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Abstract

Background Atypical hemolytic uremic syndrome (aHUS) is a rare, life-threatening thrombotic microangiopathy
(TMA) related to congenital mutations impeding control of the alternative pathway of complement. Following
approval of the complement C5 inhibitor eculizumab by the European Medicines Agency and the US Food and Drug
Administration, initial guidelines suggested lifelong therapy. Yet, growing evidence indicates that discontinuation of
eculizumab, or its long-acting form ravulizumab, is possible for many patients. This mixed-methods study sought to
explore international experts’ perspectives and experiences related to treatment duration in adult patients with aHUS,
while also estimating the financial and potential health consequences of early discontinuation.

Methods Between January and December 2023, we conducted 10 qualitative interviews with experts in the
treatment of aHUS, based upon which we constructed a quantitative decision tree, designed to estimate time on
treatment and treatment- and disease-related adverse events.

Results Thematic analysis of the interview data identified four main themes: (1) Concerns and prior experience; (2)
High-risk vs. low-risk groups; (3) Patient preference and adherence; and (4) Funding for monitoring and re-treatment.
Although most interviewees were in favour of considering treatment discontinuation for many patients (citing the
high cost, burden, and potential side effects of lifelong treatment as key reasons), a prior negative experience of
discontinuation seemed to make others more reluctant to stop. Deciding which patients required lifelong treatment
and which not involved consideration of a wide range of factors, including patient- and system-related factors. Cost-
consequence analysis demonstrated the financial savings associated with early treatment discontinuation at the
expense of increased risk of recurrent TMA events. Close monitoring for these events had the potential to minimise
any long-term injury, primarily renal, with an estimated one event per 100 patient years. For patients at high risk of
TMA and with poor adherence to monitoring, rates of renal injury rose to three events per 100 patient years.
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discontinuation.

consequence analysis

Conclusions aHUS treatment protocols are changing globally in response to new clinical evidence. Against this
backdrop, our mixed-methods study provides compelling evidence on the complexity of factors influencing
treatment discontinuation decisions in aHUS, as well as the financial and health consequences of early
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Background

Atypical hemolytic uremic syndrome (aHUS) is a rare,
life-threatening form of thrombotic microangiopathy
(TMA), characterised by microangiopathic hemolytic
anemia, thrombocytopenia, acute kidney injury, and
other organ involvement [1-3]. To date, the diagno-
sis must be made clinically, following exclusion of other
TMA causes [4]. The annual incidence of aHUS is esti-
mated to range between 0.23 and 1.9 per million popula-
tion, depending on region and age group [5], but this is
thought to be a significant underestimate [1]. Although
originally assumed to be a pediatric disorder, almost half
of all cases occur in individuals aged over 18 years [6].
Primary aHUS, accounting for an estimated 70% of all
aHUS, arises from congenital abnormalities of comple-
ment-related proteins that allow uncontrolled comple-
ment activity [1]. Secondary aHUS can be a consequence
of a variety of clinical scenarios, including pregnancy,
malignancy, autoimmune disease, infection, and certain
prescription medications [7]. Although also linked to
marked complement activation, identifiable complement
mutations occur in only 5-20% of cases [8, 9], rendering
differential diagnosis, treatment, and treatment duration
decisions challenging.

For many years, plasma infusion or exchange was the
sole therapeutic option for patients with aHUS. How-
ever, plasma therapy served only as a temporising mea-
sure, often improving peripheral hemolytic abnormalities
but having no effect on overall survival or development
of end stage kidney disease (ESRD) [1, 10]. In 2011, the
introduction of the humanized anti-C5 monoclonal anti-
body eculizumab radically transformed the landscape of
aHUS management, with most patients responding to
C5 inhibition and the risk of ESRD dropping to 10-15%
[11-13]. Lifelong treatment with eculizumab had since
become the standard of care, mainly owing to concerns
about the risk of aHUS relapses and further kidney injury.
In 2019, the longer-acting C5 inhibitor ravulizumab
was also approved for aHUS in the United States and,
subsequently, in other countries [14]. Ravulizumab has
the same mechanism of action as eculizumab, but has a
weight-based dosage regimen and requires less frequent
maintenance doses (once every 8 weeks vs. once every 2
weeks), therefore reducing infusion burden and associ-
ated adverse events [15-17].

Despite its efficacy, however, long-term complement
inhibition therapy comes with an enormous financial
cost, while also subjecting patients to an increased risk
of Neisseria infections, particularly meningococcal men-
ingitis, of ~0.6% per year despite vaccination, and the
burden of lifelong intravenous infusions [1, 18]. These
factors have prompted consideration of when and for
whom treatment discontinuation might be considered,
and there are currently several observational studies sug-
gesting that many patients can be safely removed, pro-
vided that they are carefully monitored for recurrence
of kidney injury [19-23]. This mixed-methods study
sought to meaningfully add to this growing evidence
base, by systematically exploring international experts’
perspectives and experiences of treatment discontinu-
ation in adult patients with aHUS, while also estimating
the financial and potential health consequences of early
discontinuation.

Methods

Between January and December 2023, we conducted
a sequential mixed-methods study [24], comprising of
10 qualitative interviews with international adult aHUS
treatment experts, based upon which we constructed a
quantitative treatment decision tree. Study procedures
were reviewed and approved by the Biomedical Research
Alliance of New York LLC Organizational Review Board
and the Weill Cornell Institutional Review Board (Study
Protocol: 21-07023785).

Expert interviews

A list of aHUS treatment experts was compiled based on:
(a) prior familiarity to the principal investigator (JL), who
is an internationally recognised expert on the treatment
of aHUS in adults; and (b) scope of knowledge, docu-
mented by recent publications and abstracts indicating
familiarity with under-recognized aspects of an aHUS
presentation that may impact treatment duration deci-
sions (e.g., post-partum HELLP (hemolysis, elevated liver
enzymes, low platelets), anti-phospholipid syndrome,
malignant hypertension). A total of 25 experts were con-
tacted via e-mail by the first two authors (EG and JC) and
were asked to participate in an online, qualitative inter-
view. Among those, 8 failed to respond and 7 declined to
participate. Common reasons for declining included: not
treating adult patients (i.e., working only with pediatric
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Table 1 Characteristics of participant specialists in adult
hematology or nephrology (n=10)
Characteristic

No of participants

Gender Male 6
Female 4
Specialty Hematology 5
Nephrology 5
Country USA 4
Germany 2
[taly 1
Spain 1
UK 1
Canada 1

populations), not currently invested in the treatment
of aHUS, and lack of time. Our final sample consisted
of 10 aHUS treatment experts (5 hematologists and 5
nephrologists) based in the United States, Canada, and
Europe (Table 1). The identity of the participants was not
revealed to the principal investigator.

Expert interviews were conducted via the Zoom video
conferencing platform by the first two authors (EG and
JC), who come from non-clinical backgrounds (i.e., social

Table 2 Questions included in the interview guide
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sciences) and have considerable experience in qualitative
research. All participants were in private rooms, either at
work or at home, with no one else present at the time.
Prior to each interview, details about how data would be
collected, analysed, and used were discussed, and signed
informed consent was obtained. Data were collected
using a semi-structured interview guide, which sought to
elicit participants’ views and experiences of: (a) manage-
ment of “straightforward” aHUS cases; (b) management
of “challenging” aHUS cases; (c) treatment monitor-
ing and management of relapse; and (d) considerations
guiding treatment discontinuation decisions. Questions
included in the interview guide are shown in Table 2.
Although all participants were asked the same set of
main questions, they were also encouraged to raise issues
that may not have been addressed in the discussion and
they considered important. The average duration of the
interviews was 28 min (range 17-45 min). No follow-up
interviews were conducted.

With participant permission, all interviews were
recorded and automatically transcribed using the Otter.
ai software. Transcripts were checked against the record-
ings and corrected where necessary. An inductive

Topic Main questions and probes

Introduction First of all, could you tell me a bit about yourself?
Probes:

« How many adult patients with aHUS do you typically treat in a year?
+What are the main challenges in treating these patients?
- How are treatment decisions typically made in your department?

Management of
‘straightforward’
cases

Probes:

+ What made this case straightforward?

+ How long was the patient left on treatment?
+ How often do you have cases like this?

« Is this how you typically manage such cases?
Management of
‘challenging’cases  Probes:

- What made it so challenging?

+How long was the patient left on treatment?
+ How often do you have cases like this?

« Is this how you typically manage such cases?
Treatment

monitoring and Probes:

If I asked you to give me an example of a‘straightforward’ case that you treated recently, how would this look like?

Looking back to your career so far, what would you say was the most ‘challenging’ case of an aHUS patient that you have treated?

Could you tell me a bit about the monitoring process and your approach to the management of relapse?

management of
relapse

Considerations
guiding treatment
discontinuation
decisions

Wrap-up

« How often do you monitor the patient during treatment? And after discontinuing treatment?

+How common is it for a patient to relapse after treatment discontinuation and what do you do in such a case?

« Based on your experience, what are common risk factors influencing relapse rates? What are common relapse consequences?
In general, what factors do you take into account when deciding to discontinue treatment?

Probes:

- If  asked you to rank all the factors that you've mentioned in terms of importance, would you be able to do so?

« Are there any non-clinical factors that you typically consider?

«Is mutational analysis readily available to you? How long does it take to get the results? How heavily do the results weigh on a
treatment duration decision?

« What kind of tools or types of evidence do you consider when deciding to discontinue treatment?

- How do patients typically react when hearing about the discontinuation of their treatment?

[Interviewer provides a brief summary of the discussion and asks for verification]

Is there anything else that you feel is important to mention?
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thematic approach was used for the analysis of the data
[25]. Experts’ perspectives on the treatment of aHUS
were coded, with similar codes grouped together to form
broader categories and then initial themes. Ongoing
refinements were made based on further examination of
data summaries and transcripts, and discussions among
the team. Final themes were organised in such a way as
to create a coherent narrative from collected data. The
principal investigator was not involved in the coding and
analysis of the data, to obviate potential influences on
data interpretation.

Cost-consequence analysis

A decision tree was developed based on the results of
the expert interviews and an existing treatment flow-
chart described by Laurence [20]. The decision point
was assumed to be the point at which a patient has been
stabilized on complement therapy (eculizumab or ravu-
lizumab), which could be somewhere between 3 months
and one-year following stabilization/remission of disease
based on clinical opinion and patient characteristics.

The decision tree developed deals with the first year
following the decision to withdraw treatment and com-
pares the expected outcomes with a decision to maintain
treatment. Four outcomes are considered:

1) Months on treatment (treatment cost).

2) Cases of TMA that are resolved without renal injury.

Continue with treatment

) Meningitis

No adverse event
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3) Cases of TMA that lead to long-term renal damage.

4) Treatment-related cases of meningitis.

The decision tree is presented in Fig. 1 and shows
the comparison to discontinue with the option to con-
tinue treatment over a 12-month period. The follow-
ing assumptions are used for patients continuing on
treatment:

« Patients are still at risk of a TMA event, but these
occur at a lower frequency because of treatment at
an estimate 3.6 events per 100 patient years [26].

+ TMA events that do occur on treatment resolve
without long-term renal injury.

+ There is an increased risk of infection associated with
treatment, but this is small at an estimated 0.6 cases
of meningitis per 100 patient years of treatment [27].

Where treatment is withdrawn, the following assump-
tions apply:

+ There is an immediate risk of relapse following
treatment discontinuation estimated to occur in 20%
of patients, rising to 40% in high-risk patients [21,
22].

+ For patients who experience an immediate relapse,
long-term treatment is re-initiated.

No renal damage) Continue Treatment

| .
\I Renal damage Continue Treatment

Continue Treatment

Continue Treatment

Discontinue?

—]

Immediate relapse

Meningitis

No renal damage
ge) Reinstate Treatment

Renal damage Reinstate Treatment

Reinstate Treatment

No adverse event

Reinstate Treatment

Discontinue treatment

No Relapse

Meningitis

No renal damage L . .
ge) Maintain discontinuation

Renal damage

Reinstate Treatment

Maintain discontinuation

No adverse event

Maintain discontinuation

A A AAAAANAANAAA

Fig. 1 Decision tree comparing the decision to discontinue treatment versus continuation of therapy in adult aHUS patients over 12-months



Germeni et al. BMC Nephrology (2024) 25:411

« TMA events occur in patients off treatment at a
higher rate than on-treatment estimated as 10.7
events per 100 patient years off treatment [26, 28].

« With adequate monitoring, the majority of these
events are resolved by re-initiation of treatment
without renal injury, but in a minority of cases,
estimated to be 10%, poor monitoring leads to late
treatment of the TMA resulting in long-term renal
damage.

+ Without treatment the risk of meningitis infection is
negligible.

For the purposes of keeping the decision tree model
simple, relapses following withdrawal of treatment are
assumed to occur immediately and TMA events are
assumed to occur midway through the year and assumed
to require 6 months of complement inhibitor therapy for
those whose treatment was discontinued.

Results

Expert interviews

Four main themes were identified from the analysis of
the interview data: [1] Concerns and prior experience; [2]
High-risk vs. low-risk groups; [3] Patient preference and
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adherence; and [4] Funding for monitoring and re-treat-
ment (Fig. 2). Each theme is presented in detail below,
along with representative participant quotes highlighting
and supporting key aspects of the theme.

Concerns and prior experience

Expert views on the optimal treatment duration for
adult patients with aHUS largely fell into two camps:
either keeping patients on treatment indefinitely to
avoid relapse or removing certain patients from treat-
ment after the first three or six months (duration varied
based on country and protocol followed). Although the
vast majority of interviewees were in favour of treatment
discontinuation — conditional on certain criteria being
met, such as improved renal function or resolved trig-
ger, if known, for aHUS development (e.g., pregnancy)
— a prior negative experience of discontinuation and
concerns about the consequences of a potential relapse
seemed to make others more reluctant to consider the
possibility of stopping: “In my own personal practice, it
has been really exceedingly rare for me to recommend that
a patient can discontinue their anti-complement therapy
for their aHUS. I have one woman who had postpartum
development of aHUS. And she was on therapy for three

CONCERNS AND
PRIOR EXPERIENCE

HIGH-RISK VS. LOW-
RISK GROUPS

PATIENT
PREFERENCE AND
ADHERENCE

FUNDING FOR
MONITORING AND
RE-TREATMENT

Fig. 2 Main themes identified from the qualitative data analysis
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or four years, she was doing great, she really wanted to
come off. It was right around the same time that the Ital-
ian data came out about that you could potentially stop
people. And she came off and she had a recurrence about
six months after she stopped. So, she’s back on now. So, you
know, I think that, in part, it has to do with your patient
population. But I think, in part, it also has to do with
respecting the potential underlying polymorphism or other
abnormalities in complement regulatory proteins that are
not going to go away and that are going to continue to put
patients at risk” (Participant 4, USA).

Among experts supporting treatment discontinua-
tion, concerns about the burden, high cost, and poten-
tial side-effects of lifelong treatment were often cited as
key reasons: “You know, I often use the analogy of a chest
infection. If you have a chest infection, you go on antibi-
otics. You might get another chest infection in two years’
time, but you don’t stay on antibiotics to prevent it from
happening two years later. You treat it when it flares up.
And I see us moving in this country into that type of pro-
tocol for patients with aHUS, where we treat for a flare,
and for a period following that to allow adequate estab-
lishment of remission, but then those patients will stop.
Now, there may be some patients who just flare and flare
and flare, and you think, you know, actually this is not
working, and we just put them on it and park them on it
long-term. But, you know, if youre 28 years old and you
have your first episode of aHUS and we treat it, if it goes
into remission, it could be another 28 years before you
get another one. And you'll be on treatment for 28 years
unnecessarily. With both the cost and the additional
risk of meningococcal sepsis for that period, unnecessar-
ily... So, I think that carrying on treatment indefinitely,
blindly in all patients, is to the detriment of a significant

Extra-renal manifestations
Previous relapse episodes
Rapidity of treatment response
Disease severity at presentation
Family history of prior TMA
Chronic kidney disease stage
Presence of mutations conferring a high risk of recurrence
Presence of renal transplant
Patient age at first episode

Improvement in kidney function
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proportion of patients because of the burden and risk of
treatment” (Participant 5, UK). In addition, emerging
evidence and a growing international consensus that life-
long treatment is not necessary for all patients, were also
frequently mentioned: “In general, I think all experts now
agree that when there are no pathogenic barriers, muta-
tions, in complement genes, you can be confident about
eculizumab discontinuation, because the risk of relapses
is low. There are prospective studies now, particularly this
wonderful study from the French group, showing these dif-
ferences in the risk of relapses according to the presence or
not of a genetic mutation” (Participant 1, Spain).

High-risk vs. low-risk groups

As shown in Fig. 3, deciding which patients required
lifelong treatment and which not, typically involved the
consideration of many factors, including: improvement
in kidney function, patient age at first episode, presence
of renal transplant, presence of mutations conferring
a high risk of recurrence, chronic kidney disease stage,
family history of prior TMA, disease severity at presen-
tation, rapidity of eculizumab response, previous relapse
episodes, as well as extra-renal manifestations: “Peo-
ple where I would be somewhat more reluctant to stop,
because the relapse rates are higher than other patients,
are people with, you know, the stronger or more patho-
genic complement mutations, such as a factor H, or C3, or
a factor I mutation... Also, people who have already lost
a kidney. Or if they’re running on a renal transplant, I'm
more reluctant to stop. And I will often not stop in those
cases. And finally, people who were diagnosed very young,
like, you know, the kid who had the first episode at the age
of 2 is different from the woman who has it at the age of
55. These are typically the patients that I will steer away

o

1 2 3 4 5 6 7 8

©
-
o

Fig. 3 Key clinical factors guiding treatment decisions for adults with aHUS, including number of experts mentioning each factor
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from discontinuation. Youre more cautious with those
patients. But these are very few cases, most of my patients
do stop” (Participant 9, USA).

Although the results of mutational analysis weighted
heavily on participants’ treatment and discontinuation
decisions, these were not considered in isolation: “Our
general approach is we'll send complement genetics with
next generation sequencing right from the beginning and,
hopefully, we'll have that within about four to six weeks
from the send-out. So, by the time we get to a point where
we would be thinking about stopping, we have that infor-
mation. So, our general approach is, if they don’t have a
mutation, those would be the patients where we would be
more comfortable in stopping. Now, that said, they have
to have shown complete hematologic response, we want
to hopefully see also complete kidney improvement, or at
least stability, for at least a couple of months, and no evi-
dence of extra-renal manifestations of the disease, as we
want to make sure that they're very comfortable and sta-
ble at that point. For patients who do have an identified
genetic mutation, we will typically continue longer term,
at least for a year” (Participant 10, Canada).

Patient preference and adherence
Apart from clinical factors described above, all partici-
pants highlighted the crucial role that patient preference
and adherence played in their treatment and discontinu-
ation decisions: “With almost everybody we have the dis-
cussion, ‘do you want to stop or not’? And, in most cases,
the discussion is actually quite well received. There is
a minority of patients, I think I'd say 10 or 20%, who do
not want to hear about it and with those we will continue
treatment, because the patient has to be comfortable with
the decision. Because it comes with fairly close monitoring
after that. But the majority are very open to it. I think it
also depends on your relationship with the patient. If they
have confidence that you're going to monitor them, that’s
going to be okay, most of them are willing to consider stop-
ping, particularly in the eculizumab era, when people
were getting infusions every two weeks. After a while they
got tired of that and wanted to see if they could go with-
out it. At least in my experience. I've had less of that with
ravulizumab because, you know, once every two months
they say, ok, I could do this longer” (Participant 9, USA).
Based on experts’ accounts, patterns of patient prefer-
ence seemed to vary according to: patient age and disease
severity (i.e., older patients and patients with aggres-
sive aHUS were typically more afraid to stop), access to
ravulizumab (i.e., patients were more willing to continue
treatment in cases where ravulizumab was available), and
existing protocols in each country (i.e., in countries, such
as the UK, where lifelong treatment is the current stan-
dard of care, patients were perceived as more reluctant
to stop, whereas in countries that had already adopted a

Page 7 of 11

time-limited protocol, patient requests for stopping were
reported to be more frequent): “I think part of what’s
happening now is that patients themselves are hearing
that some patients are having successful discontinuation.
So, even those patients who have genetic mutations are
asking to stop, or they’re bringing that up as a treatment
decision. And it’s never an absolute ‘yes’ or an absolute ‘no’
for patients if they are aware of that potential risk. Even
if they do have a known mutation, we'll stop it. You know,
everybody’s going into it eyes wide open, and we moni-
tor them very closely with blood work” (Participant 10,
Canada). Patient adherence to monitoring, which typi-
cally included frequent self-checks with urine dipsticks
and blood pressure monitoring, was seen as a decisive
factor for treatment discontinuation, especially in cases
where close monitoring was not always possible: “But
then you need a very compliant patient who really swears
that when they feel bad, or they have any kind of infection,
or any problem, that they will do urine sticks or go to the
doctor to draw blood. Because they’re all very far away,
they can’t come to me, I don’t have the capacity to do the
regular routine work-up” (Participant 7, Germany).

Funding for monitoring and re-treatment

There was a consensus that immediate access to treat-
ment (i.e., within 24 to 48 h), should a relapse be docu-
mented or suspected, was a prerequisite for reaching a
discontinuation decision. This, however, was not with-
out challenges and several experts narrated instances of
having to ‘negotiate’ or ‘convince’ decision-makers for
funding of monitoring activities and re-treatment: “The
benefit with our programme with the Ministry of Health
is that we were able to convince them to give us what they
call ‘background funding’ So, if we do stop, it’s still there
and we don’t have to go through the initial approval pro-
cess again. So, if there is evidence of recurrence of disease,
even just on labs and not clinically, we can start the drug
very quickly again, and we can hopefully prevent any long-
term outcomes” (Participant 10, Canada). Broader issues
of how health care systems are supporting off-treatment
monitoring were also raised: I think the problem is that
health systems are very used to monitoring patients who
are on a treatment... What's less clear is monitoring
patients who are off treatment, and how health care sys-
tems do that. Because if anything, if you think of an aHUS
patient, they’re more at risk off their treatment than they
are on treatment. But you can easily get funding to moni-
tor lytic activities, whatever, once the patient is on treat-
ment. They stop that treatment, you put them into a more
at-risk position. And then you got to say, ‘well, how is that
going to be funded?’ So, it'’s getting the commissioners to
think slightly differently about this. And what you need to
do is you actually need to take some of the funding that
was used for the drug, whilst the patient was on, to move
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Table 3 Consequences of stopping versus continuing anti-
complement treatment in adults with aHUS over a 12-month
period

Long-term Months on TMA TMA Men-

treatment  treatment resolve damage ingi-

tis

Stop  21% 29 8% 1% 0%

Con-  100% 12.0 4% 0% 1%
tinue

TMA: thrombotic microangiopathy

that into monitoring protocols, which will be actually far
cheaper, better for the patient in many, many cases, but
not free of cost. And I think there is an issue there that
needs to be addressed at a systems level about monitor-
ing people not on treatment. And that is something that
we are negotiating at the moment about how we do that,
because particularly in a centralised system like ours, if
we are making a decision to stop somebody, and therefore
taking clinical responsibility for that decision, we need to
be able to monitor that patient adequately” (Participant
5, UK).

Cost-consequence analysis
Applying the decision tree of Fig. 1 gives the results pre-
sented in Table 3 for a one-year period following cessa-
tion of treatment compared to continuation of treatment.
The model predicts that by 12-months after the decision
to discontinue treatment 21% of subjects will have been
returned to long-term treatment, with an average treat-
ment period of 2.9 months over the course of the year. Of
patients discontinuing, 8% are predicted to have a TMA
that resolves without long-term renal injury compared to
just 4% in the group that continues treatment. However,
1% of patients are predicted to experience a TMA event
that results in renal damage compared to no patients in
the treated group. By contrast, patients on-treatment are
at risk of serious infections such as meningitis compared
to patients off-treatment, with the risk approaching 1%.
The results of Table 3 are based on expected event rates
for an “average” adult patient with aHUS. However, it
is clear from the expert interviews reported above that
treating physicians are concerned with high-risk patients
and with adherence to monitoring once off treatment.
Two scenarios for the basic model are therefore explored.
In the first, the underlying risk of a TMA/relapse is dou-
bled to reflect higher than average risk of poor outcomes
for some types of patients [22], including those with prior
experience of TMA outcomes and/or a genetic trigger for
their aHUS condition (primary aHUS). In the second sce-
nario, the proportion of TMAs assumed to cause damage
is doubled representing a situation where poor adherence
to a self-monitoring protocol results in late presenta-
tion of the TMA with consequent higher risks of organ
damage.
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Table 4 Scenarios relating to risk of TMA recurrence, including
adherence with self-monitoring, in adults with aHUS

Long-term Months on TMA TMA Men-
treatment  treatment resolve damage ingi-
tis
High risk of TMA
Stop 41% 5.6 14% 1% 0%
Con-  100% 12.0 7% 0% 1%
tinue
Poor adherence to self-monitoring
Stop  22% 29 8% 2% 0%
Con-  100% 12.0 4% 0% 1%
tinue
High risk of TMA and poor adherence to
self-monitoring
Stop  43% 56 13% 3% 0%
Con-  100% 120 7% 0% 1%
tinue

TMA: thrombotic microangiopathy

The results of these two scenarios, plus the scenario
where high risk and poor adherence to self-monitoring
occur together are presented in Table 4, which shows that
the impacts of these scenarios are relatively modest. The
key outcome of TMA resulting in damage doubles under
each scenario to 2% of the off-treatment group, rising to
3% if the two conditions occur together.

Discussion

aHUS treatment protocols are changing globally in
response to new clinical evidence. This mixed-methods
study, comprising of qualitative interviews with interna-
tional aHUS treatment experts and a quantitative deci-
sion tree analysis, sought to inform optimal treatment
duration guidelines for adult patients with aHUS. The
qualitative study is the first to systematically explore the
complexity of factors influencing treatment discontinua-
tion decisions in adult patients with aHUS. In terms of
generalizability of these opinions and ability to incorpo-
rate this information in general practice, it is recognized
that all interviewees were part of large university-based
hematology or nephrology practices. As such, they had
the capacity to do complement mutation analyses either
in-house or as send-out tests. They also had access, usu-
ally within 12-24 h, to eculizumab and ravulizumab,
enabling rapid drug re-initiation once discontinued. As
aHUS is a rare and complex disorder, clinicians treat-
ing such patients or responsible for their follow-up,
must either have similar access, or refer patients to
facilities with such expertise and access. In addition, we
limited participants to those nephrologists and hema-
tologists treating adult aHUS patients, to remove age
as a complicating factor in these discussions. For exam-
ple, as described in a recent review [20], a large French
aHUS registry study found that the number of relapses
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following resolution of renal dysfunction and a median
treatment duration for eculizumab of 17.5 months was
higher among adults than children, thought to be a
consequence of divergent types of complement-related
mutations in the two populations, but a multinational
observational study reported off-treatment TMA rates
lower, not higher, in those>18 years of age. A paral-
lel investigation of treatment duration decisions among
pediatric aHUS experts would be valuable.

Our results suggest that, although the majority of inter-
viewees were in favour of treatment discontinuation
(citing the high cost, infusion burden, and potential side-
effects of lifelong treatment as key reasons), a prior nega-
tive experience of discontinuation seemed to make others
more reluctant to stop. Deciding which patients required
lifelong treatment and which not, involved the consider-
ation of a wide range of factors, including not only clini-
cal (e.g., presence of mutations conferring a high risk of
relapse), but also patient- and system-related factors (e.g.,
patient adherence to monitoring, availability of funding
for re-treatment). Adherence to at-home monitoring for
proteinuria, hematuria, and increased blood pressure,
enabling rapid re-introduction of drug (within 7 days but
ideally within 48 h) to preclude irreversible tissue injury,
was stressed by all participating experts. For the patient
this meant “having confidence” that they are being moni-
tored effectively, while the physicians stressed their own
assessment of an individual’s reliability to complete mon-
itoring protocols. In terms of facilitating such adherence,
a majority of experts noted the need for funding from
health ministries to enable its oversight. While specifics
of possible monitoring protocols were not provided, nor
were they requested during these interviews, given that
most aHUS relapses post-treatment occur within the
first three months [20], many aHUS treating physicians
rely on frequent (twice weekly for the first month, then
weekly for the next two months) at-home testing docu-
mented by appropriately timed nurse or physician assis-
tant telephone checks, accompanied by office visits at
varying intervals for laboratory testing.

Our finding that a prior negative experience with dis-
continuing treatment influenced treatment duration
was surprising, but perhaps should not have been. Non-
clinical influences on clinical decision making are well-
recognized impediments to evidence-based practice,
particularly in the context of rare conditions when what
amounts to single case reports — anecdotal testimonies
from physician colleagues or the physician’s own practice
— assume an outsized influence on a medical decision
[29]. Our study argues for an international consensus
conference to explore issues surrounding aHUS treat-
ment duration.

The simple treatment duration decision tree presented
in Fig. 1 estimated the potential reduction in time off
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treatment for an average adult aHUS patient, as well as
the potential adverse risks of events for both treatment
(serious infection such as meningitis) and discontinuing
treatment (increased risk of TMA and resulting renal
damage). It is clear that, for patients with aHUS, the
risk of TMA, when off treatment, is increased relative to
being on treatment [28]. Yet, with close attention to self-
monitoring, re-initiation of anti-complement therapy can
resolve the TMA with very little risk of long-term kid-
ney damage. While this encourages the consideration of
treatment discontinuation, other long-term studies note
the poorer kidney outcomes for those discontinuing anti-
complement therapy compared to those remaining on
treatment [30].

The close monitoring requirements of treatment dis-
continuation relies primarily on the self-administra-
tion of urine dipstick tests, along with physician visits
for blood workup in the event of infection episodes
[20]. Since these tests detect kidney damage after it has
occurred, they are less than ideal and require prompt re-
initiation of treatment to reverse kidney damage. To date,
much of the concern about high-risk patients has been
related to the rate of TMA/relapse, but an alternative def-
inition of a high-risk patient might consider those whose
kidney function is already compromised (e.g., stage IV
CKD patients) and for whom further renal injury could
result in the need for dialysis or transplantation.

Although a very serious condition, the incidence of
meningococcal meningitis with anti-C5 therapy (includ-
ing for paroxysmal nocturnal hemoglobinuria) is low,
about 0.6 event/100 patient years [27]. Yet, meningococ-
cal prophylaxis prior to initiating anti-C5 therapy, and
continued vigilance for symptoms of meningococcal
infection during treatment and for a period post treat-
ment discontinuation, is critical. Specifically, as man-
dated by the U.S. REMS (Risk Evaluation and Mitigation
Strategy) program, all individuals must be vaccinated
against Neisseria meningitidis serotypes A, C,W, Y and B
14 days prior to initiation of eculizumab or ravulizumab.
If this is not feasible, then 14 days of prophylactic anti-
biotics (e.g., ciprofloxacin, phenoxymethylpenicillin,
rifampicin) should be started with vaccination on the
day of anti-C5 initiation. For individuals who are immu-
nocompromised, or in areas with a high incidence of
meningococcal serotype B, it may be prudent to continue
prophylactic antibiotics for the duration of anti-C5 ther-
apy. Vaccine boosters should be administered as per U.S.
ACIP (Advisory Committee on Immunization Practices)
guidelines. Furthermore, in the context of treatment
discontinuation decisions, given the known duration of
action of eculizumab vs. ravulizumab, vaccine protection
and/or prophylactic antibiotic use should be continued
for 3 months or 8 months post-eculizumab or ravuili-
zumab discontinuation, respectively. Risk of infection is,
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however, outweighed by the benefits of reduced TMA
events.

The principal benefits of anti-C5 discontinuation is
patient convenience in terms of no longer requiring infu-
sion and the financial benefits (to the system and poten-
tially the patient in the form of co-pays) of discontinuing
what is a very financially burdensome therapy. The yearly
cost of eculizumab in the US is circa $600,000 including
administration, though this can be reduced by approxi-
mately 1/3 with a switch to ravulizumab, due largely to
the reduced dosing schedule from 2-weekly to 2-monthly
[31]. Nevertheless, this circa $400,000 cost of ravuli-
zumab is still a huge burden and the model here shows
this could be reduced by a further 79% (59% for high-risk
patients) to circa $80,000 ($160,000) by discontinuing
therapy in those that remain in remission. In this context,
it should be noted that shortly after completion of these
interviews, two interchangeable biosimilars to eculi-
zumab were approved by the EMA, Bikemv (eculizumab-
aeeb) (Amgen) and Epysqli (Samsung Bioepic). The
former was also recently approved by the FDA and will
be available in the U.S. in March 2025. The magnitude
of expense linked to eculizumab use is thus expected to
decline worldwide—one rationale for its FDA approval,
to “support a competitive marketplace” [32]. In terms
of patient quality of life, they still must be administered
bi-weekly, as opposed to ravulizumab, which is infused
bi-monthly.

Given the PI's knowledge of the use of anti-comple-
ment therapies by all 25 experts initially approached,
either from his personal interactions with such experts
or review of their publications, we are confident that the
10 interviewed experts represented groups without a bias
against long-term C5 blockade, regardless of what param-
eters to determine treatment duration were utilized.
However, it was clear that one dissenting opinion, held by
at least two of the 15 declining to be interviewed, is miss-
ing from this qualitative study: the concept that presence
of a renal allograft should not be a strong criterion for
life-long use of anti-complement treatment. This is based
on their national cost-effectiveness considerations, not-
ing that while failure to continue such therapy appears
to result in an inferior survival rate of such allografts,
patient survival was not threatened. It is a minority opin-
ion internationally which, as noted in a recent review
[20], contradicts a consensus statement from an inter-
national group of experts that “transplant patients, espe-
cially those who have lost previous allografts, are not
good candidates for treatment cessation”

The main limitation of the decision tree approach to
treatment duration was to limit the analysis to the first-
year post discontinuation when anti-complement therapy
is potentially lifelong. The event rates and financial con-
sequences identified in this first year could form the basis
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of a longer-term extrapolation model, similar to that
conducted by Wang and colleagues [31]. Yet, it should
be clear that any such extrapolation model would sim-
ply project the identified annual events and savings into
the future while the subjects remain alive. With potential
savings of circa $320,000 per year for the average patient,
any lifelong model would predict many millions of dol-
lars-worth of financial savings over subject lifetimes, with
a similar annual risk of adverse events.

Conclusion

aHUS treatment protocols are changing globally in
response to new clinical data, permitting a more
informed approach to risk vs. benefits in discontinuation
of therapy. Clinical decision analysis is one tool allowing
decision makers to apply evidence-based approaches to
make more objective drug termination decisions. Our
mixed-methods study provides compelling evidence as
to the complexity of factors influencing treatment dis-
continuation decisions in adults with aHUS, including
recognition of groups at high vs. low risk for relapse, the
value of shared decisions with patients, ensuring that the
patient is comfortable with the decision and the necessity
of adherence to close monitoring, and the financial and
health consequences of early discontinuation.
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