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Abstract

Background: Droxidopa is an orally active prodrug that significantly improved dizziness/lightheadedness measured
using the Orthostatic Hypotension Symptom Assessment (OHSA) Item 1 in patients with neurogenic orthostatic
hypotension (nOH) caused by primary autonomic failure (Parkinson disease, multiple system atrophy, and pure
autonomic failure), dopamine B-hydroxylase deficiency, or nondiabetic autonomic neuropathy. The efficacy and
safety of droxidopa were assessed by determining the number needed to treat (NNT) and the number needed to
harm (NNH).

Methods: Data collected in randomized, placebo-controlled clinical studies in adults with a clinical diagnosis of
symptomatic nOH were pooled for efficacy and safety analyses. NNT and NNH were calculated as reciprocals of the
risk difference (difference in event rates) for droxidopa versus placebo.

Results: The NNT for droxidopa for improvement in OHSA Item 1 was <10. The NNH for adverse events (AEs)
leading to discontinuation in the pooled studies was 81. The likelihood of being helped or harmed (LHH) calculated
from pooled analysis of the NNT for 22 units of improvement in OHSA Item 1 score and the NNH for
discontinuations due to AEs were 7.8, 8.8, 3.1, and 3.5 for weeks 1, 2, 4, and 8 after randomization, respectively.

Conclusions: Droxidopa is efficacious for treatment of nOH, with an NNT below 10 and an acceptable tolerability
profile with NNH ranging from 23 to 302 in the pooled analysis of frequently occurring AEs. Based on the LHH for
the pooled analysis at week 1, droxidopa is 7.8 times more likely than placebo to show a clinical benefit than result
in discontinuation because of an AE.

Trial registrations: ClinicalTrials.gov identifiers: NCT00782340, first received October 29, 2008; NCT00633880, first
received March 5, 2008; and NCT01176240, first received July 30, 2010.

Keywords: Neurogenic orthostatic hypotension, Droxidopa, nOH treatment benefit, Number needed to treat,
Number needed to harm, Risk reduction
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Background

Symptomatic neurogenic orthostatic hypotension (nOH)
occurs in patients with neurodegenerative disorders be-
cause of insufficient release of norepinephrine following a
postural change to a standing position [1]. Droxidopa is
an orally active prodrug of norepinephrine that was
approved in 2014 by the US Food and Drug Administra-
tion (FDA) for the treatment of orthostatic dizziness,
lightheadedness, or the “feeling that you are about to black
out” in adult patients with symptomatic nOH caused by
primary autonomic failure (Parkinson disease [PD], mul-
tiple system atrophy [MSA], and pure autonomic failure),
dopamine [B-hydroxylase deficiency (DBHD), or nondia-
betic autonomic neuropathy (NDAN) [2].

The efficacy and safety of droxidopa have been investi-
gated in several multicenter phase 3 studies in patients
with symptomatic nOH using a validated instrument,
the Orthostatic Hypotension Questionnaire (OHQ), to
evaluate efficacy [3-6]. The OHQ, a patient-reported
assessment of the burden and severity of nOH, consists
of 2 parts: the Orthostatic Hypotension Symptom As-
sessment (OHSA), a measurement of symptoms, and the
Orthostatic Hypotension Daily Activity Scale (OHDAS),
a measurement of symptom impact on the activities of
daily living [7]. In Study NOH301, compared with pla-
cebo, droxidopa treatment was associated with statisti-
cally significant improvements in OHQ composite score,
standing systolic blood pressure (SBP), and the cardinal
symptom of nOH (dizziness/lightheadedness) as mea-
sured using the OHSA Item 1 score [3]. Also, in the
analysis of Study NOH306B as well as the combined
analysis of Study NOH306, statistically significant im-
provements in OHSA Item 1 scores were observed after
1 week of treatment with droxidopa compared with
placebo. In Study NOH302, patients with nOH treated
with droxidopa had improvements in nOH symptoms as
shown by a statistically significant decrease in the OHQ
composite score and numerically greater decreases in
most individual item scores compared with placebo [5,
6]. In all studies, treatment with droxidopa was generally
well tolerated; commonly reported adverse events
(AEs) included headache, dizziness, nausea, fatigue,
and hypertension [3-6].

Although statistically significant clinical trial results
are an essential measure of the efficacy of a medical
intervention, their clinical relevance for the individual
patient may be difficult to assess. To help clinicians
further understand the risks and benefits of a potential
treatment, calculation of the number needed to treat
(NNT) and the number needed to harm (NNH) has been
suggested [8, 9]. NNT is defined as the average number of
patients that would need to be treated for 1 additional
patient to achieve a benefit from treatment [9]. The
converse of the NNT is the NNH, which estimates the
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average number of patients that need to be treated to reveal
1 additional adverse outcome [9].

Because nOH is a relatively rare disorder, there is an
incomplete understanding of specific benchmarks of
OHQ/OHSA score changes and their clinical relevance
for the individual patient with nOH. Dizziness/light-
headedness is the cardinal symptom of nOH; improve-
ment of this symptom may represent the most clinically
relevant benefit of treatment of the disorder. Thus, this
endpoint, as assessed by OHSA Item 1 score changes for
droxidopa compared with placebo during clinical trials,
was chosen as the outcome for evaluation in this post
hoc analysis of efficacy, expressed in terms of the NNT.
The current analysis also includes an evaluation of the
safety of droxidopa, expressed as the NNH, using AEs
experienced by patients during the same trials.

Methods

Patient populations of pooled clinical studies

Data collected in phase 3, randomized, placebo-controlled
clinical studies were pooled for efficacy and safety ana-
lyses. Efficacy data were integrated from Studies NOH301
(NCT00782340) [3], NOH302 (NCT00633880) [6], and
NOH306 (NCT01176240) [4, 5] to determine the NNT.
The NNH analysis was performed using safety data
from the same 3 studies. All 3 studies have been previ-
ously described in detail, and brief descriptions of the
study designs, inclusion/exclusion criteria, and assess-
ments are outlined below.

Patients included in all 3 studies were adults >18 years
of age with a clinical diagnosis of symptomatic nOH that
was confirmed at screening by a decrease of 220 mm Hg
in SBP or 210 mm Hg in diastolic blood pressure (DBP)
within 3 min after standing from a supine position.
Patients in Studies NOH301 and NOH302 had primary
diagnoses of PD, MSA, pure autonomic failure, NDAN, or
DBHD. Study NOH306 enrolled patients with symptomatic
nOH associated with PD. Key exclusion criteria in all stud-
ies included current use of vasoconstricting agents or long-
acting antihypertensive medications, or preexisting severe
hypertension (SBP >180 mm Hg or DBP >110 mm Hg in
the standing, sitting, or supine position) [3—6].

Study designs

In Studies NOH301and NOH302, all patients entered a
<14-day dose titration period with open-label droxidopa
to identify the maximum tolerated dose that reduced
nOH symptoms (>1 unit improvement in OHSA Item 1)
and increased standing SBP by >10 mm Hg. In Study
NOH301, responders entered a 7-day wash-out period
and then were randomized to double-blind treatment
with the optimized dose of droxidopa or placebo [3]. In
Study NOH302, responders during the open-label titra-
tion period continued open-label droxidopa treatment at
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the optimized dose for 7 days before randomization to
double-blind administration of placebo (ie, treatment
withdrawal) or droxidopa [6]. In Study NOH306, pa-
tients were randomized to receive double-blind placebo
or droxidopa for the <14-day dose titration period,
which was followed by 8 weeks of maintenance treat-
ment at each patient’s optimized dose. For the titration
phase in all studies, droxidopa treatment was initiated
at 100 mg 3 times daily (TID) and increased in 100-mg
TID increments until a response was obtained, the pa-
tient was asymptomatic, or a maximum dose of 600 mg
TID was reached.

In each study, nOH symptoms were assessed using the
patient-rated OHQ scores (overall composite and indi-
vidual item scores for OHSA and OHDAS). OHSA Item
1 measured the severity of dizziness/lightheadedness on
a scale of 0 (none) to 10 (worst possible) [3—6]. In Study
NOH306, patients also recorded all falls in a daily diary.
Fall-related injuries were prespecified AEs occurring on
the day of or the day after a reported fall. The AEs con-
sidered to be fall related were identified by the following
Medical Dictionary for Regulatory Activities preferred
terms: arthralgia, back pain, conjunctival hemorrhage,
contusion, excoriation, face edema, facial bone fracture,
fall, fibula fracture, foot fracture, headache, injury, joint
sprain, laceration, musculoskeletal chest pain, musculo-
skeletal pain, musculoskeletal stiffness, neck pain, non-
cardiac chest pain, pain, pain in extremity, skin laceration,
skin lesion, tooth fracture, traumatic brain injury, and
traumatic hematoma [4].

In 2 of the studies in our analysis (Studies NOH301
and NOH302), only patients who met the responder
criteria during the open-label dose optimization period
and continued to the double-blind treatment period
were included. Because NNT/NNH determinations
require a comparison group for calculation, 181 patients
(of a total 444 patients; 40.7 %) who discontinued during
the open-label titration period were excluded from our
analyses. The most common investigator-reported reasons
for discontinuation during the open-label period were
treatment failure (74/444, 16.7 %) and AEs/blood pressure
elevation (55/444, 12.4 %).

Outcomes

The primary study outcomes for this NNT/NNH analysis
are the OHSA Item 1 improvement by 22 units and
=50 %. OHSA Item 1 was chosen as the primary outcome
(as opposed to the composite OHQ score), because this
single assessment evaluates the cardinal symptoms of
nOH, dizziness and lightheadedness. In addition, OHSA
Item 1 was the primary outcome supported by the FDA
Study Endpoints and Labeling Development Division for
the droxidopa pivotal trials.
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Because of the different periods of randomized treat-
ment in the 3 droxidopa trials, separate NNTs were
calculated based on duration of exposure. The NNT for
the period from randomization to week 1 was determined
by analyses of Studies NOH301 and NOH306 (separate
and pooled). For the determination of NNT scores from
randomization to week 2, separate and pooled results
from Studies NOH302 and NOH306 were used. NNT
scores from randomization to weeks 4 and 8 were deter-
mined using the results from Study NOH306 only.

The NNH with droxidopa was estimated for fre-
quently occurring treatment-emergent AEs (TEAEs)
occurring in >5 % of patients treated with droxidopa in
Studies NOH301 and NOH302 (pooled data) and/or
Study NOH306 based upon TEAEs that occurred in
the randomized treatment period. Outcomes of interest
for NNH assessment were TEAEs leading to study
discontinuation, TEAEs related to falls, and observed
supine hypertension (SBP >180 mm Hg at all 3 supine
measurements in the orthostatic standing test). The
NNH for falls and fall-related injuries assessed in Study
NOH306 were calculated separately using falls diary
information to determine fall events. Falls information
was also collected in Studies NOH301 and NOH302;
however, because the falls data were captured retro-
spectively during these trials, the results are presented
only as supportive evidence. Pooled NNHs for discon-
tinuation due to AEs were calculated from all studies
with data available at that time point: pooled NNH at
week 1 was determined by using data from Study
NOH301 and Study NOH306 at week 1, and the
pooled NNH at week 2 was determined by using data
from Study NOH302 and Study NOH306 at week 2;
and NNHs for weeks 4 and 8 were determined by using
data from Study NOH306 at those weeks.

The likelihood to be helped or harmed (LHH) was
calculated as the ratio of the pooled NNT for the OHSA
Item 1 response at weeks 1, 2, 4, and 8 after randomization
and the pooled NNH for discontinuations due to TEAEs
at the same week.

Statistics

For each outcome and treatment (droxidopa and pla-
cebo), the number of randomized and treated patients
and number of patients with an event were determined.
The event rates (percentage of patients with an event)
by study and for the pooled analysis were calculated for
each outcome post hoc, without controlling for mul-
tiple analyses; the 95 % Cls were determined using the
Wald method [10].

The NNT and NNH values were calculated as recipro-
cals of the risk difference (difference in event rates) for
droxidopa versus placebo. Fractional values were rounded
up to the next higher integer. CIs for NNT and NNH were
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the inverse values of the 95 % Cls for the risk difference if
all boundaries were >0; otherwise, the differences were
regarded as not statistically significant. LHH was calcu-
lated as NNH divided by NNT using values that had not
been rounded up to the next integer.

Ethics, consent, and permissions

All 3 clinical trials received either local or centralized
institutional review board approval and were conducted
according to the Declaration of Helsinki and its amend-
ments, the International Conference on Harmonisation
Good Clinical Practice guidelines, and applicable laws
and regulations for each research site. Patients provided
written informed consent before study participation.

Results

Study population

The most common primary clinical diagnosis was PD in
Studies NOH301 and NOH302 (38.8 %-45.1 %); Study
NOH306 enrolled only patients with nOH and a primary
diagnosis of PD (Table 1) [3, 6]. Patients in Study NOH306
were also slightly older than their counterparts in Studies
NOH301 and NOH302. The mean (SD) OHSA Item 1
scores at baseline were similar for the droxidopa and
placebo pooled populations (6.0 [2.2] units and 5.8 [2.4]
units, respectively) and ranged from 5.1 (2.3) to 6.6 (2.0)
units in the individual studies.
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Number needed to treat

A significantly greater percentage of patients treated
with droxidopa compared with placebo administration
had improvements of >2 units or >50 % in OHSA Item
1 (dizziness/lightheadedness) scores at week 1 in Study
NOH301, Study NOH306, and the pooled analysis (Table 2).
The NNT for week 1 with droxidopa to improve OHSA
Item 1 score by >2 units or by >50 % was 5 using pooled
data from Studies NOH301 and NOH306 (Fig. 1) and was
statistically significant compared with placebo in the pooled
analysis. NNT values for week 2 using pooled data from
Studies NOH302 and NOH306 were 9 and 14 for improve-
ment of OHSA Item 1 score by >2 units and by >50 %,
respectively. For Study NOH306, the respective NNT
values for improvement of OHSA Item 1 score by 22 units
and by =50 % were 9 and 6 at week 4, and 8 and 6 at week
8. The data favored droxidopa at all time points, indicating
that droxidopa provided similar efficacy despite differences
in patients’ primary clinical diagnoses and mean ages.

Number needed to harm

Frequently occurring adverse events

The most common TEAEs occurring in >5 % of patients
treated with droxidopa during the randomized phases of
studies NOH301/302 and NOH306 are listed in Table 3.
NNH for frequently occurring AEs ranged from 23 to
302 in the pooled analysis, and from -135 to 8647 in any
individual study. Only the pooled NNH for hypertension

Table 1 Demographic and baseline characteristics of study populations

Characteristic Pooled data NOH301 [3] NOH302 [6] NOH306
Droxidopa Placebo Droxidopa Placebo Droxidopa Placebo Droxidopa Placebo
(n=225) (n=235) (n=282) (n=80) (n=150) (n=51) (n=114) (n=108)
Mean (SD) age, y 65.0 (14.7) 654 (15.6) 574 (16.9) 55.7 (20.0) 63.1 (13.8) 66.6 (11.3) 726 (7.5) 724 (8.0)
Men, n (%) 132 (58.7) 142 (60.4) 42 (51.2) 42 (52.5) 30 (60.0) 32 (62.7) 77 (67.5) 68 (63.0)
White, n (%) 220 (97.8) 221 (94.0) 82 (100) 75 (93.8) 49 (98.0) 48 (94.1) 110 (96.5) 102 (944)
Primary clinical diagnosis, n (%)
PD 150 (66.7) 157 (66.8) 35(42.7) 31 (38.8) 21 (420) 23 (45.1) 114 (100) 108 (100)
MSA 31(138) 25 (10.6) 15 (18.3) 11 (13.8) 17 (34.0) 13 (25.5) 0 0
Pure autonomic failure 34 (15.0) 38 (16.2) 26 (31.7) 28 (35.0) 8 (16.0) 10 (19.6) 0 0
DBHD 0 1(04) 0 0 0 1(20) 0 0
NDAN 4(1.8) 9(3.8) 224 6 (7.5) 2 (40) 3(59) 0 0
Other 6 (27) 5(2.1) 4 (4.9)° 4 (50)° 2 (40" 1(20) € 0 0
OHSA Item 1 score
N 224 236 81 79 50 51 92 105
Mean (SD) 6.0 (2.2) 58 (24) 6.5 (2.1) 6.2 (24) 6.6 (2.0) 6.3 (2.3) 54(2.1) 5123)

DBHD dopamine B-hydroxylase deficiency, MSA multiple system atrophy, NDAN nondiabetic autonomic neuropathy, OHSA Orthostatic Hypotension Symptom

Assessment, PD Parkinson disease

“Three patients diagnosed as “likely pure autonomic failure” and 1 patient diagnosed as “likely MSA”

PDiagnosed as “likely pure autonomic failure”
“Additional information not available
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Table 2 Improvements in OHSA Item 1 scores from randomization to weeks 1, 2, and 4

Improvement, NOH301 NOH302 NOH306 Pooled
n 06) Droxidopa Placebo P value* Droxidopa Placebo P value* Droxidopa Placebo P value* Droxidopa Placebo P value*
(n=282) (n=80) (n=50) (n=51) (n=92) (n=105) (n=174)  (n=185)
Week 1
22 units 53 (64.6) 33 (413) 0.004 - - - 61 (66.3) 46 (43.8) 0.002 114 (655) 79 (42.7) <0.001
250 % 45 (54.9) 28 (3500 0017 - - - 51 (554) 37 (35.2) 0.006 96 (55.2) 65 (35.1) <0.001
Week 2
22 units - - - 36 (720) 29 (569) NS 49 (533) 47 (448 NS 85(59.9) 76(487) NS
250 % - - - 28 (56.0) 23 (45.1) NS 38 (41.3) 38 (36.2) NS 66 (46.5) 61 (39.1) NS
Week 4
22 units - - - - - - 51 (554) 46 (43.8) NS - - -
250 % - - - - - - 44 (47.8) 32(30.5) 0.025 - - -
Week 8
22 units - - - - - - 51 (554) 45@429) NS - - -
250 % - - - - - - 47 (51.1)  35(333) 0023 - - -

NS not significant, OHSA Orthostatic Hypotension Symptom Assessment
*P value from the Fisher exact test

(28; 95 % CI, 15.9-94.6) was significant for droxidopa
compared with placebo treatment (Table 3).

Discontinuations due to adverse events

The NNH for AEs leading to discontinuation from the
3 pooled studies was 81, based on overall discontinu-
ation rates due to an AE of 4.49 % (11/245) for droxi-
dopa and 3.25 % (8/246) for placebo. The pooled
discontinuation rates due to an AE for droxidopa and
placebo (respectively) were 5.64 % (11/195) and 3.08 %
(6/195) at week 1 (Studies NOH301 and NOH306),
6.21 % (10/161) and 4.94 % (8/162) at week 2 (Studies
NOH302 and NOH306) and 9.0 % (10/111) and 5.4 %
(6/111) at both weeks 4 and 8 (Study NOH306 only).
NNHs for discontinuations due to AEs were 39 at week
1 (pooled Studies NOH301 and NOH306), 79 at week
2 (pooled Studies NOH302 and NOH306), and 28 at
weeks 4 and 8 (Study NOH306).

Supine hypertension

Nine patients (7.9 %) treated with droxidopa and 5 pa-
tients (4.6 %) receiving placebo experienced supine
hypertension in Study NOH306. The NNH for supine
hypertension with droxidopa treatment (31) was not
significant compared with placebo administration.

Falls

Falls and related injuries in Study NOH306B were re-
ported as TEAEs in 15 patients (16.9 %) treated with
droxidopa and 21 patients (25.6 %) receiving placebo.
The NNH of —-12 (12 avoided falls or fall-related injuries
during droxidopa treatment) was not statistically signifi-
cant. Although the data collection in Study NOH301

was done in a different manner (retrospectively), the
results from Study NOH306B are supported by Study
NOH301 results. In Studies NOH301 and NOH302, falls
reported as AEs occurred in 1 patient (0.8 %) treated
with droxidopa and in 9 patients (6.8 %) receiving
placebo. Using these data, the NNH is —17 (17 avoided
falls during droxidopa treatment), but also was not a
statistically significant result.

Likelihood of being helped or harmed

The LHH values calculated from the pooled analysis of
the NNT for 2 units of improvement in OHSA Item 1
score and the NNH for discontinuations due to AEs were
7.8, 88, 3.1, and 3.5 for weeks 1, 2, 4, and 8 after
randomization, respectively. For >50 % improvement in
OHSA Item 1 scores, the calculated LHH values were 7.8,
5.6, 4.7, and 4.7, respectively. Thus, droxidopa is 3.1 to 8.8
times more likely to show a clinical benefit than result in a
discontinuation due to an AE compared with placebo.

Discussion

The key findings of these analyses highlight the efficacy
and safety of droxidopa and provide support for the use
of improvements in OHSA Item 1 as a benchmark indi-
cator of clinical efficacy in patients with nOH. A signifi-
cantly greater percentage of patients treated with
droxidopa compared with those who received placebo
had improvements in OHSA Item 1 scores at week 1.
The NNT values were <10 for both OHSA Item 1 im-
provement of >2 units and improvement by >50 % at
week 2 in the pooled study population and at weeks 4
and 8 in Study NOH306. The similarity of these results
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a
RD (95% CI)
Week 1
NOH301 23.3 (8.44 to 38.33)
NOH306 22.5 (8.95 to 36.04)
Pooled — @ 22.8 (12.78 to 32.85)
Week 2
NOH302 15.1 (-3.29 to 33.57)
NOH306 8.5 (~5.44 to 22.44)
Pooled 11.2 (<0.11 to 22.39)
Week 4
NOH306 11.6 (~2.27 to 25.53)
Week 8
NOH306 12.58 (—1.31 to 26.46)
0 2 4 6 8 10 12 14
NNT
RD (95% Cl)
Week 1
NOH301 19.9 (4.87 to 34.89)
NOH306 20.2 (6.53 to 33.86)
Pooled s EE— 20.1(9.94 to 30.13)
Week 2
NOH302 10.9 (-8.48 to 30.29)
NOH306 5.1 (-8.51 to 18.74)
Pooled 7.4 (-3.85 to 18.60)
Week 4
NOH306 17.3 (3.87 to 30.83)
Week 8511306 17.75 (4.13 to 31.38)
0 5 10 15 20 25
NNT
Fig. 1 NNT for improvement of =2 units (@) and =50 % (b) in OHSA Item 1 (Dizziness/Lightheadedness) Score*. NNT = number needed to treat;
OHSA = Orthostatic Hypotension Symptom Assessment; RD = risk difference (between event rates for droxidopa and placebo). *Error bars
depicting the 95 % Cls are provided for statistically significant NNT values
N

is indicative of the overall efficacy of droxidopa, regard-
less of the individual studies analyzed.

A small decrease in droxidopa response rates over time
was noted, although the overall variability at different time
points (the effects were less evident at week 8 than weeks
2 or 4) suggests that these observations are possibly trial

artifacts and are not supported by longitudinal trial data
in Study NOH306. It is unclear why this effect occurs, but
there could be at least 3 potential contributors to this
effect. First, results are pooled from 3 studies with varying
enrollment/inclusion criteria, differing study designs, and
outcome measurements. Although this heterogeneity does

Table 3 NNH for frequently occurring TEAEs (>5 %) in patients treated with droxidopa during randomized treatment

TEAE NOH301/302 NOH306 Pooled
Droxidopa (n=131)  Placebo (n=132) Droxidopa (n=114) Placebo (n=108) Droxidopa (n=245) Placebo (n=240)

Headache, n (%) 8(6.1) 4 (3.0) 15(13.2) 8 (74 23 (94) 12 (5.0)
NNH (95 % Cl) 33 (NS) 18 (NS) 23 (NS)

Dizziness, n (%) 5398 2 (1.5 11 (9.6) 5(4.6) 16 (6.5) 7 (29)
NNH (95 % Cl) 44 (NS) 20 (NS) 28 (NS)

Nausea, n (%) 2 (1.5 2 (1.5 10 (8.8) 5(4.6) 12 (4.9) 7 (29
NNH (95 % CI) 8647 (NS) 20 (NS) 51 (NS)

Fatigue, n (%) 2(15) 323 8 (70 6 (56) 10 (4.1) 938
NNH (95 % Cl) -135 (NS) 69 (NS) 302 (NS)

Hypertension, n (%) 2 (1.5) 0 8 (7.0) 1(0.9) 10 (4.1) 1(04)
NNH (95 % Cl) 66 (NS) 17 (NS) 28 (15.9-94.6)

NNH number needed to harm, NS not significant due to boundaries that include 0, TEAE treatment-emergent adverse event
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not create a concern for pooling data at any single time
point, the pooling of different studies at different time
points may result in challenges when results are examined
longitudinally. Of note, Study NOH306 contributes data
at each time point examined (ie, weeks 1, 2, 4, and 8), but
Study NOH301 contributes data only at week 1, and Study
NOH302 only contributes data at week 2. Secondly, it has
been suggested this finding could be related to physiologic
factors (eg, adaptation of adrenoreceptors in response to
droxidopa therapy [5]), or psychometric factors (eg, re-
sponse shift, a phenomenon associated with patient-
reported outcomes in which positive treatment effects
influence the patient’s recall of baseline symptoms [11]).
Finally, the observed response trends may be a result of
increased adherence to nonpharmacologic nOH manage-
ment techniques within the placebo group that were en-
couraged in both arms as part of the clinical trial
protocols [5].

With regard to the safety of droxidopa, the NNH of
the pooled studies for AEs leading to study discontinu-
ation was high (NNH = 81). For specific AEs, the NNHs
were also high, with only the NNH for hypertension
being significantly different between droxidopa and pla-
cebo. The LHH for droxidopa was favorable, being 8.6
times more likely to show a clinical benefit than result
in AEs that would lead to discontinuation of treatment.
In our study, supine hypertension was defined as SBP
>180 mm Hg. Use of this threshold underestimates
supine hypertension if the condition is defined by a
lower SBP value. However, it should be noted that
patients with nOH experience blood pressure variability
and supine hypertension as part of the natural course of
the disease [12]. Because patients with nOH have a fun-
damental inability to control their blood pressure and
may often experience blood pressures >160 mm Hg
when supine (without treatment), thresholds for hyper-
tension applicable to the general population may not be
relevant in a nOH population.

In 2 of the studies (NOH301 and NOH302) included
in our analyses, only patients who met the responder
definition during the open-label dose optimization
period and continued to the double-blind treatment
period were included. Although pooling data across the
3 studies provides a more robust estimate of NNT and
NNH for droxidopa treatment, the post hoc analyses of
the trial results introduce methodological challenges.
The method for calculating NNT and NNH requires a
comparison group; thus, only the post-randomization
period results from Study NOH301 and NOH302 could
be included in the analyses. This led to the exclusion of
the 181 patients who were not treatment responders
during the open-label titration optimization in these 2
trials; therefore, there could be a concern that the NNT
analyses might be biased in favor of droxidopa. The
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magnitude of the bias can be examined by comparison of
the results in Table 2 from Studies NOH301/NOH302 (in
which only open-label responders were randomized) to
Study NOH306 (in which all patients were randomized).
At week 1, the absolute risk reduction for >2 units of
OHSA Item 1 improvement between Study NOH301
(23.3 %) and Study NOH306 (22.5 %) are similar (with
analogous results found for the =50 % improvement). At
week 2, there is a considerable difference between abso-
lute risk reduction for >2 units of improvement in OHSA
Item 1 in Study NOH302 and Study NOH306 (15.1 % vs
8.5 %); however, the week 2 results in Study NOH306 are
somewhat anomalous when compared to outcomes at
other weeks in the study. At weeks 1, 4, and 8 (excluding
week 2), the absolute risk differences for >2 units of im-
provement in OHSA Item 1 found in Study NOH306
were 22.5 % (as noted above), 11.6 %, and 12.5 %, respect-
ively (Table 2). Thus, because the results at these other
weeks are similar, it is clear that the risk difference at week
2 (8.5 %) is an outlier that makes it seem that the pooled
Study NOH301/302 results are biased in favor of droxi-
dopa. Overall, it appears that any bias in the NNT result-
ing from the study design/randomization strategy in
Studies NOH301 and NOH302 is not large, regardless of
different study designs in Study NOH302 (open-label
titration period followed by randomized treatment with-
drawal) and NOH306 (all patients were randomized).

As noted above, estimation of the NNH also requires a
control group to compare the incidence of AEs versus
the treated group. Thus, it is not possible to determine
the NNH impact of AEs in the open-label period of
Studies NOH301/NOH302. In Study NOH301, 12
patients discontinued participation due to an AE during
the open-label period, and in Study NOH302, there were
43 patients who discontinued the study prior to
randomization due to an AE/blood pressure elevation,
resulting in a total of 12.4 % (55/444) patients not
completing the open-label titration phase due to an AE
(including blood pressure elevation). In Study NOH301,
the most frequently reported AEs leading to discontinu-
ation were nausea (1.5 %), or hypertension (0.8 %) [3]. In
Study NOH302, the most frequently reported AE leading
to discontinuation was dizziness (n=3) [6]. During the
open-label periods of Studies NOH301 and NOH302,
the AE profile for all patients was qualitatively similar to
that during randomized treatment; the most frequently
reported AEs were headache, dizziness, nausea, fatigue,
and falls. Although use of only randomized patient data
may provide less conservative treatment effect estimates
for a patient initiating droxidopa in routine clinical prac-
tice, it does not appear that inclusion of patient data
from the open-label period of NOH301 and NOH302
would substantially impact the NNT/NNH interpre-
tation or the clinical significance of the results.
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Dizziness/lightheadedness is the cardinal symptom of
nOH [1, 7], and improvement of this symptom may repre-
sent the most clinically relevant benefit of nOH treatment
for patients. The OHQ was developed to assess the sever-
ity and impact of symptoms in patients with nOH [7]. The
OHQ was initially validated in patients with nOH [7] and
more recently proved to be an effective tool for assessing
the severity of orthostatic hypotension in older patients
(median age, 67) with a clinical diagnosis of orthostatic
hypotension [13]. However, benchmarks for clinically rele-
vant improvements in the symptoms of nOH have not
been fully evaluated. The consistency of NNT values
between using an improvement of >2 units or >50 % in
OHSA Item 1 scores and the fact that NNT values were
<10 suggest that the use of these criteria/endpoints to
assess the efficacy of droxidopa for the treatment of nOH
are clinically meaningful [9]. The clinical relevance of
droxidopa may be further examined by the NNH for falls
in Study NOH306B where falls were a secondary end-
point, recorded through patient-reported electronic diary
entries, with fall injuries determined from prespecified AE
types (occurring on the day of or day after a fall) [5]. The
result suggests that droxidopa treatment is associated with
a greater number of avoided falls and fall-related injuries
compared with placebo.

A potential limitation of this analysis for NNT deter-
mination is that there is currently no gold standard for
demonstrating a treatment response for patients with
nOH. However, using 2 definitions of improvement in
OHSA Item 1 (=2 units of improvement or >50 % im-
provement), similar NNT values were obtained, suggest-
ing that these endpoints may be good indicators of a
clinically meaningful response in patients with nOH. A
second potential limitation is that using discontinuations
due to AEs as a clinically relevant proxy for overall toler-
ability to determine NNH may lead to a conservative
estimate of NNH because of the assumption that all AEs
were due to study drug. It should be pointed out that
the pooled calculated NNH for discontinuations due to
AEs (81) is within the range of NNHs based on individ-
ual AEs (from 23 for headache to 302 for fatigue in the
pooled analysis). A further limitation of these analyses is
that for the assessment of LHH, the selection of out-
comes used for NNT and NNH determination can be
subjective as their relative importance to the patient may
vary [9]. As discussed above, the endpoints chosen for
NNT and NNH determinations yielded consistent results
with respect to the efficacy and safety endpoints.

Conclusions

Droxidopa is an efficacious drug for the treatment of
nOH, with NNTs below 10 following weeks 1, 2, 4, and
8 of treatment and an acceptable tolerability profile, with
NNH values ranging from 20 to 8647 for specific TEAEs.
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Furthermore, based on the LHH for the pooled analysis
at week 1, compared with placebo, droxidopa is 7.8
times more likely to show a clinical benefit than result
in a discontinuation due to an AE. In addition, when the
analysis is limited to injuries due to falls, there appears
to be a consistent numerical trend for decreased injuries
favoring droxidopa.

Acknowledgments

We thank Steven Kymes, PhD, at Lundbeck LLC for his valuable

intellectual contributions during manuscript revision. The authors
received editorial assistance from CHC Group (North Wales, PA),

which was supported by Lundbeck.

Funding

The data reported in this manuscript were derived from clinical trials funded
by Lundbeck. The funding body participated in the design of this study, data
analysis and interpretation, and in the preparation of the manuscript.

Availability of data and materials
The de-identified data sets analyzed during the current study are available
from the corresponding author upon reasonable request.

Authors’ contributions

CF and PV conducted the NNT analysis using data from Studies NOH301,
NOH302, and NOH306 as well as the review and editing of the manuscript.
LAH and GJR participated in the design, conduct, and analysis of Studies
NOH301, NOH302, and NOH306 as well as review and editing of the
manuscript. RAH participated in the conduct and analysis of Study NOH306
as well as the critical review and revision of the manuscript and the
statistical analyses. All authors read and approved the final manuscript.

Competing interests

CF and LAH are employees of Lundbeck. GJR and PV were employees of
Lundbeck at the time of manuscript development. In the past 36 months,
RAH has received personal fees from Acadia Pharmaceuticals, Auspex
Pharmaceuticals, Acorda Therapeutics, AstraZeneca, Civitas Therapeutics
(now Acorda Therapeutics), Cowen Therapeutics, Gerson Lehrman Group
(GLG), Allergan Neuroscience, AbbVie, Biotie Therapies, Chelsea Therapeutics
(now Lundbeck LLC), Cynapsus Therapeutics, Eli Lilly and Company, Impax
Laboratories, Lundbeck Pharmaceuticals, the Michael J. Fox Foundation for
Parkinson’s Research, Neurocrine Biosciences, Novartis, Pfizer Inc, Sarepta
Therapeutics, Teva Pharmaceuticals, GuidePoint Global, UCB BioSciences, Inc,,
and US WorldMeds. RAH is employed by the University of South Florida (FL,
USA) and is supported in part by a Center of Excellence grant from the
National Parkinson Foundation.

Consent for publication

No new data were collected for this study; the data were obtained from
published articles and clinical study reports. As such, all data are fully
de-identified.

Ethics approval and consent to participate

The data analyzed in the current study were collected during 3 previously
reported clinical trials and were used with the permission of Lundbeck LLC
(sponsor of the 3 clinical trials). No data (personal or clinical) from any
individual participant are reported in this manuscript. During the original
clinical trials, all individual data contributing to the analyses of the group
data reported herein were collected in accordance with local or centralized
institutional review board approval. The original trials were conducted
according to the Declaration of Helsinki and its amendments, the
International Conference on Harmonisation Good Clinical Practice guidelines,
and applicable laws and regulations for each research site. Patients provided
written informed consent before original study participation.

Author details

'Lundbeck LLC, 6 Parkway North, Deerfield, IL 60015, USA. *Parkinson’s
Disease and Movement Disorders Center, University of South Florida, 4001 E
Fletcher Ave, Tampa, FL 33596, USA.



Francois et al. BMC Neurology (2016) 16:143

Received: 22 December 2015 Accepted: 5 August 2016
Published online: 18 August 2016

References

1.

Freeman R, Wieling W, Axelrod FB, Benditt DG, Benarroch E, Biaggioni |,

et al. Consensus statement on the definition of orthostatic hypotension,
neurally mediated syncope and the postural tachycardia syndrome. Clin
Auton Res. 2011,21:69-72.

Northera (droxidopa). Full Prescribing Information. Deerfield, IL: Lundbeck
NA Ltd; 2014.

Kaufmann H, Freeman R, Biaggioni |, Low P, Pedder S, Hewitt LA, et al.
Droxidopa for neurogenic orthostatic hypotension: a randomized,
placebo-controlled, phase 3 trial. Neurology. 2014;83:328-35.

Hauser RA, Hewitt LA, Isaacson S. Droxidopa in patients with neurogenic
orthostatic hypotension associated with Parkinson'’s disease (NOH306A).

J Parkinsons Dis. 2014;4:57-65.

Hauser RA, Isaacson S, Lisk JP, Hewitt LA, Rowse G. Droxidopa for the
short-term treatment of symptomatic neurogenic orthostatic hypotension
in Parkinson’s disease (NOH306B). Mov Disord. 2015;30:646-54.

Biaggioni |, Freeman R, Mathias CJ, Low P, Hewitt LA, Kaufmann H, et al.
Randomized withdrawal study of patients with symptomatic neurogenic
orthostatic hypotension responsive to droxidopa. Hypertension. 2015;65:
101-7.

Kaufmann H, Malamut R, Norcliffe-Kaufmann L, Rosa K, Freeman R. The
orthostatic hypotension questionnaire (OHQ): validation of a novel
symptom assessment scale. Clin Auton Res. 2012;22:79-90.

Laupacis A, Sackett DL, Roberts RS. An assessment of clinically useful measures
of the consequences of treatment. N Engl J Med. 1988,318:1728-33.

Citrome L. Number needed to treat: what it is and what it isn't, and
why every clinician should know how to calculate it. J Clin Psychiatry.
2011;72:412-3.

Bender R. Calculating confidence intervals for the number needed to treat.
Control Clin Trials. 2001;22:102-10.

Hufford MR, Shiffman S. Methodological issues affecting the value of
patient-reported outcomes data. Expert Rev Pharmacoecon Outcomes Res.
2002;2:119-28.

Sharabi Y, Goldstein DS. Mechanisms of orthostatic hypotension and supine
hypertension in Parkinson disease. J Neurol Sci. 2011;310:123-8.

Frith J, Newton JL. Validation of a questionnaire for orthostatic hypotension
for routine clinical use. Geriatr Gerontol Int. 2016;16:785-90.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registrations

	Background
	Methods
	Patient populations of pooled clinical studies
	Study designs
	Outcomes
	Statistics
	Ethics, consent, and permissions

	Results
	Study population
	Number needed to treat
	Number needed to harm
	Frequently occurring adverse events
	Discontinuations due to adverse events
	Supine hypertension
	Falls

	Likelihood of being helped or harmed

	Discussion
	Conclusions
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

