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Neurogenic orthostatic hypotension (nOH) is the most com-
mon clinical manifestation of cardiovascular autonomic dys-
function in the synucleinopathies, a group of neurodegenera-
tive clinical syndromes including pure autonomic failure, 
Parkinson disease, dementia with Lewy bodies, and multiple 
system atrophy. The presence of nOH in the synucleinopa-
thies has been associated with a more rapid disease progres-
sion, shorter survival time, higher incidence of hospitaliza-
tions, and higher risk for cognitive impairment and falls [3, 
4]. Available therapeutic options for nOH are limited, and 
include sympathomimetic such as midodrine, the norepi-
nephrine precursor droxidopa, the mineralocorticoid ago-
nist fludrocortisone, and the reversible acetylcholinesterase 
inhibitor pyridostigmine [9]. Among these, only midodrine 
and droxidopa have been approved by the U.S. Food and 
Drug Administration (FDA) for the treatment of nOH. Some 
of the limitations of these medications include side effects 
(e.g., headache, scalp pruritus, diarrhea, urinary retention, 
supine hypertension), lack of response in a significant subset 
of patients, and multiple daily dosing. Consequently, there 
is a need for novel therapies to treat nOH. This is where 
the story of norepinephrine transporter (NET) inhibition in 
autonomic failure begins.

Blood pressure effects from NET inhibition result from 
a balance between centrally mediated alpha-2 effects and 
a peripheral vasopressor action. Whereas in healthy sub-
jects use of NET inhibitors results in little or no change in 
blood pressure, in patients with efferent baroreflex failure 
the peripheral effect prevails [11]. Shibao and colleagues 

first showed that atomoxetine, a NET inhibitor commonly 
used for the treatment of attention deficit and hyperactiv-
ity disorder (ADHD), induced a hypertensive response in 
a small group of patients with central autonomic failure, 
even at low doses, with an efficacy comparable to midodrine. 
The pressor response to atomoxetine seems to be positively 
correlated with plasma norepinephrine levels [10, 12, 13].

Enter ampreloxetine, a novel long-acting inhibitor of the 
cell membrane NET. In this issue of Clinical Autonomic 
Research, Kaufmann and colleagues report the safety and 
efficacy of ampreloxetine to treat nOH, in a small phase 2 
clinical trial [5]. This phase 2 multicenter study of amprelox-
etine included three different parts [5]. In Part A, partici-
pants received a placebo on day 1 and an ascending dose 
of ampreloxetine (1–20 mg) on days 2–5. The primary end-
point was the change in seated systolic blood pressure (SBP) 
6–8 h post-ampreloxetine. Responders were identified by an 
increase of ≥ 10 mmHg in seated SBP with ampreloxetine 
versus placebo. In Part B, responders were randomized (1:1) 
to ampreloxetine, at the dose of 1.5 times their highest effec-
tive tolerated dose during Part A, or placebo for one day and 
the same primary endpoint was used. Part B enrollment was 
terminated early after the inclusion of only 10 patients due 
to subjective improvement in the ampreloxetine group that 
lead to an amendment of the protocol. Part C was an open-
label extension phase where participants received amprelox-
etine (starting dose of 50% of the highest effective tolerated 
dose in Part A with subsequent increase up to 20 mg once 
daily) for 20 weeks followed by 4 weeks of withdrawal. The 
primary endpoint for Part C was the change from baseline 
in the first question of the Orthostatic Hypotension Symp-
tom Assessment (OHSA #1) scores at week 4. OHSA #1 
assesses subjective dizziness, lightheadedness, feeling faint, 
or feeling like blacking out. The score ranges from 0 to 10, 
with 10 being the most severe. Ampreloxetine was overall 
well tolerated. During Part B, seated SBP was significantly 
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higher with ampreloxetine compared to placebo after 4 h 
with no significant difference at 7, 9, and 12 h, in spite of 
the medication’s extended half-life. The change in standing 
SBP was not different between the two groups either. Dur-
ing Part C there was a subjective clinical improvement with 
ampreloxetine in symptomatic participants (OHSA#1 > 4 at 
baseline) with a sustained effect for 20 weeks and a return to 
baseline levels of symptoms after withdrawal. An increase in 
standing SBP was observed throughout Part C, even during 
withdrawal [5].

The study has some limitations, such as its relatively 
small sample size, particularly in Part B, and the lack of a 
control group in Part C. The primary endpoint was not met 
for Part B because the change in seated SBP 6–8 h after 
drug administration was not different between the treatment 
and placebo groups, which may indicate a shorter duration 
of action of ampreloxetine than previously thought. Impor-
tantly, the change in standing SBP, which may be considered 
a more relevant endpoint of treatment efficacy, was not dif-
ferent between ampreloxetine and placebo.

In spite of these limitations, the study results were con-
sidered very promising and Theravance Biopharma, the 
company sponsoring the development of ampreloxetine, 
went on to implement a large randomized, double-blind, 
placebo-controlled phase 3 clinical trial program to confirm 
the safety and efficacy of ampreloxetine for nOH. The phase 
3 trial started on 24 January 2019 and recruitment finished 
on 17 June 2021. A recent press release from the company, 
however, announced the failure of the phase 3 study due to a 
lack of efficacy [1]. Although not yet publicly available, the 
disappointing outcome of the ampreloxetine phase 3 study 
raises several questions and considerations on the pitfalls in 
the interpretation of phase 2 trials, and offers an opportunity 
to avoid these in future clinical trials for nOH.

The key question is: did the phase 2 study provide the 
necessary criteria for moving ampreloxetine to a phase 3 
clinical trial program in patients with nOH? Examples of 
potential reasons for phase 3 failure include an incomplete 
understanding of target disease biology, a lumping of differ-
ent diseases with different pathophysiological mechanisms, 
inadequate dose finding in the phase 2 study, overoptimistic 
assumptions of the phase 2 results, missing data, attrition 
bias, and the use of a biomarker in phase 2 that did not accu-
rately predict the phase 3 outcome [8].

What primary endpoint should be used to investigate 
novel therapies for nOH? Questionnaires describe the func-
tional status of patients and they are often used in clinical 
trials, however, relying on a single item may have underes-
timated the benefit of ampreloxetine on other domains such 
as standing, walking, cognition, and other aspects of quality 
of life. Patient-reported questionnaires are inherently subjec-
tive, which leaves a place for personal interpretation that 
can lead to increase the variability of the data. Furthermore, 

symptoms often vary from day to day and fluctuate through-
out the day, which makes challenging for the clinician and 
the patient to assess overall improvement. Composite scores 
such as the composite overall OHQ score have been used as 
primary end-points in successful phase 3 clinical trials that 
led to drug approval [8]. Would standing blood pressure be a 
better alternative primary endpoint? Measurement of blood 
pressure has the advantage of being objective, however, this 
endpoint may lack clinical relevance because symptoms are 
not always related to blood pressure in patients with nOH. 
Conversely, a similar rise in blood pressure may be effective 
in mildly affected patients, whereas it may not be enough 
to provide sufficient relief in patients with a more severe 
orthostatic drop in blood pressure. In the phase 2 amprelox-
etine trial, symptoms of orthostatic intolerance returned 
to pretreatment levels after 4 weeks of withdrawal while 
changes in standing SBP remained stable [5]. This suggests 
that ampreloxetine may have a beneficial effect that is inde-
pendent of blood pressure changes. The placebo response 
should also be carefully evaluated and can be impressive 
in patients with nOH. Moreover, mood disorders may not 
have been accounted for during this study, even though they 
can negatively affect how patients perceive and report their 
symptoms [6]. Other factors to consider include how much 
blinding is considered in the absence of randomization: dur-
ing part A, patients received placebo followed by increasing 
doses of ampreloxetine in a fixed way. Moreover, the prod-
uct was administered dissolved in apple juice. Changes in 
flavor during subsequent days may have reduced the effect 
of blinding, as taste-matching can be a challenge in placebo 
design, and taste itself influences in the placebo response 
[14]. Finally, there was no mention of non-pharmacological 
measures used by patients to treat nOH.

Although efferent baroreflex failure is characteristic of 
the synucleinopathies, the sites of the lesions vary. Post-
ganglionic sympathetic nerves are more affected in Lewy 
body disorders (pure autonomic failure and Parkinson dis-
ease) compared with multiple system atrophy, which has 
primarily a preganglionic (i.e., central) autonomic involve-
ment [7]. Ampreloxetine was expected to produce a larger 
pressor effect in patients with intact peripheral noradrenergic 
innervation than in patients with peripheral noradrenergic 
denervation. In support of this assumption, Shibao and col-
leagues reported that plasma norepinephrine level was mod-
estly associated with the pressor response of atomoxetine in 
patients with nOH [13]. Subgroup analysis of the results of 
the phase 3 study should consider the nature of the pre-and 
post-ganglionic lesions and plasma norepinephrine levels.

Unfortunately, failure of phase 3 trials despite promising 
phase 2 trials is not rare. The effects of phase 3 failures are 
significant for patients, caregivers, clinicians, researchers, 
and pharmaceutical companies. The use of a larger sam-
ple size in phase 2 trials seems to be the simplest and most 
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intuitive way to reduce phase 3 failures [2]. Nevertheless, a 
lot can be learned from failed clinical trials, and a careful 
analysis of the phase 3 trial might perhaps identify a small 
subset of patients who would benefit from ampreloxetine. 
Understanding the pathophysiology and neural pathways 
involved in nOH is crucial to developing effective treatments 
and future studies should consider the differences between 
Lewy body disorders and multiple system atrophy. Careful 
consideration of the study design, primary and secondary 
endpoint selection, patient recruitment, and retention strate-
gies is key when planning a clinical trial for nOH. Adaptive 
designs with larger sample sizes and the use of biometric 
monitoring devices to accurately and objectively reflect the 
disease process and status of patients during their daily lives 
should also be considered in future trials.

All in all, the phase 2 trial for ampreloxetine promised a 
novel drug that would have provided long-acting relief for 
patients with nOH. As this chapter reaches its end, pending 
the final publications of the phase 3 trial that disappointingly 
failed to meet its endpoints, we impatiently await the results 
of another phase 2 trial that is investigating the effect of 
atomoxetine in the symptomatic management of nOH (Clini-
calTrials.gov: NCT02796209). The story for norepinephrine 
reuptake inhibition for nOH has not ended yet, and we hope 
to have evidence to support the addition of a much-needed 
new drug to our small armamentarium.
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