remission. At disease relapse,
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autoantibody titers rose back up to a mean of 3313.3+
817.5 AU/mL [4]. Similar autoantibody titer trends have been
reported by other investigators [10, 25, 33]. There does not
seem to be a consistent autoantibody titer at which sustained
disease remission is guaranteed, and so at this time the authors
are unable to recommend a specific titer at which withdrawal
of immunosuppression would be considered safe. Moreover,
autoantibody titers are known to fluctuate during disease re-
mission [10]. Since eculizumab blocks complement C5,
preventing the formation of the terminal complement com-
plex, sC5b-9, quantification of the membrane attack complex
should demonstrate a reduction in its titers with eculizumab
use and other treatments [50].

Conclusion and future directions

DEAP-HUS is a rare subtype of aHUS associated with signif-
icant morbidity. Rapidly lowering plasma autoantibody levels
at disease onset can halt excessive complement activation and
induce disease remission. Combined therapies with PE and
immunosuppression have been shown to be associated with
favorable renal outcomes. Currently, no consensus exists on
the optimal therapeutic approaches that yield consistent re-
sults. In line with available clinical guidelines on the manage-
ment of aHUS, the authors recommend initiation of
eculizumab (or PE where eculizumab is unavailable) within
24 h of presentation, to block activity of the terminal comple-
ment pathway. This is particularly important as results of in-
vestigations may take a few days to return (in our experience,
laboratory turnaround time for anti-CFH autoantibody is as
long as 7 days). As soon as the presence of anti-CFH autoan-
tibodies is confirmed (and DEAP-HUS subsequently diag-
nosed), intense (daily) PE therapy should be commenced.
Although current guidelines recommend at least 5 daily PEs
at the initiation of treatment, fewer treatments, in association
with immunosuppressive therapy, may be enough to induce
prolonged remission with sustainably low antibody titers [23,
32]. Indeed, some investigators have stayed away from use of
PE as first-line therapy and have used eculizumab with or
without other immunosuppressants, with recovery of kidney
function [3, 28]. Moreover, PE requires the placement of a
central line, which carries the increased risk of infection and
thrombosis. High-dose intravenous steroids or oral predniso-
lone should be initiated as part of initial therapy; readers may
refer to Dragon-Durey et al. for dosing recommendations [32].
The authors feel eculizumab may be discontinued when PE is
initiated along with other immunosuppression, but for clini-
cians who choose to continue eculizumab, concomitant PE
and eculizumab dosing guidelines have been provided by
Alexion [55]. The cost effectiveness of concomitant PE and
eculizumab therapy should be weighed against clinical bene-
fit. For patients who present with kidney failure, the authors

propose the administration of intravenous cyclophosphamide
after 5-7 PEs and repeat every 3—4 weeks for a total of 2—5
doses, as recommended by Dragon-Durey and colleagues
[32]. Patients with less severe presentations and who do not
require dialysis may be treated with eculizumab along with
mycophenolate mofetil or azathioprine (thereby avoiding cen-
tral placement), although this regimen may require prolonged
therapy as previously mentioned. The authors favor the use of
cyclophosphamide in both severe and less severe cases, as this
regimen has the advantage of allowing a rapid withdrawal of
immunosuppression therapy while maintaining long-term re-
mission. However, the cytotoxic properties of cyclophospha-
mide, including gonadal toxicity, bone marrow suppression,
infections, and risk of malignancy, must be born in mind.
Different therapeutic approaches have been recommended
by an international group of experts for various clinical sce-
narios [34]. Plasma autoantibody levels should be monitored
at intervals during therapy, and since high autoantibody levels
have been shown to correlate with disease activity, the aim
should be to keep autoantibodies at a level that maintains
disease remission for the individual patient. Obviously, this
level would vary from patient to patient. Prospective studies
can focus on identifying disease and patient-specific charac-
teristics that determine treatment response and regimens that
yield consistent results. A disease registry would allow for a
study of treatment patterns and outcomes in patients with
DEAP-HUS.
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