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Abstract—We evaluated whether droxidopa, a prodrug converted to norepinephrine, is beneficial in the treatment of symptomatic
neurogenic orthostatic hypotension, which results from failure to generate an appropriate norepinephrine response to postural
challenge. Patients with symptomatic neurogenic orthostatic hypotension and Parkinson disease, multiple system atrophy, pure
autonomic failure, or nondiabetic autonomic neuropathy underwent open-label droxidopa titration (100600 mg, 3x daily).
Responders then received an additional 7-day open-label treatment at their individualized dose. Patients were subsequently
randomized to continue with droxidopa or withdraw to placebo for 14 days. We then assessed patient-reported scores on
the Orthostatic Hypotension Questionnaire and blood pressure measurements. Mean worsening of Orthostatic Hypotension
Questionnaire dizziness/lightheadedness score from randomization to end of study (the primary outcome; N=101) was 1.9+3.2
with placebo and 1.3+2.8 units with droxidopa (P=0.509). Four of the other 5 Orthostatic Hypotension Questionnaire symptom
scores and all 4 symptom-impact scores favored droxidopa, with statistical significance for the patient’s self-reported ability
to perform activities requiring standing a short time (P=0.033) and standing a long time (P=0.028). Furthermore, a post hoc
analysis of a predefined composite score of all symptoms (Orthostatic Hypotension Questionnaire composite) demonstrated
a significant benefit for droxidopa (P=0.013). There was no significant difference between groups for standing systolic blood
pressure (P=0.680). Droxidopa was well tolerated. In summary, this randomized withdrawal droxidopa study failed to meet
its primary efficacy end point. Additional clinical trials are needed to confirm that droxidopa is beneficial in symptomatic
neurogenic orthostatic hypotension, as suggested by the positive secondary outcomes of this trial.
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Orthostatic hypotension (OH) is defined as a sustained
reduction of >20 mmHg systolic blood pressure (SBP)
or 210 mmHg diastolic blood pressure on standing for <3
minutes.! OH is more common in patients with hypertension,
and its prevalence is highest in those with uncontrolled hyper-
tension compared with those with controlled hypertension
or normotensive community elderly subjects.> OH can cause
significant disability, with patients experiencing dizziness,
lightheadedness or syncope, visual disturbances, and other
problems that potentially have a profound negative impact on

activities of daily living that require standing or walking.* OH
also is an independent risk factor for falls* and mortality.’
Despite its importance, there is a paucity of treatment
options for this condition. In 1996, midodrine, an oral pro-
drug converted peripherally into desglymidodrine, a selective
a,-adrenoceptor agonist,’ was approved by the US Food and
Drug Administration (FDA) for the treatment of OH based on
its effectiveness in increasing upright blood pressure. Approval
by the FDA was contingent on postapproval studies that would
demonstrate an improvement in symptoms. Such studies are
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only now under way. Midodrine is well tolerated, but its use
can be limited by piloerection, urinary retention, and worsening
of supine hypertension.” Thus, OH remains an unmet medical
need, and development of novel medications is needed.

For almost 2 decades, no other pharmacotherapy was devel-
oped for OH until recently, when droxidopa was approved by
the FDA for the treatment of neurogenic OH (nOH) associated
with primary diagnoses including Parkinson disease, multiple
system atrophy, and pure autonomic failure. These are neu-
rodegenerative diseases ultimately characterized by failure
of the autonomic nervous system to generate norepineph-
rine responses appropriate to postural challenge.* Droxidopa
(L-threo-3,4-dihydroxyphenylserine) is a synthetic amino acid
that is converted both centrally and peripherally into norepi-
nephrine by aromatic L-amino acid decarboxylase (dopa-
decarboxylase), the same enzyme that converts levodopa into
dopamine in the treatment of Parkinson disease.?

Recently, a phase 3 multicenter clinical trial found droxidopa
effective in providing symptomatic relief in patients with neuro-
genic OH.’ In that study, patients were randomized to placebo
or droxidopa, and efficacy was assessed at the end of a 1-week
treatment period. Here, we report the results of a phase 3 ran-
domized clinical trial that used an enriched enrollment random-
ized withdrawal design to evaluate the effects of continuing on
droxidopa therapy versus withdrawal to placebo in patients with
symptomatic nOH. This design has the advantage that the patient
population enrolled is enriched by including only responders.°
Also, exposure of patients to placebo during the withdrawal
phase may be shorter than in a randomized treatment phase.

Methods
Study Subjects

All subjects were required to be >18 years old and have a clinical
diagnosis of symptomatic OH associated with Parkinson disease, mul-
tiple system atrophy, pure autonomic failure, dopamine-f3-hydroxylase
deficiency, or nondiabetic autonomic neuropathy, plus a documented
decrease of 220 mmHg SBP or 210 mmHg diastolic blood pressure
within 3 minutes after standing. Key exclusions were for pre-existing
sustained severe hypertension (=180/110 mmHg while sitting), atrial
fibrillation or other significant cardiac arrhythmia, current use of tricy-
clic antidepressants or other norepinephrine reuptake inhibitors, current
use of antihypertensive medication (except short-acting agents at bed-
time), or use of vasoconstrictive agents within 2 days before baseline.

Study Design

This was a phase 3, multinational, multicenter, randomized, placebo-con-
trolled, double-blind, parallel-group, enriched enrollment randomized
withdrawal study (Figure 1), in which a screening period lasting up to
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14 days was followed by open-label droxidopa dose optimization lasting
up to 14 days. During optimization, droxidopa was initiated at 100 mg
capsules 3x daily, every 4 hours during the daytime, with the last dose
no later than 5 pM to avoid worsening of nighttime supine hypertension,
taking into consideration the pharmacokinetic half-life of droxidopa of 2
to 3 hours in humans.'" Doses were adjusted upward in 100 mg 3x daily
increments until an optimal dose was found based on predefined efficacy
and safety criteria described in the online-only Data Supplement.

Efficacy End Points

The Orthostatic Hypotension Questionnaire (OHQ)'? consists of the
6-item Orthostatic Hypotension Symptom Assessment (OHSA) and the
4-item Orthostatic Hypotension Daily Activity Scale (OHDAS). Each
item is self-rated on a Likert scale from 0 (not bothered/no interference)
to 10 (worst possible/complete interference), describing a symptom
or symptom impact during the preceding week. OHSA and OHDAS
composite scores are each calculated as the average of the item scores
not rated zero at baseline. The study’s primary efficacy end point was
each patient’s change on OHSA item 1, dizziness/lightheadedness, from
randomization to the end of treatment. Secondary end points included
change in the other 5 OHSA ratings (vision disturbance, weakness,
fatigue, trouble concentrating, and head/neck discomfort) and the 4
OHDAS ratings (nOH interference with daily activities requiring stand-
ing a short time, standing a long time, walking a short time, and walking
a long time). Overall OHQ composite score (the average of the OHSA
and OHDAS composite scores) was a post hoc assessment.

Secondary end points also included clinicians’ ratings and patients’
self-ratings on the Clinical Global Impression (CGI) severity and im-
provement scales. The CGI severity is a 7-point scale scored from 1 (no
symptoms) to 7 (severe symptoms), and the CGI improvement is a 7-point
scale scored from 1 (very much improved) to 7 (very much worse).

An orthostatic standing test was performed at screening, baseline,
during dose optimization, at randomization, and at end of study (3 hours
postdose during treatment periods). Each test included blood pressure
and heart rate measurement 3x during 10 minutes while the patient was
supine and a single measurement at 3 minutes while standing.

Statistical Methods

For the study’s preplanned OHQ analyses, mean changes from ran-
domization to end of treatment in the droxidopa and placebo groups
were compared by Wilcoxon rank-sum test. Mean changes in stand-
ing blood pressure were assessed by Wilcoxon rank-sum test. For
CGI analyses, distributions of ratings in the droxidopa and placebo
groups at end of study were compared by Fisher exact test. For all
analyses, statistical significance was set at the 2-sided 5% level.

Sample Size Calculation

In the absence of previous data, we empirically chose as clinically
meaningful a 1.6 units change from randomization to end of study in
OHSA item 1 (dizziness/lightheadedness) score, with an SD of 2.5
(see the online-only Data Supplement for a more detailed rationale).
On this basis, we predicted that a sample size of 41 subjects per treat-
ment group would have 80% power (0.05, 2-sided significance level).
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Figure 1. Study design (see text for details). Open arrows indicate that an orthostatic standing test (OST) was performed; filled arrows
indicate that Orthostatic Hypotension Questionnaire (OHQ) and OST were performed. DB indicates double blind; and OL, open label.
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Ethics and Good Clinical Practice

All sites received approval from centralized or local institutional review
boards. Written informed consent was obtained from each patient
before any study procedures. All patients understood that they were
free to refuse to enter the study or to withdraw from it at any time.

Results

Subject Disposition

A total of 181 patients were enrolled in the open-label dose-optimi-
zation period and are included in safety data set. Patients who met
responder criteria were randomized (n=101, full analysis data set):
50 were randomized to double-blind droxidopa and 51 to placebo
(Figure 2). Of the 80 patients who were not randomized, 24 did not
meet the responder criteria (14 did not have the 10 mmHg increase
in standing blood pressure, 1 did not have the 1 unit improvement
in acute dizziness, and 9 did not have either responder criteria), 43
discontinued titration because of an adverse event (AE), and 13
were not randomized for reasons unrelated to the study treatment
(ie, enrollment cap). At randomization, the mean dosage of droxi-
dopa was 389.6+180.9 mg (range, 100-600 mg) 3x daily.

Subjects’ Characteristics

In terms of demographic characteristics, primary diagnoses,
and baseline nOH parameters, the randomized treatment groups
were similar to each other and to the open-label treatment recip-
ients who were not randomized (Table), except that on average
the nonrandomized patients were slightly older. Concomitant
medication usage was consistent with the primary diagnoses.

OHQ Outcomes

From randomization to end of study OHSA item 1 (dizziness/light-
headedness, the primary efficacy end point) increased (ie, symp-
tom worsened) by 1.3+2.8 units in the droxidopa group versus
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1.9+3.2 in the placebo group (P=0.509). Mean ratings at baseline,
end of droxidopa optimization, randomization, and end of study
are shown in Figure 3A. Mean changes of 4 of the other 5 OHSA
symptom ratings (all except item 2, visual disturbance) and of the
OHSA composite score likewise favored droxidopa numerically
but not statistically (Figure 4). The mean change from randomiza-
tion to end of study showed statistically significant treatment dif-
ferences favoring droxidopa on the OHDAS composite score and 2
OHDAS items (activities involving standing a short time and stand-
ing a long time; Figure 4). On the other 2 OHDAS items (activities
involving walking a short time and walking a long time), the mean
changes favored droxidopa numerically but not statistically.

In a post hoc analysis, the mean+SD change in OHQ
composite score from randomization to end of study was
+0.11+2.18 in the droxidopa group versus +1.22+2.39 in the
placebo group (P=0.013). Table S1 in the online-only Data
Supplement displays mean values at randomization and end
of study for all OHQ variables. Figure S1 displays individual
changes from randomization to end of study in item no. 1 of
OHSA and in the OHQ composite scores in patients random-
ized to continue on droxidopa or withdrawn to placebo.

CGI Outcomes

At the end of study, the distributions of CGI severity scores
showed a statistically significant difference favoring droxidopa
among patients’ self-ratings (P=0.008) and a trend favoring droxi-
dopa among clinicians’ ratings (P=0.052). For example, 18.0% of
the patients in the droxidopa group rated themselves as marked to
most ill, versus 43.3% of the placebo group; 28.0% of the droxi-
dopa group received such ratings from clinicians versus 51.0% of
the placebo group. For CGI improvement scores, neither patients’
self-ratings (P=0.384) nor clinicians’ ratings (P=0.448) showed a
significant difference between treatment groups. Although 46.0%

Screening failures:
85

Optimization Failures: 80*
* Response criteria not met
at maximum dosage, 24
¢ Adverse events, 22
* BP elevation, 21
¢ Protocol violations, 3
e Consent withdrawn, 1
e Other, 6
e Unknown, 3

Randomized:
101
I
v
Switch to Placebo: - -
51 Discontinued: 8
e Adverse events, 2
e Lack of efficacy, 2
> e Protocol violations, 2
, * Treatment failure, 1
Completed Study: * Other, 1
43

Completed Study:
44

DB Droxidopa:
50

Discontinued: 6
¢ Protocol violations, 3
e Lack of efficacy, 1
¢ Other, 2

Figure 2. Subjects’ disposition flow diagram. *Post hoc analysis. BP indicates blood pressure; DB, double blind; and OL, open label.
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Table. Baseline Characteristics of Patients (Safety Data Set)
Group, n (%) or Mean+SD
Variable Double-Blind Droxidopa, n=50 Double-Blind Placebo, n=51 Not Randomized, n=80
Age, y (range) 63.1+13.8 (24-88) 66.6+11.3 (40-88) 69.5+9.7 (37-86)
Sex
Male 30 (60.0) 32 (62.7) 45 (56.3)
Female 20 (40.0) 19 (37.3) 35(43.8)
Race
White 49 (98.0) 48 (94.1) 79(98.8)
Other 1(2.0) 3(5.9 1(1.3)

Weight, kg (range)
Primary clinical diagnosis

76.7+20.3 (47.0-183.0)

Parkinson disease 21 (42.0)
Multiple system atrophy 17 (34.0)
Pure autonomic failure 8(16.0)
Nondiabetic autonomic neuropathy 2 (4.0
Dopamine-3-hydroxylase deficiency 0

Other 2(4.0)
OHQ scores dizziness/lightheadedness 6.6+2.0
OHSA composite 2.44+1.88
OHDAS composite 3.61+2.75
Standing systolic blood pressure,* 87.0+17.6 (37-116)

mmHg (range)

73.0+14.2 (38.6-99.0)

23 (45.1) 38 (47.5)
13 (25.5) 21(26.3)
10 (19.6) 18 (22.5)

3(5.9) 2(2.5)

1(2.0) 0

1(2.0) 1(1.3)
6.3x2.3

2.11+1.94

3.52+2.82

88.0+19.0 (50-130)

OHDAS indicates Orthostatic Hypotension Daily Activity Scale; OHQ, Orthostatic Hypotension Questionnaire; and OHSA, Orthostatic Hypotension Symptom Assessment.

*After 3 min of standing.

of patients in the droxidopa group rated themselves as much
or very much improved, compared with 27.5% of the placebo
group, the percentage of each group receiving such ratings from
clinicians was 46.0% and 38.8%, respectively.

Standing Blood Pressure

During open-label droxidopa dose optimization, standing SBP
increased by 22.6+15.8 and 25.5+16.0 mmHg in patients sub-
sequently randomized to droxidopa and placebo, respectively.
From randomization to end of study, the mean change was
—7.6x19.7 mmHg among continuing droxidopa recipients ver-
sus —5.2+26.8 mmHg among patients withdrawn to placebo
(P=0.680). Mean values at baseline, end of droxidopa optimiza-
tion, randomization, and end of study are shown in Figure 3B.
For standing diastolic blood pressure, the mean change dur-
ing open-label droxidopa optimization was 11.4+12.3 for the
droxidopa group and 11.7+11.8 mmHg for the placebo group,
and the mean change from randomization to end of study was
—2.6x11.4 for the droxidopa group and —2.5+16.2 mmHg for
the placebo group (P=0.790). However, the change in standing
SBP from randomization to end of study was highly variable
(Figure S1) and ranged from —63 to +56 mmHg in droxidopa
recipients and from —56 to +75 mmHg in placebo recipients,
and change in standing diastolic blood pressure ranged from
—29 to +28 mmHg and from —40 to +59 mm Hg, respectively.

Safety and Tolerability

During open-label droxidopa optimization, 58.6% of subjects
reported =1 AEs (Table S2), most commonly headache (11.0%),

dizziness (8.3%), or fatigue (5.5%). During double-blind treat-
ment, 15 (30.0%) droxidopa recipients and 19 (37.3%) placebo
recipients reported >1 AEs (Table S2). The most common AEs
were falls (2.0% of droxidopa recipients versus 11.8% of pla-
cebo recipients), headache (4.0% versus 7.8%), urinary tract
infection (4.0% versus 3.9%), and dizziness (4.0% versus 2.0%).

Thirteen droxidopa recipients (7.2%) discontinued because
of AEs, all during the open-label phase. Among these AEs,
the most common was dizziness, which was reported by 3
patients. Two placebo recipients (3.9%) discontinued because
of AEs (loss of consciousness and syncope).

In all, 3 patients had hypertension as a reported AE. In all
instances, the AE occurred during open-label treatment, was
considered mild or moderate, and resolved without interven-
tion. The observed incidence of supine hypertension was 10.9%
at the end of 7 days of open-label droxidopa treatment (6 of 50
patients subsequently randomized to droxidopa versus 5 of 51
patients subsequently randomized to placebo) and 14.0% (7
patients in the droxidopa group) versus 5.9% (3 patients in the
placebo group) at end of study. Evaluation of all laboratory and
ECG parameters showed no clinically significant trends.

Discussion
In this enriched enrollment randomized withdrawal study, the
mean change in self-rated dizziness/lightheadedness (ques-
tion 1 of the OHSA questionnaire, the primary outcome of the
study) was numerically worse in patients randomized to with-
drawal to placebo but not statistically different than among
patients who continued to take droxidopa. Therefore, the trial
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Figure 3. Mean (SE) values at baseline, during droxidopa
administration, and after withdrawal for (A) dizziness/
lightheadedness score (item 1 of the Orthostatic Hypotension
Symptom Assessment Questionnaire, n=101) and (B) standing
systolic blood pressure (SBP, n=100). Dashed lines denotes
mean baseline values for reference; in a withdrawal design, the
placebo group is expected to return to baseline.

did not meet its primary outcome end point. Nonetheless,
all except one of the predefined secondary patient-reported
outcomes also numerically favored droxidopa; 5 of 6 OHSA
symptom ratings and all 4 OHDAS symptom-impact ratings,
including 2 (activities involving standing a short time and
standing a long time) for which the difference from placebo
was statistically significant. Furthermore, a post hoc analysis
of the predefined OHQ composite score showed a statistically
significant difference favoring droxidopa. Also, CGI ratings
of overall nOH severity showed a statistically significant dif-
ference favoring droxidopa on patient-rated scores and a trend
favoring droxidopa on the clinician-rated scores. However,
based on this trial, we cannot conclude that droxidopa is effec-
tive in nOH because the predefined primary end point failed to
show a significant difference.
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The efficacy of droxidopa in nOH is suggested by the results
of previous smaller studies in nOH'*'5 and confirmed in a
recent phase 3, randomized, double-blind design study of 162
patients with nOH in pure autonomic failure, multiple system
atrophy, Parkinson disease, or nondiabetic autonomic neuropa-
thy.? It is interesting to note that in the drug-induction study
of Kaufmann et al,” patients randomized to droxidopa had the
greatest symptomatic, and statistical significant improvement in
the dizziness/lightheadedness score, which did not reach sig-
nificance in our study. A withdrawal design that enrolls only
responders provides an enrichment strategy for efficacy testing.
However, this is predicated on the assumption that the placebo
group will return to baseline. This did not occur in our study;
placebo patients experienced continuing relief of the dizzi-
ness/lightheadedness score and standing SBP at the end of the
study compared with baseline (Figure 3). This raises the pos-
sibility of a carryover effect of droxidopa, which was unex-
pected given its relatively short serum half-life of 2 to 3 hours."!
Substantial carryover effects have been observed for levodopa,
which like droxidopa undergoes decarboxylation to become a
neurotransmitter,'® despite its plasma half-life of only 1 hour."”
Alternatively, patients may have improved simply by their par-
ticipation in the study, eg, by better adherence to nonpharma-
cological treatment recommendations (increased salt and water
intake, compression garments, and sleeping with the head of the
bed elevated). Unfortunately, individual use of these counter-
measures was not monitored, a limitation of this study.

The goal of treating OH is not to reach an arbitrary upright
blood pressure but to reduce symptom burden. Accordingly,
the FDA requires symptomatic improvement as the primary
outcome in trials assessing the efficacy of medication of
nOH. The OHQ is the only validated questionnaire available
to quantify symptoms of OH.!> We chose item no. 1 of the
OHSA (dizziness/lightheadedness, Figure 3) as the primary
outcome because this is the most characteristic symptom
in OH. Other studies have used the OHQ composite score
(Figure 3) as the primary outcome.’ Had we chosen the OHQ
composite score, this study would have met its primary out-
come. Research is needed to determine which end point will
best quantify symptomatic improvement in OH and to define
the clinical meaningful change in that end point (ie, how much
of an improvement in symptoms is needed to impact patients’
life). It is noteworthy that in this study patients could tell a dif-
ference between treatment groups in the self-reported percep-
tion of disease severity, as assessed by the CGI severity score.

The overall safety findings are consistent with the safety
and tolerability profile demonstrated for droxidopa in other
clinical trials. Most AEs in the present study were considered
to be unrelated or unlikely to be related to treatment, were
mild or moderate in severity, and rarely resulted in discontinu-
ation from the study. Importantly, we observed a low event
rate of cardiovascular events.

As expected for a pressor agent, there was an increase in the inci-
dence of supine hypertension among droxidopa- versus placebo-
treated patients. Even if the clinical significance of this increase is
unclear, it highlights the need to personalize nOH treatment, and to
have patients avoid the supine position during the daytime, avoid
taking droxidopa within 4 hours of bedtime, and to elevate the head
of the bed to reduce the risk of nocturnal supine hypertension.'®
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This limitation is inherent to the use of all pressor agents for the
treatment of nOH." In patients with supine hypertension, physi-
cians could consider administering droxidopa twice daily (early
morning and early afternoon) to avoid nighttime hypertension, but
no data are available to assess the efficacy of this regimen.

Other recent trials of droxidopa have used an enrichment
design, randomizing only patients shown to respond to droxi-
dopa treatment in an open-label dose titration phase. This
follows FDA draft guidance'® and, more importantly, the rec-
ognition that patients with nOH have a wide range of responses
to most medications. This emphasizes the need to individualize
treatment in patients with nOH. This was further evidenced by
the wide range of doses that were effective in improving symp-
toms during the open-label phase of this study. We should also
note that current efficacy data are based on relatively short-term
(2 weeks) studies. Ongoing studies are testing the persistence of
effect during chronic droxidopa use. Similarly, it will be impor-
tant to determine if there are subgroups of patients more likely to
respond to droxidopa. In this study, the small number of patients
within subgroups precluded a post hoc analysis, but individual
data points by diagnostic subgroups are included in Figure S2.

In summary, droxidopa treatment was found to be safe and
well tolerated, and numerous secondary outcomes and a post
hoc analysis of OHQ composite score revealed significant
improvement in nOH symptoms and their impact on daily
activities. The predefined primary end point of this study
did not reach statistical significance, and arguably this was
because of persistence of symptomatic improvement during
the withdrawal phase even in the placebo group; this unantici-
pated carryover effect reduced the power of the study design.
Therefore, based on the results of this study, we cannot con-
clude that droxidopa is beneficial in the treatment of nOH.
Nonetheless, the result of secondary end points and other con-
trolled clinical trials are consistent with a risk/benefit profile
favoring the use of droxidopa in symptomatic nOH.

Difference in
Mean Score Change

Perspectives

Droxidopa is the first pharmacotherapy approved for the treat-
ment of nOH in almost 20 years, and the first to be approved
based on improvement of symptoms related to OH, rather than
just an improvement in upright blood pressure. It is likely that
not all patients will respond to this treatment, and doses will
need to be individualized in those that respond, as is the case
with all therapies in this patient population. Studies are ongo-
ing to determine the persistence of effect during chronic use.
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Novelty and Significance

What Is New?

Droxidopa is the only drug approved by the Food and Drug Administration
for the treatment of neurogenic orthostatic hypotension in almost 20 years.

What Is Relevant?

There is an unmet need in the treatment of neurogenic orthostatic hypoten-
sion, and droxidopa is currently the only medication that not only improves
upright blood pressure but also provides symptomatic relief.

Summary

In this randomized double-blind withdrawal design study, droxido-
pa failed to meet the predefined primary study outcome, arguably

because of an unexpected persistence of symptomatic improvement
in the withdrawal phase. Nonetheless, the results of secondary end
points and other controlled clinical trials are consistent with a risk/
benefit profile favoring the use of droxidopa in symptomatic neuro-
genic orthostatic hypotension.
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