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ABSTRACT

Introduction: Droxidopa is approved to treat
neurogenic orthostatic hypotension (nOH)
symptoms in patients with autonomic failure
based on short-term clinical trial data. Addi-
tional data on the long-term efficacy of droxi-
dopa are needed. We have evaluated the
12-week efficacy and tolerability of droxidopa
in patients with nOH in an open-label period of
an ongoing phase 4 study .
Methods: Patients received 12 weeks of open-
label treatment with an individually optimized
droxidopa dose (100–600 mg, 3 times daily) as
identified during a preceding titration period.
Patient-reported outcomes included the

Orthostatic Hypotension Symptom Assessment
(OHSA), Orthostatic Hypotension Daily Activity
Scale (OHDAS), and clinician- and patient-rated
Clinical Global Impression–Severity (CGI-S)
scales. Supine blood pressure (BP) and adverse
events (AEs) were recorded.
Results: Data from 114 patients enrolled into
the 12-week open-label period were available for
analyses. After 12 weeks of droxidopa treat-
ment, patients reported significant (P\0.0001)
improvements from baseline in OHSA and
OHDAS composite and individual item scores
and on clinician and patient CGI-S scores.
Mean ± SD supine systolic and diastolic BP at
week 12 increased by 15.5 ± 22.9 and
7.8 ± 11.7 mmHg from baseline, respectively
(P\0.0001 for both). The most frequently
reported AEs were falls (17%), headache (13%),
and dizziness (9%); one (0.9%) patient reported
an AE of supine hypertension.
Conclusion: During 12 weeks of open-label
treatment, droxidopa was associated with sig-
nificant improvement from baseline in nOH
symptoms and activities of daily living. No
clinically important changes in supine hyper-
tension or AEs of concern were observed. These
results support the efficacy of droxidopa beyond
2 weeks of treatment.
Trial Registration: NCT02586623.
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Key Summary Points

Droxidopa is approved for the treatment
of orthostatic dizziness/lightheadedness,
or the ‘‘feeling that you are about to black
out,’’ in adult patients with symptomatic
neurogenic orthostatic hypotension
(nOH).

This open-label study investigated the
12-week clinical benefit of droxidopa for
the treatment of nOH symptoms.

Droxidopa treatment was associated with
significant patient-reported reductions in
nOH symptoms, including
dizziness/lightheadedness, which are the
cardinal symptoms of nOH, and their
effects on daily activities from baseline.

Droxiopda was generally well tolerated
with a safety profile similar to that found
in previous studies of droxidopa.

INTRODUCTION

Neurogenic orthostatic hypotension (nOH)
occurs in patients with autonomic dysfunction
[1]. Patients with nOH commonly report
symptoms such as dizziness, lightheadedness,
presyncope, and syncope [2] that may increase
the risk of falls, negatively affect ability to per-
form daily activities, and decrease quality of life
[3]. Droxidopa is indicated for the treatment of
orthostatic dizziness, lightheadedness, or the
‘‘feeling that you are about to black out’’ in
adults with symptomatic nOH with Parkinson
disease (PD), multiple system atrophy, pure
autonomic failure, dopamine b-hydroxylase
deficiency, or nondiabetic autonomic neuropa-
thy [4]. The approval of droxidopa in 2014
under the accelerated approval program by the
US Food and Drug Administration was based on

pivotal data showing rapid improvements in
nOH symptoms (i.e., after 1 week of treatment)
[5–8]. Although additional data supporting the
long-term durability of treatment effects with
droxidopa have been reported [9, 10], confir-
matory evidence of longer-term efficacy in
patients with various underlying neurologic
conditions is important. Therefore, further
characterization of the long-term clinical bene-
fits of droxidopa for the treatment of symp-
tomatic nOH is being assessed in an ongoing
phase 4 clinical study (NCT02586623) [11].
Herein we report the results from the 12-week,
open-label portion for the first 114 patients
included in this trial.

METHODS

Study Design

This phase 4 study comprises five periods:
screening (B 4 weeks), open-label titration
(B 4 weeks), open-label treatment (12 weeks),
double-blind treatment (12 weeks), and safety
follow-up (30 days). The current analyses
include evaluation of the patients who entered
the 12-week, open-label treatment period no
later than 22 August 2018.

After a screening period, patients were given
droxidopa titrated to an individually optimized
dose (100–600 mg, 3 times daily [TID]). Patients
initially received 100 mg TID of droxidopa,
which was increased by 100-mg TID incre-
ments, with all dosing increases separated
by C 1 day. Titration was stopped when the
patient reached the maximum allowed dose
(600 mg TID) or sooner if the patient’s supine
systolic blood pressure (SBP) was C 180 mmHg
or diastolic blood pressure (DBP) was C 110
mmHg 3 h after dosing (measured after 10 min
of rest; head and torso elevated approximately
30� from horizontal; typically measured before
midday) or if intolerable adverse effects related
to the study drug were reported. If the titration
was stopped because of elevated blood pressure
(BP) or lack of tolerability, the patient’s optimal
dose was the highest dose at which neither of
these events occurred. After the optimal dose of
droxidopa was identified, patients received
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12 weeks of open-label treatment. To enter the
open-label treatment period, patients were
required to show defined improvements in
seated SBP (C 10 mmHg higher than pretreat-
ment [baseline] value; typically measured before
midday) and dizziness/lightheadedness symp-
toms (defined as C 2-unit decrease from base-
line in Item 1 of the Orthostatic Hypotension
Symptom Assessment [OHSA]) [12]. At the end
of the open-label period, patients with OHSA
Item 1 scores C 2 units lower than their base-
line OHSA Item 1 score proceeded to random-
ization for the 12-week, double-blind treatment
period.

Patients

Adults (aged C 18 years) with a clinical diagno-
sis of symptomatic nOH associated with PD,
multiple system atrophy, pure autonomic fail-
ure, nondiabetic autonomic neuropathy, or
dopamine b-hydroxylase deficiency were eligi-
ble for this study. To be included, patients
needed to be able to stand (with or without
limited assistance), have symptoms of nOH
with a pretreatment OHSA Item 1 (dizzi-
ness/lightheadedness) score C 4, and a docu-
mented SBP drop C 20 mmHg within 3 min of
standing (either at any point in the patient’s
history or as assessed during screening). Patients
with sustained supine hypertension, defined as
SBP C 180 mmHg or DBP C 110 mmHg (average
of 3 observations separated by C 10 min; mea-
sured after C 5 min of rest in the supine position
with head and torso elevated approximately 30�
from horizontal) were excluded. Patients with a
diagnosis of hypertension that required treat-
ment with antihypertensive medications were
excluded, but those receiving treatment for
nocturnal supine hypertension with short-act-
ing antihypertensives were allowed.

Study Outcomes

At baseline (i.e., before the initiation of treat-
ment) and during the 12 weeks of open-label
treatment with droxidopa, OHSA, Orthostatic
Hypotension Daily Activity Scale (OHDAS), and
clinician- and patient-rated Clinical Global

Impression–Severity (CGI-S) scale scores were
measured [12, 13]. The OHSA is a patient-rated
assessment of the severity of six nOH symptoms
(dizziness/lightheadedness, vision problems,
weakness, fatigue, trouble concentrating,
head/neck discomfort) over the past week. The
OHDAS is a patient-rated 4-item assessment of
nOH symptom interference with activities
involving standing or walking over the past
week [12]. OHSA and OHDAS items are rated
using a Likert scale from 0 (no symptoms/no
interference) to 10 (worst possible symp-
toms/complete interference), with individual
item and composite scores tabulated. The CGI-S
evaluates the severity of patient illness and was
scored by clinicians and patients using a rating
scale from 1 (no symptoms) to 7 (severe symp-
toms) [13]. Supine BP (after 10 min of rest, with
head and torso elevated approximately 30� from
horizontal) was measured 3 h after dosing dur-
ing each titration visit (measured at the study
site or home [at the investigator’s discretion]
with investigator instruction on how to con-
duct measurement) and after each month of
treatment with droxidopa. Adverse events (AEs)
were collected throughout the study and sum-
marized according to the Preferred Terms of the
Medical Dictionary for Regulatory Activities.

Data Analysis

Continuous variables were summarized using
descriptive statistics, including the number of
observations; mean; standard deviation (SD);
and minimum, median, and maximum values.
The categorical values were summarized using
number of observations and percentages. Other
statistical tests were done using two-tailed tests
to determine significance at a 5% level
(P\0.05), unless otherwise specified.

To assess the impact of missing data on the
primary analysis, the primary efficacy analysis
was repeated excluding patients who had miss-
ing data for the primary endpoint. The primary
efficacy variable was the mean change from
randomization to the end of the study in disease
activity assessed by the Orthostatic Hypoten-
sion Questionnaire (OHQ) composite score,
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measured as the average of the OHSA composite
and OHDAS composite scores.

Ethics

This study was approved by WIRB (Study
2015204), an institutional review board, and is
being conducted in compliance with institu-
tional review board, independent ethics com-
mittee, and International Council for
Harmonisation Good Clinical Practice guide-
lines, the Declaration of Helsinki, and all local
regulatory requirements and laws. Written
informed consent from participating patients
was obtained before any study-related proce-
dure was performed.

RESULTS

Patients

The screening and titration phase included 304
and 176 patients, respectively. A total of 114
patients with a mean (SD) age of 68 (13.4) years
were enrolled in the open-label treatment per-
iod by the cutoff date for analyses (Table 1;
Fig. 1). There were more men (63%) than
women (37%) in the study, and approximately
half of the study population (52%) had a diag-
nosis of PD, with the remaining patients having
a diagnosis of nondiabetic autonomic neu-
ropathy (30%), pure autonomic failure (14%),
or multiple system atrophy (4%).

The most common reasons for discontinua-
tion were patient withdrawal (n = 9) and AEs
(n = 5; Fig. 1). AEs leading to discontinuation
were stridor, stomach cramps, dyskinesia,
hypertension, and syncope reported between
1 and 83 days during the open-label period. One
patient was excluded due to protocol deviation
after 19 days of open-label treatment. Other
reasons for discontinuation included reduced
quality of life, site closure (n = 3), sponsor
request for withdrawal due to heart attack, and
meeting new exclusion criteria between 8 and
77 days during the open-label period. Among
patients with a confirmed study withdrawal at
the time of analyses (n = 21), the distribution of

Table 1 Patient demographics and baseline disease
characteristics

Variable Patients
(N = 114)

Age, mean (SD), year 68 (13.4)

Sex, n (%)

Men 72 (63.2)

Women 42 (36.8)

Race, n (%)

White 105 (92.1)

Black/African American 5 (4.4)

Other 4 (3.5)

Diagnosis, n (%)a

Parkinson disease 59 (52.2)

Nondiabetic autonomic

neuropathy

34 (30.1)

Pure autonomic failure 16 (14.2)

Multiple system atrophy 4 (3.5)

OHSA scores, mean (SD)

Composite 6.5 (1.6)

Dizziness/lightheadedness 7.0 (1.7)

Vision problems 4.9 (3.2)

Weakness 6.3 (2.5)

Fatigue 6.8 (2.4)

Trouble concentrating 6.0 (2.6)

Head/neck discomfort 5.3 (3.3)

OHDAS scores, mean (SD)b

Composite 7.0 (1.8)

Standing, short time 6.1 (2.3)

Standing, long time 7.9 (2.0)

Walking, short time 6.0 (2.6)

Walking, long time 7.7 (2.3)

CGI-S scores, mean (SD)

Clinician rated 4.7 (0.8)

Patient rated 4.6 (1.0)
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diagnoses (PD, 62%; nondiabetic autonomic
neuropathy, 29%; pure autonomic failure, 5%;
or multiple system atrophy, 5%) was generally
similar to that of the enrolled population. Mean
(SD) dose at the start of the open-label period
was 493 (147) mg TID; 60% of patients received

the maximum allowed dose of 600 mg droxi-
dopa TID.

Outcomes

During the 12 weeks of open-label droxidopa
treatment, patients reported significant improve-
ment from baseline in nOH symptoms
(i.e., reductions in OHSA composite and indi-
vidual item scores; P\ 0.001 for all; Fig. 2a,
Table 2). Patients also indicated significantly
less interference due to nOH in activities
involving walking and standing (i.e., reductions
in OHDAS composite and individual item
scores; P\0.001 for all; Fig. 2b, Table 2). Sig-
nificant reductions from baseline scores in the
mean composite and individual OHSA and
OHDAS scores were observed after 1 month of
treatment with droxidopa and were sustained
throughout the open-label period. Consistent
with the nOH-specific improvements reported,
global benefits of treatment were also shown by
similar onset (i.e., by 1 month) and sustain-
ability of significant improvements in clinician-
and patient-rated CGI-S scores from baseline
(P\0.001; Fig. 3).

Supine BP increased significantly from base-
line when assessed after each month of open-
label droxidopa treatment, with mean ± SD SBP
increases of 15 ± 22.2 to 16 ± 25.2 mmHg and
mean DBP increases of 7 ± 11.5 to
9 ± 12.3 mmHg (Fig. 4; P\0.001 for all). Dur-
ing open-label droxidopa treatment, the inci-
dence of supine SBP measurements[160
and[ 180 mmHg was low, with no patients
having a supine SBP[ 200 mmHg (Table 3).

During titration, increases in supine BP
showed stability and consistency over time,
with the magnitudes of the mean increases
(predosing vs. postdosing) across titration visits
generally similar to those identified in monthly
visits (SBP 12–17 mmHg, DBP 4–6 mmHg; Elec-
tronic Supplementary Material Fig. S1). One
patient had a supine hypertension event during
titration, with a supine BP of 186/107 mmHg
(average of 3 measurements, measured 3 h after
dosing) after receiving the first 400-mg dose of
droxidopa. The patient entered into the open-

Table 1 continued

Variable Patients
(N = 114)

Supine BP, mean (SD), mmHg

Systolic 118 (21)

Diastolic 71 (12)

BP blood pressure, CGI-S Clinical Global Impres-
sion–Severity scale, OHDAS Orthostatic Hypotension
Daily Activity Scale, OHSA Orthostatic Hypotension
Symptom Assessment, SD standard deviation
an = 113 patients (excluding 1 patient with diagnosis
missing)
bn = 107–113 patients

Fig. 1 Flow diagram of study disposition. Asterisk
indicates that the dataset was not complete as of the
cutoff date for analyses. Dagger indicates that the complete
dataset was available as of the cutoff date for analyses
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label treatment period with a droxidopa dose
titrated to 300 mg TID.

An AE was reported by 64% (n = 73/114) of
patients during open-label titration and/or
open-label treatment periods; the most com-
mon AEs were falls (n = 19/114, 17%), headache
(n = 15/114, 13%), dizziness (n = 10/114, 9%),
and nausea (n = 8/114, 7%).

DISCUSSION

These analyses from the 12-week, open-label
period of an ongoing phase 4 study showed that
treatment with droxidopa is associated with
significant improvements in the symptoms of
nOH, effect of nOH symptoms on activities
involving standing or walking, and the overall
clinical presentation of patients. The symp-
tomatic and functional improvements initially
observed after 1 month of treatment were sus-
tained up to 12 weeks of treatment (i.e.,
3 months), supporting the long-term durability
of droxidopa. The efficacy observed in the

current study was slightly greater than that
observed after droxidopa treatment of
1–2 weeks [7, 14], which is likely due to higher
percentage of patients in the current study on
the maximum dose and the longer duration of
therapy. The efficacy we observed is consistent
with that in other reports of long-term treat-
ment with droxidopa. In a 1-year, open-label
extension study, similar sustained improve-
ments from baseline in nOH symptoms and
their effect were observed from month 1
through month 12 [10]. Data from nonclinical
trial populations also support the durability of
benefits with long-term droxidopa treatment
[9]. In a 6-month, open-label, prospective study
of real-world use of droxidopa, patients reported
sustained symptomatic improvement (i.e., sig-
nificant decreases in dizziness/lightheadedness
scores) from baseline, along with reductions in
falls, and improved measures of function
impairment and health-related quality of life
throughout the study period [9].

Fig. 2 Mean (SD) OHSA (a) and OHDAS (b) scores are
shown, with the SD for each data point indicated in the
tables beneath the figure panels. Note: Score reductions for
OHSA and OHDAS indicate decreased symptom burden
on a rating scale from 0 (no symptoms/no interference) to

10 (worst possible symptoms/complete interference).
OHDAS Orthostatic Hypotension Daily Activity Scale,
OHSA Orthostatic Hypotension Symptom Assessment,
SD standard deviation
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The current study included patients with
symptomatic nOH due to a variety of auto-
nomic failure diagnoses who were titrated to an
individually optimized dose of droxidopa (i.e.,
stepwise increases of 100 mg TID from a starting
dose of 100 mg TID). Titration of droxidopa to
symptomatic response is necessary because the
treatment response can vary among patients.
Notably, in this study, 60% of patients were

titrated to the maximum dose (600 mg TID). In
other clinical trials of droxidopa, 600 mg TID
was also the most commonly used dose, with
approximately 40% of patients receiving
600 mg TID [5, 15]. When initiating treatment
with droxidopa, clinicians should aim to safely
and efficiently identify the dose of droxidopa
that provides the individual patient optimal
relief of nOH symptoms.

Table 2 Mean OHSA and OHDAS at baseline and 3 months

Assessment Baseline score
(n = 114)

Month 3 score
(n = 81)

Change from baseline
scorea

P value

OHSA

Composite 6.5 (1.6) 3.4 (2.1) - 3.3 (1.9); n = 81 \ 0.0001

Dizziness/lightheadednessb 7.0 (1.7) 3.3 (2.1) - 3.9 (2.2); n = 81 \ 0.0001

Vision problemsc 4.9 (3.2) 2.7 (2.5) - 3.2 (2.5); n = 68 \ 0.0001

Weaknessd 6.3 (2.5) 3.9 (2.6) - 2.8 (2.5); n = 79 \ 0.0001

Fatiguee 6.8 (2.4) 4.2 (2.6) - 3.1 (2.2); n = 77 \ 0.0001

Trouble concentratingf 6.0 (2.6) 2.9 (2.6) - 3.5 (2.3); n = 75 \ 0.0001

Head/neck discomfortg 5.3 (3.3) 2.8 (2.7) - 3.5 (2.8); n = 68 \ 0.0001

OHDAS

Composite 7.0 (1.8); n = 111 3.8 (2.7); n = 79 - 3.4 (2.4); n = 79 \ 0.0001

Standing, short timeh 6.1 (2.3); n = 112 3.3 (2.7); n = 80 - 3.1 (2.7); n = 76 \ 0.0001

Standing, long timei 7.9 (2.0); n = 107 4.4 (2.9); n = 76 - 3.4 (2.8); n = 72 \ 0.0001

Walking, short timej 6.0 (2.6); n = 113 3.2 (2.7); n = 81 - 3.2 (2.6); n = 78 \ 0.0001

Walking, long timek 7.7 (2.3); n = 110 4.7 (3.0); n = 76 - 3.4 (2.5); n = 73 \ 0.0001

All scores are presented as the mean with the SD in parentheses
aScore reductions indicate decreased symptom burden on a rating scale from 0 (no symptoms/no interference) to 10 (worst
possible symptoms/complete interference)
bRates the severity of dizziness, lightheadedness, feeling faint, or feeling like you might black out on average over the past
week
cRates the severity of problems with vision (blurring, seeing spots, tunnel vision, etc.) on average over the past week
dRates the severity of weakness on average over the past week
eRates the severity of fatigue on average over the past week
fRates the severity of trouble concentrating on average over the past week
gRates the severity of head/neck discomfort on average over the past week
hRates the impact of low blood pressure symptoms on activities that require standing for a short time
iRates the impact of low blood pressure symptoms on activities that require standing for a long time
jRates the impact of low blood pressure symptoms on activities that require walking for a short time
kRates the impact of low blood pressure symptoms on activities that require walking for a long time
OHDAS Orthostatic Hypotension Daily Activity Scale, OHSA Orthostatic Hypotension Symptom Assessment, SD stan-
dard deviation

Neurol Ther (2022) 11:459–469 465



According to consensus recommendations,
the goal of nOH treatment should be reduction
of symptom burden and improvement of

functionality, not the normalization of BP [2].
Droxidopa is a norepinephrine prodrug that
increases norepinephrine levels and vasocon-
striction [4]. In the clinical trials conducted to
support the US approval of droxidopa, symp-
tomatic improvements and orthostatic BP
increase (mean increases after 1 week of treat-
ment, SBP 12 mmHg, DBP 8 mmHg) were
observed [5], and orthostatic BP increases have
been shown to be sustained for up to 12 months
of treatment [10]. Because the current phase 4
study was designed to further assess the dura-
bility of the clinical benefits of droxidopa (i.e.,
study of symptomatic improvement and its
effects as measured by OHSA, OHDAS, and
CGI-S outcomes), standing/orthostatic BPs were
not evaluated.

Supine BPs were evaluated in this study
because patients with nOH experience dysregu-
lated autonomic BP control mechanisms as a
consequence of autonomic failure pathophysi-
ology, and the use of pressor agents may exac-
erbate or cause supine hypertension [16]. Not
surprisingly, because droxidopa is a pressor agent
that increases standing BP, increases in supine
BPs from baseline that reached statistical signif-
icance were found in this study (mean changes,
SBP 15–16 mmHg; DBP 7–9 mmHg). Impor-
tantly, mean supine SBP and DBPmeasurements
remained B 134 and B 80 mmHg (respectively)
during long-term treatment with droxidopa in
this study, which is below the threshold for
supine hypertension as defined in current con-
sensus guidelines (SBP C 140 mmHg and/or
DBP C 90 mmHg while supine) [16]. The inci-
dence of supine hypertension SBP[ 180 mmHg
during the 12-week, open-label period was low
(1%, 1/114) and generally similar to the rate

Fig. 3 Mean CGI-S* scores. CGI-S Clinical Global
Impression–Severity scale. Note: Score reductions indicate
decreased symptom burden on a rating scale from 1 (no
symptoms) to 7 (severe symptoms)

Fig. 4 Mean (SD) supine BP. BP Blood pressure

Table 3 Incidence of supine systolic blood pressure[ 160,[ 180, and[ 200 mmHg by visit

Supine SBP Baseline
(n = 114)

Month 1
(n = 103)

Month 2
(n = 97)

Month 3
(n = 81)

Any time
(n = 114)

[ 160 mmHg 2 (2) 13 (13) 9 (9) 10 (12) 22 (19)

[ 180 mmHg 0 1 (1) 0 0 1 (1)

[ 200 mmHg 0 0 0 0 0

Values in table are the incidence (number of patients, n) with the percentage in parentheses
SBP Systolic blood pressure
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reported at 3 months in a long-term, open-label
extension study of droxidopa (4%, 3/79) [10].
During the titration period in which each
patient’s dose was identified based on tolerabil-
ity and response, progressive increases in supine
BP were not observed; however, because some
patients were allowed to measure BP at home
during titration, the accuracy of these data can-
not be verified. Additionally, the most com-
monly reported AEs (i.e., falls, headaches, and
dizziness) in the current study were consistent
with those reported in other long-term studies of
droxidopa [10, 15].

Although the results reported herein further
support the long-term efficacy and safety profile
of droxidopa for the treatment of nOH, the lack
of a control group limits the ability to show the
relationship between treatment with droxidopa
and the outcomes observed. The subsequent
double-blind, placebo-controlled period of the
study will serve to address causality. However,
the durability and stability of clinical outcomes
in this study are consistent with data from a
prospective study of real-world use of droxi-
dopa, in which beneficial effects were main-
tained for up to 6 months (end of study), and
from an open-label extension study of droxi-
dopa, in which benefits were consistently
maintained during 12 months of droxidopa
treatment [9, 10].

Furthermore, regarding the discontinuations
due to patient withdrawal (n = 9), the specific
reasons for each discontinuation are unknown.
Although it is possible that some resulted from
lack of clinical effect, the stability of the
reductions in OHSA, OHDAS, and CGI-S scores
observed throughout the treatment period sug-
gests that lack of efficacy was not the primary
reason for study discontinuation. In a subanal-
yses of OHSA Item 1 scores in patients who
discontinued (n = 18 with post-baseline data
available), 67% (12/18) had improved scores
from baseline in their last observed
measurement.

CONCLUSIONS

In conclusion, the significant improvements in
nOH symptoms and the effects of nOH

symptoms on activities involving standing or
walking after 12 weeks of treatment offer fur-
ther evidence of the durability and sustained
benefits of droxidopa for the treatment of nOH.
Evaluations of safety including supine BPs,
supine hypertension rates, and other AEs indi-
cate no new signals of concern. The results of
the double-blind, placebo-controlled period of
this phase 4 study will provide more definitive
information about the durability of benefits
with droxidopa treatment for patients with
symptomatic nOH.
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