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Abstract

The terminal complement-inhibitor eculizumab has dra-
matically changed the management of patients with atypi-
cal hemolytic uremic syndrome (aHUS), and has also shown
promise for treating certain forms of secondary HUS (sHUS),
including that caused by drugs and solid-organ/hemato-
poietic stem cell transplant. While effective, eculizumab is
costly and inconvenient. In this review, we evaluate the lit-
erature on eculizumab cessation in these diseases to better
inform clinicians who consider stopping therapy. Reported
relapse rates in aHUS after stopping eculizumab are as high
as 30%, suggesting indefinite therapy is reasonable and

that patients who choose to stop should be closely moni-
tored. In sHUS, relapse is rare, justifying short courses of ec-

ulizumab. © 2018 S. Karger AG, Basel

Introduction

Thrombotic microangiopathies (TMA) are a group of
disorders characterized by the combination of intravascu-
lar microangiopathic hemolytic anemia, thrombocytope-
nia, and micro- and macrovascular thrombosis. The latter
pathologic findings can manifest as varying degrees of
end-organ damage, most commonly renal failure or neu-
rologic deficits. TMAs can be further subdivided into 3
categories: thrombotic thrombocytopenic purpura (TTP),
typical hemolytic uremic syndrome (typical hemolytic
uremic syndrome [HUS]), and the group of disorders
known as complement-mediated TMAs (Table 1) [1-3].

TTP is caused by a congenital or acquired deficiency
in the metalloprotease ADAMTS13, resulting in impaired
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cleavage of circulating large von Willebrand factor mul-
timers, excessive platelet adhesion, activation and aggre-
gation, and finally microthrombi formation. The major-
ity of adult cases of TTP are acquired via the production
of anti-ADAMTS13 antibodies, and thus this disease can
be effectively treated with therapeutic plasma exchange
(PEX) and immune suppression [4].

Typical HUS is associated with diarrheal illnesses
caused by gastrointestinal Escherichia coli or Shigella in-
fections. Bacterial Shiga toxin causes direct cytotoxic dam-
age to vascular endothelial, renal mesangial and epithelial
cells, as well as platelets and red blood cells. The comple-
ment pathway is activated in typical HUS to varying de-
grees due to stimulation by infectious pathogens [3, 5].
Treatment is generally supportive, as more aggressive in-
terventions have not been shown to improve outcomes [6].

In contrast to TTP and typical HUS, complement-me-
diated TMAs comprise a more heterogeneous group of
disorders with a variety of risk factors and instigating trig-
gers, though all are characterized by the dysregulated ter-
minal complement pathway activation. These disorders
are further subdivided into atypical HUS (aHUS) and sec-
ondary HUS (sHUS). aHUS is caused by congenital or
acquired defects in alternative complement pathway reg-
ulatory proteins [1-3]. sHUS is the least well-defined
group of complement-mediated TMAs, with a list of pre-
cipitating causes including drugs, solid-organ or stem cell
transplant, and systemic illnesses such as sepsis, auto-im-
mune disorders, and malignancy. Complement dysregu-
lation likely plays a role in these underlying conditions,
though this has not been clearly defined in all cases.

While PEX was historically utilized for all TMAs, this
therapy was sub-optimal given the high rates of morbid-
ity and mortality in patients with aHUS; indeed, the inci-
dence of end-stage renal disease (ESRD) or death ap-
proached 40% at initial diagnosis, and 65% within 1 year
[7]. In 2007, the monoclonal antibody eculizumab, tar-
geting the terminal complement protein C5, was ap-
proved for the treatment of paroxysmal nocturnal hemo-
globinuria; it was subsequently examined in several phase
2 trials for the treatment of aHUS and showed favorable
efficacy in both acute and chronic settings in terms of
normalization of hematologic parameters and improve-
ment in glomerular filtration rate (GFR) [7, 8]. These
studies led to the Food and Drug Administration (FDA)
approval of eculizumab for the treatment of aHUS in
2011.

Complement inhibition with eculizumab has since
gained favor in the treatment of other complement-medi-
ated TMAs. While dysregulated complement activity is not
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the primary driver of typical HUS, infectious pathogens do
activate complement to varying degrees [3, 5, 9], and sev-
eral case series have shown favorable outcomes with early
use of eculizumab, particularly in patients with severe neu-
rologic symptoms [10, 11]. Eculizumab has also been in-
creasingly explored for the treatment of sHUS, including in
cases associated with drugs, solid organ, and stem cell trans-
plant [12-15]. An important question that has been raised
in all cases of complement-mediated TMAs is if and when
eculizumab can safely be stopped. This concern is primar-
ily driven by cost, as high as $700,000 USD per patient per
year [16, 17]. The opposing argument to continue eculi-
zumab indefinitely is a relatively high rate of TMA relapse
after therapy discontinuation, outlined in this review [18].
The ability to identify patients with a low risk of TMA re-
lapse following eculizumab discontinuation is an attractive
prospect in these diseases. Here, we describe the frequency
and outcomes of eculizumab discontinuation and suggest
scenarios in which discontinuation would be appropriate.

Atypical HUS

About 5-10% of HUS cases appear to occur de novo.
This entity, aHUS, is caused by the unregulated activation
of the complement system due to inherited (genetic) or
acquired (autoimmune) disruption of the alternate com-
plement pathway [2, 18]. Under normal conditions, the
alternate complement pathway is constitutively active
leading to spontaneous hydrolysis of C3 and deposition of
the product C3b on multiple host cells in contact with
plasma. Further progression of complement activation
downstream of this process is normally inhibited by sev-
eral complement proteins including factor H, factor I, and
membrane cofactor protein. Mutations in, or auto-anti-
bodies against, these and other regulatory proteins can be
identified in approximately 50% of aHUS cases [3], the
end result of which is uncontrolled complement activity
including formation of the membrane attack complex on
endothelial cells, red blood cells, and platelets [2, 8]. Even
in cases of heritable mutations in complement regulatory
proteins, aHUS can manifest at any age; a second “hit”
such as infection, pregnancy or immunization is typically
required for the disease process to manifest [1]. Morbid-
ity and mortality of untreated aHUS can vary depending
on the underlying complement defect; Factor H muta-
tions are most common and have been associated with
rates of ESRD or death as high as 80% [1, 3].

For years, standard therapy for aHUS consisted of
PEX, with duration of therapy guided by clinical response.
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Long-term benefits of this therapy, however, were rela-
tively poor, with two-thirds of patients progressing to
ESRD or death within 3 years [8]. The FDA approval of
eculizumab in 2011 heralded a new standard of care, and
has proven effective in all ages and in both native and
transplanted kidneys [1, 2]. Legendre et al. [7] examined
37 patients in 2 prospective, phase 2 clinical trials and
found that eculizumab led to statistically significant in-
creases in platelet counts, GFR and quality of life, and a
TMA-free rate of 80%. In a 2-year follow-up of the same
patient cohorts, 88% of patients reached hematologic
normalization, with 95% of patients free from recurrent
TMA. The development of neutralizing antibodies to ec-
ulizumab after prolonged therapy has been a theoretical
concern, though after extended (2 year) follow up of the
original cohorts of patients from landmark trials of ecu-
lizumab in aHUS, no patients developed neutralizing an-
tibodies to the drug. Similarly, in a study of 75 patients
with PNH treated with eculizumab for a median of 7.5
years, no patients developed neutralizing antibodies [8,
19]. The primary adverse effect of concern with long-
term use of eculizumab is meningococcal infection, pro-
tection against which is reliant on intact terminal comple-
ment pathway activity. In the aforementioned trials, how-
ever, no meningococcal infections were observed after
2 years of follow up. The overall rates of meningococcal
infection are currently cited at 0.5% annually, with only
16 cases reported by the CDC among all patients treated
with eculizumab from 2008 to 2016. This suggests an
overall favorable risk profile for the drug [7, 8, 16].
While these data are certainly encouraging, several
critical issues remain. First, eculizumab is an intravenous
infusion and requires twice-monthly dosing even during
the maintenance phase. This can be a substantial inconve-
nience for patients committed to lifelong therapy. Second,
frequent discussion still revolves around the drug’s sig-
nificant cost [8, 17]. Both of these treatment issues have
spurred interest in less aggressive dosing schedules or
complete discontinuation of eculizumab. A recent review
by Macia et al. [18] summarized data on patient outcomes
with eculizumab discontinuation, including evidence
from case reports, unpublished cases, and national regis-
tries. Of the unpublished cases and case reports, 20 of 58
patients (34%), experienced a recurrence in TMA after
therapy cessation. Among 5 clinical trials of eculizumab
(4 prospective single-arm, 1 retrospective) published be-
tween 2008 and 2015, 61 of 130 patients discontinued
therapy. Of those 61, after median follow up of 24 weeks,
12 (20%) had relapsed, with a small number developing
serious adverse outcomes including a requirement for re-

When to Stop Eculizumab

nal replacement therapy [18]. Relapse following cessation
of therapy occurred after a median of 13 weeks, though
this was highly variable (4-127 weeks). The French aHUS
registry was examined between 2010 and 2014, with 38 of
109 patients discontinuing eculizumab therapy after a me-
dian duration of 17.5 months. Twelve of these patients
(31%) suffered disease relapse [20]. This high rate was also
reflected in an observational study of 16 patients conduct-
ed by Ardissino et al. [23], in which 5 of 16 (31%) patients
had a relapse after drug discontinuation [21]. A complete
review of published literature on dose alteration or dis-
continuation is outlined in Figure 1.

In summary, the current evidence suggests an aHUS
relapse rate of approximately 30% after discontinuation of
eculizumab therapy. In addition, aggregate data from clin-
ical trials examining eculizumab discontinuation show a
rate of organ failure after TMA relapse of 5% [18]. Several
scenarios have been proposed as having a higher risk of
relapse, including pregnant and pediatric patients, post-
renal transplant patients, and patients with GFR <20 mL/
min/1.73 m? [16, 18]. Certain complement gene muta-
tions confer a higher risk for earlier and more severe dis-
ease phenotypes, and these same mutations may also in-
crease the relapse risk. A review of the French aHUS reg-
istry found that in patients with identified mutations, 8 of
11 (72%) patients with factor H variants and 4 of 8 (50%)
patients with membrane cofactor protein variants re-
lapsed, while none of the 16 patients without detectable
mutations relapsed. Aggregate data from prospective tri-
als of eculizumab including 61 patients, however, showed
that among cohorts of patients who did or did not relapse
after discontinuation of therapy, frequency of identifiable
complement mutations were essentially equal (58 and
49%, respectively) [18]. Without incorporation into a val-
idated risk model, the prognostic value of genetic muta-
tion and all other risk factors remains uncertain [18, 20].
A final consideration is that in those who discontinue ec-
ulizumab and suffer a relapse, limited evidence suggests
resuming eculizumab reliably induces a second remission
[20, 21]. While these data need further corroboration, it
may help during discussions between providers and pa-
tients when considering treatment discontinuation.

If choosing to alter dosing schedules or discontinue
eculizumab, a crucial consideration is how to monitor
for signs of TMA relapse. Besides close monitoring of
hemoglobin, platelets, and renal function, methods that
have been explored include eculizumab drug levels
(available only in very select centers), or various com-
plement activity assays including CH50, AH50, and sol-
uble terminal complement activity (sC5b-9). Serum C3,
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—> | Treat as TTP

= Shiga toxin producing E. Coli
= Inborn error of cobalamin C l
metabolism
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= Rheumatologic disorder

No provoking cause.
consistent with aHUS

Relapse rates in reported series of eculizumab discontinuation
+ (Time to relapse, complement mutation detected)

1 3/17 (17%) relapsed (Merrill et a 2017)

| |

+ 90 days. ADAMTS13 Ser131Leu heterozygous
+ 48 days. Del (CFH-SCR20-CFHR1-int5) heterozygous, THBD Ala43Thr heterozygous
+ 53 days. Del (CFHR3-CFHR1) heterozygous, del (CFHR1-CFRH4) hetetozygous, CFB
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testing

mutational and antibody

lle242Leu heterozygous

(1 5/16 (31%) relapsed (Ardissio et al 2015)
+ 1.5 months. CFH (p.Ser1191Leu)

« 0.9 months. CFH (p.Arg1210Cys) + CFl 9P.aSP519Asn) + THBD (p.Ala43Thr)
+ 1.2 months. CFH (p.GIn950His) + homozygous deletion at Cfhr3/R1 locus +
anti-CFH antibody (titer, 230 IU)

Relapse rates in reported series of eculizumab dose l
modification

Continue eculizumab

+ 17.3 months. CFH (p.Asp519Asn)
+ 0.7 months. Homozygous deletion at CFHR3/R1 locus + anti-CFH antibody

- Monitoring C50 allowed for safe in the frequency of eculizumb
administration

l

[1 2 Patients. both relapsed (Marcia et al 2017) «— indefinitely —> | 0 4/6 (66%) relapsed (Marcia et al 2017)
- €3 mutation Died from multi organ failure consider C50 monitoring « 12 months. No mutation identified
- CFI mutation Progressed to ESRD. « 2months. No mutation identified
a a q + 3 months. C3 mutation
[1 18 patients. C50 guided dosing. (Cugno et al 2014) l « 3months. MCP and homozygous CFH risk haplotype

Breakthrough TMA

(1 3/14 (21%) relapsed (Sheerin et al 2016)
« 6 weeks. No mutation identified

+ 10 weeks. CFH/CFHR1 hybrid

+ 36 weeks. CD46 (c.286P2T>G

(1 12/38 (31%) relapsed (Fakhouri et al 2017)

increase

+ 1,500 mg x1 for MAHA. response

+ 1,500 mg x2 for MAHA. response

Response rates in reported series of eculizumab dose

(1 3/3 (garcia monteavaro et al 2016)

« Dose admistered 3 days early. stable disease

+ 6 months. Large deletion in exon 1

+ 10 months. ¢.3572 C.G; p.Ser1191Trp
+ 22 months. ¢.773 .T; p.Pro258Leu

+ 6 months. ¢.3048 C A; p.Tyr1016

+ 21 months. ¢.3572C.T; p. Ser1191Leu
+ 3 months. ¢.1789T .C; p.Cys597Arg

« 7months. ¢.1868 G .C; p.Cys623Ser

+ 3 months. CFH-CFHR1 hybrid gene

+ 15 months. c.286+1G.C

+ 29 months. c. 2872 A .G
« 5 months. c¢.350delA p. Tyr117Serfsa17

Fig. 1. Workup of acute TMA and the reported rates of relapse with eculizumab dose adjustment of cessation [16-18, 20, 21, 24, 41].

C4, and sC5b-9, however, have demonstrated limited
sensitivity and specificity and correlate poorly with dis-
ease activity, and thus have limited diagnostic or prog-
nostic significance [22]. Several small studies have pub-
lished favorable outcomes of patients with aHUS who
have eculizumab doses administered with progressively
longer intervals based on CH50, or classical comple-
ment activity, testing [21, 23]. Ardissino et al. [23] used
a cutoff classical complement activity <10% to justify
increasing the dose interval up to 28 days, and activity
of >30% to justify decreasing dosing intervals. Of the 38
patients to which these dose adjustments were applied,
none relapsed. These findings were corroborated by an-
other cohort of 18 patients using similar dose adjust-
ment criteria [21]. Unmonitored dose reduction was
examined in 2 patients, with both relapsing [18]. There
are also reports of potential breakthrough of the tradi-
tional dosing schedule, but which responded to dose

100 Am J Nephrol 2018;48:96-107
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increase [24]. Finally, a low cost and low risk method
utilized in some studies is home urine dipstick testing
for evidence of hemoglobinuria; this method merits
further exploration in those at high risk for relapse, and
could be measured by patients between scheduled in-
office follow up with physicians. Fakhouri et al. [20]
proposed a strategy for considering eculizumab discon-
tinuation in aHUS, which notably recommends at least
6 months of therapy.

Bottom Lines

o In aHUS, the risk of relapse after eculizumab discon-
tinuation is high (30%) with unpredictable timing;
available data suggests indefinite therapy remains the
most reasonable recommendation.

« For patients who wish to stop therapy, careful discus-
sion of the risks outlined in this section should be held
with the patient.
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o Prospective data is lacking to adequately stratify risk of
relapse after eculizumab discontinuation; risk may be
increased by certain complement protein mutations.

 Small series and in vitro data suggest that prolonging
intervals between doses of eculizumab based on CH50
results may be safe.

» No standard approach exists to monitor for relapse af-
ter eculizumab discontinuation; a reasonable strategy
is to follow hemoglobin, platelets, serum creatinine,
and lactate dehydrogenase (LDH) in the following
schedule after stopping drug: at 2 and 4 weeks, then
monthly for 6 months, then every 3-4 months.

Drug-Induced TMA

Multiple case reports, series and systematic reviews
have highlighted an association between certain drugs
and the development of TMA. Historically, quinine was
the most frequently implicated; contemporary drugs
include anti-neoplastic agents gemcitabine, oxaliplatin
and mitomycin, bevacizumab, tacrolimus, cyclosporine,
and sirolimus [25]. Proposed mechanisms for drug-in-
duced TMA (dTMA) include direct cytotoxic or im-
mune-mediated damage to host tissues, the latter mech-
anism via formation of drug-dependent auto-antibod-
ies Both of these mechanisms have been suggested to
cause damage to endothelial and renal mesangial cells,
platelets, and neutrophils [2, 25]. The natural history of
dTMA typically reflects the underlying mechanism; cas-
es of immune-mediated disease show acute onset within
2-3 weeks of drug initiation or upon re-initiation of an
intermittently administered drug, in a pattern typical for
hypersensitivity reactions [25]. Cytotoxic damage can
present with variable patterns but tend to manifest as ei-
ther acute TMA following initial exposure to a drug, or
slowly progressive TMA with cumulative drug exposure,
commonly detected as progressive CKD and hyperten-
sion [25].

Treatment of dTMA consists primarily of stopping the
offending drug and supportive care. The involvement of
the complement system, however, has been suggested
based on published experience using eculizumab in this
setting (Table 2), most with the use of gemcitabine. The
largest, multi-center case series by Grall et al. [26] re-
viewed 8 patients with gemcitabine-induced TMA. Ecu-
lizumab was initiated within a median of 19.5 days of
dTMA diagnosis, with a median of 4.5 doses given. About
6 of 8 (75%) patients showed hematologic recovery after
a single dose. Similarly, renal function partially or com-

When to Stop Eculizumab

pletely resolved in 6 of 8 (75%) patients, though time to
renal recovery was not reported. Five of the patients even-
tually died from other complications of progressive ma-
lignancies, while 3 patients remained alive after eculi-
zumab cessation (time not reported).

The second largest series published by Weitz and De-
loughery et al. [27] included 7 patients, 4 of who were
treated with gemcitabine; others received dasatinib, beva-
cizumab, and bleomycin. All cases had refractory TMA
despite discontinuation of the culprit drug for at least
8 weeks. All 7 cases showed improvement in hematologic
parameters and/or renal function over a median treat-
ment period of 14 weeks. After cessation of eculizumab
and over a follow-up period of 120 weeks, no patients ex-
perienced recurrent TMA.

Other case reports have shown similar outcomes with
eculizumab use. In some of these cases, eculizumab was
stopped after as few as 2 doses, though some were treated
foraslongas 15 months [28]. As with aHUS, all published
cases of dTMA treated with eculizumab found that hema-
tologic recovery occurred rapidly (within weeks), while
renal recovery often took months [28]. The criteria for
stopping eculizumab in these cases are not consistently
listed, but therapy was typically continued until substan-
tial improvement in thrombocytopenia and anemia and
diminished signs of hemolysis.

Similar to other forms of TMA, identifying risk factors
for dTMA recurrence is crucial. Mutations in comple-
ment proteins may predispose patients to dTMA, with
the drug serving as the second “hit” for development of
overt disease, though data on this association are current-
ly lacking and can only be inferred from studies on other
forms of sHUS such as the post-transplant setting. Cur-
rently, given the paucity of data on outcomes of dTMA
treated with eculizumab in any setting other than gem-
citabine, universal recommendations on risk-stratifica-
tion to guide dose alterations cannot be made. In cases of
gemcitabine-induced dTMA, however, we feel it is rea-
sonable to utilize eculizumab for refractory cases and that
eculizumab discontinuation can be safely accomplished
once hematologic remission has been achieved, as sug-
gested in the following recommendations.

Bottom lines

 In select cases of refractory dTMA unresponsive to
culprit-drug discontinuation, a trial of eculizumab
should be attempted.

 Eculizumab should be administered in doses typical-
ly used for aHUS (Induction: 900 mg IV weekly for
4 weeks. Maintenance: 1,200 mg IV every 2 weeks).

Am ] Nephrol 2018;48:96-107 101
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 Eculizumab should be continued at least until hema-
tologic recovery; renal function may take months to
recover.

« Similar to aHUS, close monitoring of hemoglobin,
platelets, serum creatinine, and LDH after eculizumab
discontinuation should be employed.

Transplant-Associated TMA

Another form of sHUS encountered with increasing
frequency is transplant-associated TMA (TA-TMA). Due
to discrepancies in diagnostic criteria, the incidence of
TA-TMA after hematopoietic stem cell transplant
(HSCT) and solid-organ transplant is variable, at 6-76%
and 1-15%, respectively [29]. The pathophysiology of
solid organ and HSCT TMA remains poorly understood,
but is suspected to involve a similar constellation of en-
dothelial damage, hemolysis, and platelet activation.
However, in TA-TMA, as with many other forms of
sHUS, the disease process is often initiated by phenom-
ena distinct from, or only indirectly related to, comple-
ment activation [3]. Nonetheless, recent studies have im-
plicated complement activation via both the classic and
alternative pathways, which have subsequently led to the
off-label use of eculizumab in this setting [13, 14].

Risk factors for the development of TA-TMA include
chemotherapy and radiation components of the condi-
tioning regimen in patients receiving HSCT, exposure to
calcineurin inhibitors (CNI) used for immune suppres-
sion, unrelated organ donors, human leukocyte antigen
mismatch, graft-versus-host disease (GVHD), and viral
infections [14]. In addition, complement protein muta-
tions and auto-antibodies have been implicated in
TA-TMA, both as a risk for initial and recurrent TMA.
Jodele et al. [13] reported a series of 6 pediatric cases of
HSCT TMA, all of which had heterozygous deletions in
CFHR3-CFHRI, as well as some having anti-factor H an-
tibodies. A prospective study of 77 pediatric patients un-
dergoing HSCT similarly demonstrated a high rate (65%)
of complement gene variants in those developing TMA,
compared to only 9% seen in those who did not develop
TA-TMA [30]. Mutations in CFH and CFB [31] have been
found to confer the highest risk of aHUS recurrence in
solid-organ allografts, and for this reason, guidelines from
the “Kidney Disease: Improving Global Outcomes
(KDIGO)” group recommend genetic testing prior to con-
sidering the discontinuation of eculizumab for aHUS [31].

Given the complexity of transplant physiology, it can
be difficult to establish which of these risk factors are

When to Stop Eculizumab

most significant. Overlap of pathophysiologic mecha-
nisms with other forms of complement-mediated TMAs
are entirely possible, particularly when drugs such as
CNIs are implicated. This makes diagnostic criteria for
TA-TMA challenging; besides the typical features of
thrombocytopenia, microangiopathic hemolytic anemia,
renal failure, and neurologic impairment, no widely en-
dorsed diagnostic criteria have been established, and
what criteria do exist have not yet been validated in clini-
cal practice [32-34].

Prognosis of TA-TMA is historically poor, with a re-
ported overall survival after HSCT of 50-75% [35]. In sol-
id-organ transplant, outcomes can be similarly severe,
with a reported rate of renal allograft failure of 60-100%
with conservative measures alone [29]. The first step in
treatment involves prompt discontinuation of culprit
drugs, particularly CNIs [32, 35]. Plasma exchange was
historically used for refractory cases, though as with
aHUS, the efficacy of this practice has been questioned
[36]. Other options include intensification of immuno-
suppression with alternative agents, or complement inhi-
bition via eculizumab [37].

Large, prospective studies examining eculizumab in
this setting are lacking. Existing case reports, series, and
cohort studies of eculizumab use in the transplant setting
are summarized in Table 3. Several of these studies have
reported encouraging response rates, but these results
should be tempered with the poor overall survival, par-
ticularly after HSCT, of patients who often succumb to
other transplant complications despite sustained eculi-
zumab response. A retrospective cohort study by Bohl et
al. [38] of patients with TA-TMA after HSCT treated with
eculizumab vs. conventional therapy illustrates this well;
despite an initial response (defined as transfusion-inde-
pendence and improvement in renal function) of 93%
(13/15) after a median of 9 doses of eculizumab, the over-
all survival at 30 weeks was only 33% (5/15). Non-menin-
gococcal infections accounted for 70% of the deaths, and
progressive TA-TMA accounted for only 20% of the
deaths. One TMA relapse after eculizumab cessation was
reported.

Other series have shown less favorable outcomes with
eculizumab; one study published in abstract form by
Vaughn et al. [39] reported outcomes of 20 adults with
TA-TMA after HSCT treated with eculizumab, with a re-
sponse rate of only 55% (defined as transfusion-indepen-
dence and creatinine improvement). Responders received
a median of 6.5 doses of eculizumab. No comment on re-
current TMA was made. This study did, however, report a
significantly reduced median cost of inpatient care and
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length of stay when comparing eculizumab respondersand
non-responders (USD 259,734 vs. USD 1,525,758,and 9 vs.
61 days, respectively). Factors conferring a significantly
higher chance of eculizumab refractoriness included older
age, active GVHD, and number of comorbidities.

TA-TMA following solid-organ transplant has been
reported in a wide spectrum of donor organ types includ-
ing renal, small bowel, lung, liver, heart, and pancreas [12,
14, 40]. In existing case series, better outcomes have been
observed in TA-TMA associated with solid organs.
Dhakal et al. [14] summarized case series showing an ec-
ulizumab response rate of 100% (17/17) in solid-organ
transplants, but only 78% (7/9) of HSCT patients. In this
series, a median of 5 doses of eculizumab were given, and
at a median follow-up of 21 weeks, all survivors were
without recurrent TMA. In a more recent series including
15 cases of TA-TMA (13 of which were solid-organ trans-
plants), responses to eculizumab were seen in 12/15 (80%)
cases, with treatment duration lasting anywhere from 2 to
30 weeks [12]. The follow-up duration varied for each pa-
tient, though no recurrences of TMA were reported after
a maximum of 17.5 months follow-up [12]. Similarly, in
a recent smaller case series, responses were observed in
100% of those with solid-organ transplants [40].

It should be emphasized again that many cases of
TA-TMA may actually be related to other factors includ-
ing CNI use. Also, TA-TMA in the setting of hematolog-
ical malignancy may actually be driven by infection, late
conditioning toxicities or GVHD. This is reflected by out-
comes of TA-TMA treated with eculizumab stratified by
underlying reason for organ transplant. In solid-organ
TMA series previously described, renal transplants were
carried out for reasons other than previous TMA; out-
comes of subsequent TMA were universally favorable
with few, if any relapses. In contrast, TMA relapse tends
to occur more frequently after renal transplant performed
because of aHUS-mediated renal damage. Major clinical
trials of eculizumab for aHUS included patients who had
received prior renal transplants; of the 61 patients report-
ed in these trials, 16 (26%) had previous renal transplants,
and 25% of these (3/16) suffered TMA relapse after ecu-
lizumab cessation, a similar rate to all-comers who stop
therapy [18]. This is an important distinction, as cessa-
tion of eculizumab may only be a safe consideration in
those without a prior diagnosis of de novo aHUS.

Dosing of eculizumab TA-TMA has not yet been es-
tablished, and in most institutions, follows the FDA label
for aHUS [37]. Jodele et al. [13, 30] have proposed titrat-
ing eculizumab dose and frequency based on CH50 levels,
and suggest continuing eculizumab at least until resolu-

When to Stop Eculizumab

tion of hematologic abnormalities, followed by a mini-
mum of 4 treatments at maintenance dosing. Based on
available evidence, we feel discontinuing eculizumab in
this manner is reasonable.

Bottom lines

o TA-TMA may benefit from complement inhibition
with eculizumab in refractory cases despite discontin-
uation of suspected drugs and treatment of comorbid
infections and GVHD.

o In cases of TA-TMA not associated with a prior diag-
nosis of de novo aHUS, we agree with guidelines [30]
suggesting eculizumab treatment at least until resolu-
tion of hematologic abnormalities, followed by 4 ad-
ditional maintenance doses, before considering dis-
continuation.

« In cases of TA-TMA with a prior diagnosis of de novo
aHUS, available evidence suggests that indefinite com-
plement inhibition with eculizumab is the most rea-
sonable treatment.

o As with cases of aHUS and dTMA, close monitoring
of hemoglobin, platelets, serum creatinine, and LDH
after eculizumab discontinuation should be employed.

Future Directions

Relapse is a real concern for patients with comple-
ment-mediated HUS who choose to stop eculizumab.
There is clearly a subset of patients who will remain
free of relapse based on the currently available data [17,
18, 20, 21, 41], though how many of these patients
will relapse after many more years of follow-up is un-
known. Future work to better define the subset of pa-
tients who can safely stop therapy, ideally with the de-
velopment of a prospectively validated scoring system,
would be useful.

Several novel drugs targeting the terminal complement
pathway are currently in development, driven both by the
desire to overcome eculizumab resistance in PNH and
aHUS, as well as to improve patient convenience and cost
[42]. These include several second-generation anti-C5
monoclonal antibodies, C3 inhibitors, and small interfer-
ing RNAs (siRNA) engineered to inhibit transcription of
complement proteins. Several of these have garnered at-
tention for their subcutaneous route of administration
and positive efficacy and safety results from phase II and
111 clinical trials [43]. If approved for complement-medi-
ated TMAs, these drugs could ameliorate some of the con-
cerns surrounding the prolonged use of eculizumab.
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Conclusion

There is a substantial risk of TMA relapse when stop-
ping eculizumab in patients with aHUS. In cases of sHUS,

prospects for the treatment of complement-mediated
TMAs include novel complement inhibition therapies

nience.

however, select groups of patients (dTMA, solid organ
TMA, and HSCT TMA) appear to be able to discontinue

eculizumab and remain relapse-free for several years.

Stopping therapy in these patients after achievement of

hematologic remission, but with close clinical and labora-

tory follow-up, seems reasonable. For cases of aHUS, the

current data continue to argue in favor of indefinite ecu-
lizumab therapy. If patients or providers consider stop-
ping therapy, a careful discussion of the risks and benefits
as outlined here should be undertaken. Attractive future
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