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ABSTRACT

On-demand therapies for Parkinson’s disease
(PD) provide rapid, reliable relief for patients
experiencing OFF periods; however, practical
guidelines on the use of these therapies are not
generally available. This paper reviews the use
of on-demand treatments. Motor fluctuations
occur in nearly all patients with PD after long-
term use of levodopa. As the goal of PD treat-
ment is to provide good ON time, on-demand
treatments that have a more rapid reliable onset

than the slower-acting oral medications provide
rapid relief for OFF periods. All current on-de-
mand treatments bypass the gastrointestinal
tract, providing dopaminergic therapy directly
into the blood stream by subcutaneous injec-
tion, through the buccal mucosa, or by inhala-
tion into the pulmonary circulation. On-
demand treatments are fast acting (10- to
20-min onset), with maximum, reliable, and
significant responses reached within 30 min
after administration. Oral medications pass
through the gastrointestinal tract and thus have
slower absorption owing to gastroparesis and
competition with food. On-demand therapies,
by providing fast-acting relief, can have a posi-
tive impact on a patient’s quality of life when
patients are experiencing OFF periods.
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Key Summary Points

On-demand therapies for Parkinson’s
disease provide rapid, reliable relief for
patients who are experiencing OFF periods

To many healthcare providers, it may be
unclear how these on-demand therapies
fit into the existing treatment paradigm

OFF periods occur in nearly all patients
with PD with long-term use of levodopa

On-demand treatments that have a more
rapid onset than oral medications are
useful additions for OFF periods, and can
have a positive impact on a patient’s
quality of life at any stage of the disease

Healthcare providers should consider
offering on-demand therapies to patients
with OFF periods

INTRODUCTION

On-demand therapies for Parkinson’s disease
(PD) are available to provide rapid, reliable relief
for patients who are experiencing OFF periods
[1, 2]. Oral levodopa (LD), administered with an
L-dopa decarboxylase inhibitor such as carbidopa
(CD), remains the gold-standard treatment for
PD. Other medications, such as dopamine ago-
nists, catechol-O-methyltransferase (COMT) and
monoamine oxidase-B (MAO-B) inhibitors, ade-
nosine A2A antagonists, and N-methyl-D-aspar-
tate (NMDA) antagonists, provide adjunctive
treatment. In patients with medication-resistant
motor fluctuations and dyskinesia, other treat-
ment options include CD/LD enteral suspension
(CLES) and deep brain stimulation (DBS) [3].

To many healthcare providers (HCPs), it may
be unclear how on-demand therapies fit into
the existing treatment paradigm, and how to
initiate these therapies. The purpose of this
review is to provide practical recommendations
on the use of on-demand treatments for OFF
periods in patients with PD.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Role of On-demand Therapies
for Parkinson’s Disease

The first rescue treatment for PD OFF periods,
apomorphine for subcutaneous injection, was
approved in the USA approximately 20 years
ago [4].

In the authors’ opinion, on-demand treat-
ments are underutilized as there are no guide-
lines on the use of these therapies, and experts
often differ on when to use them. The Interna-
tional Parkinson and Movement Disorder Soci-
ety Evidence-Based Medical Review for motor
symptoms in Parkinson’s disease and the
American Academy of Neurology guidelines
only mention the use of subcutaneous apo-
morphine as on-demand therapy, but do not
discuss when or how it should be used in clin-
ical practice [5, 6]. Even most treatment guide-
lines have not clearly defined when to use them
[7–12].

In migraine headaches, rescue therapy is a
widely used and understood term [13], but there
is no standard or consensus term for these
therapies in PD. HCPs use terms such as on-de-
mand, rescue, as needed, or acute treatments of
OFF periods to describe them. For this review,
we will use the term on-demand therapy.

Defining OFF Periods
In general, oral CD/LD provides an approxi-
mately 25% improvement in PD motor symp-
toms [14] and, in initial stages of the disease,
this improvement is consistently present
throughout the day (sometimes referred to as
the honeymoon period). An OFF period is when
an individual dose of oral carbidopa/levodopa
(CD/LD) is not providing the usual symp-
tomatic benefit in PD symptoms. OFF time
refers to the cumulative duration of all the OFF
periods during a day. Eventually, nearly all
patients develop motor fluctuations and OFF
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periods. The type, duration, and severity of OFF-
period symptoms may vary during the day
[2, 15–17]. In addition to motor symptoms like
tremor, bradykinesia, gait, and balance diffi-
culties, nonmotor symptoms, such as fatigue,
anxiety, cognitive difficulties (brain fog),
attention problems, panic attacks, depression,
and apathy, may occur as part of OFF periods
[18–20]. In some patients, nonmotor OFF
symptoms can have a greater impact on a
patient’s quality of life than motor symptoms
[21]. OFF periods can have a significant impact
on the patient and caregiver [22, 23], and can
affect the patient’s quality of life and increase
caregiver burden.

Development of OFF Periods
Long-term use of LD results in motor fluctua-
tions (OFF periods) and dyskinesia [24, 25].
Patients with PD who take LD are believed to
have long-duration and short-duration respon-
ses [26, 27]. In early disease, the long-duration
response, resulting from the buffering capacity
of dopaminergic neurons, masks the effects of
plasma LD fluctuations due to individual dos-
ing. OFF periods are often predictable at first,
but, with disease progression, they become
unpredictable. As the disease progresses and
striatal dopaminergic neurons are lost, the
ability of these neurons to buffer the fluctuating
LD levels from oral administration becomes
impaired, and the fluctuating plasma LD levels,
along with the short half-life of LD, are associ-
ated with the occurrence of OFF periods. It is
believed that fluctuating plasma LD levels may
correlate with neuronal dopamine levels, and,
when the level of LD declines below a certain
point, PD symptoms reoccur. Eventually, the
symptom response becomes parallel to the level
obtained from each dose of LD, and mimics the
LD half-life of 90 min [15, 26, 28].

In addition to the loss of the buffering
capacity of dopaminergic neurons and the short
half-life of LD, gastrointestinal (GI) issues play
an important role in OFF periods. GI tract dys-
function is common in patients with PD, with
GI symptoms experienced in approximately
60–80% of patients [29–31]. GI dysfunction and
delayed gastric emptying impair the absorption
of LD, which occurs in the proximal small

intestine [32, 33]. Helicobacter pylori infection is
also more frequent in patients with PD, and
may additionally impair absorption of oral LD
in the GI tract [31, 34]. Furthermore, a protein-
rich meal is likely to impair LD absorption, as
large neutral amino acids compete with LD for
the active-transport system that allows them to
cross the small intestine and blood–brain barrier
[35, 36]. Finally, small intestinal bacterial over-
growth can also impair LD absorption in the gut
[37]. These GI issues affect the rise in plasma LD
levels, and therefore play a role in motor fluc-
tuations and the occurrence of OFF periods.

In the authors’ experience, patients often use
oral CD/LD from their own baseline medication
regimen as on-demand therapy, with or without
HCP guidance, to manage their OFF periods.
Although it may be helpful for some patients,
the GI issues make the use of oral CD/LD an
unreliable on-demand therapy. In addition, oral
CD/LD does not provide a consistent or rapid
rise in plasma LD levels. Table 1 shows that
alternative oral LD formulations and adjunct
medications have only a limited effect on
reducing daily OFF time.

Identifying PD Patients with OFF Periods
The principal types of OFF periods are shown in
Fig. 1. The American Academy of Neurology
recommends that physicians should ask
patients with PD about the presence of OFF
periods at every clinic visit [38]. The best way to
evaluate if a patient is having OFF time is by
obtaining a thorough history, specifically
inquiring about OFF periods. This is critical,
because often patients may not realize that they
are experiencing them. This can be done by, for
example, asking the patient to describe their
symptoms throughout the day. Is the patient
having an OFF period when they wake up? Early
morning OFF is often under-recognized. In one
study using a monitoring wrist device, it was
reported that 85% of the PD patients with
motor fluctuations had early morning OFF
periods [39]. Some of the questions that may
help HCPs recognize if their patients are expe-
riencing OFF periods are shown in Fig. 2. A good
question to ask the patient is: how long does it
take for your first day’s dose of oral CD/LD to
start working? A standard dose of CD/LD
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Table 1 Alternative levodopa formulations and adjunct medications have a limited effect on daily OFF time

Class Drug Trial comparatora Duration Change in daily OFF time
vs. standard therapy, h

References

LD (ER) capsules CD/LD ER CD/LD ER vs. CD/

LD IR

13 weeks - 1.17 Hauser et al.

2013 [69]

LD (CLES) CLES CLES vs. PBOb 12 weeks - 1.91 Olanow et al.

2014 [70]

COMT inhibitor Entacapone Entacapone vs. PBO 6 months - 1.1 Rinne et al.

1998 [71]

Opicapone Opicapone vs. PBO

(? 1 year open

label)

14–15 weeks - 0.9 (50 mg/day) Lees et al.

2017 [72]

Tolcapone Tolcapone vs. PBO 6 weeks - 2.0 (100 mg 3 9 daily) Adler et al.

1998 [73]- 2.5 (200 mg 3 9 daily)

MOA-B inhibitor Rasagiline Rasagiline vs. PBO 26 weeks - 0.94 (1.0 mg/day) PSG 2005

[74]- 0.49 (0.5 mg/day)

Zydis selegiline Zydis selegiline vs.

PBO

12 weeks - 1.6 Waters et al.

2004 [75]

Safinamide Safinamide vs. PBO 24 weeks - 1.3 Schapira

et al. 2017

[76]

Dopamine agonist Apomorphine

(SC

injection)

Apomorphine (SC) vs.

PBO

4 weeks - 2.0 Dewey et al.

2001 [56]

Pramipexole

ER

Pramipexole ER vs.

PBOc

18 weeks - 0.7 Schapira

et al. 2011

[77]

Pramipexole IR Pramipexole IR vs.

PBOc

18 weeks - 1.1 Schapira

et al. 2011

[77]

Ropinirole-PR Ropinirole vs. PBO 24 weeks - 1.8 Pahwa et al.

2007 [78]

Rotigotine

transdermal

patch

Rotigotine patch vs.

PBO

24 weeks - 1.8 (8 mg/day) LeWitt et al.

2007 [79]- 1.2 (12 mg/day)

NMDA receptor

antagonist

Amantadine

ER

Amantadine ER vs.

PBO

13 weeks - 1.1 Oertel et al.

2017 [80]

24 weeks - 0.8 Pahwa et al.

2017 [78]
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usually becomes effective about 20 min after
ingestion. If a patient continues to be in the
OFF state after 40 min, they should be consid-
ered to be having a delayed ON [40]. The dura-
tion of benefit of a single oral CD/LD dose
determines the presence of end-of-dose wearing
OFF. Some patients report having OFF periods
when they miss a CD/LD dose, or if they delay

taking a dose. For these patients, the time to ON
becomes an important consideration for on-
demand therapy use. If the patient does not
show any improvement in their symptoms after
taking an oral dose of LD, the patient has dose
failure or ‘‘no ON.’’ Often, a free-flowing line of
questioning is more helpful than asking
patients directly if they have OFF periods,

Table 1 continued

Class Drug Trial comparatora Duration Change in daily OFF time
vs. standard therapy, h

References

Adenosine A2A

receptor

antagonist

Istradefylline Istradefylline vs. PBO 12 weeks - 1.2 LeWitt et al.

2008 [81]

CD carbidopa, CLES CD/LD enteral suspension, COMT catechol-O-methyltransferase, ER extended release, IR immediate
release, LD levodopa, MAO-B monoamine oxidase-B, NMDA N-methyl-D-aspartate, PBO placebo, PR prolonged release,
SC subcutaneous
aPatients on maintenance L-dopa decarboxylase inhibitor/LD ? other antiparkinsonian medication
bRandomized to oral CD/LD plus PBO intestinal gel infusion, or CLES plus oral PBO
cParallel trial of pramipexole ER and pramipexole IR vs. PBO

Fig. 1 Different types of OFF: Early-morning OFF, or
morning akinesia, is when the first oral dose of the day
takes a long time to work. End-of-dose wearing OFF is the
process when the oral dose no longer relives symptoms
leading to the patients being OFF. Delayed ON (similar to
morning akinesia) is when the oral dose takes very much

longer to relieve symptoms than usual (often because of GI
dysfunction). Dose failure or no ON is when oral CD/LD
does not produce an ON state [15, 16, 82, 83]. CD/LD
carbidopa/levodopa, GI gastrointestinal
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because their understanding of OFF may be
limited. The use of this kind of dialogue is
supported by the results of a survey of physi-
cians, patients, and care partners [41]. An issue
that may arise when talking with patients about
OFF periods is that there can be lexicological
and other miscommunications between physi-
cians and patients. For example, in one study,
many patients misunderstood why their physi-
cian was asking them how often and when they
had PD symptoms and thought they were ask-
ing about their medication adherence [42]. The
same study also reported that patients tended to
talk in terms of anecdotal, personal life narra-
tives, and, in this case, only 3 out of 29 patients
and no care partners used the term ‘‘wearing
OFF’’. In the OFF-PARK survey, Matthews et al.
showed that 30% of patients and 17% of care
partners, who previously had said they under-
stood wearing OFF, in reality gave the wrong
answer to a question about the relationship
between OFF-period symptoms and medication
timing, and 53% of these patients and 36% of
care partners did not answer when they were
asked what wearing OFF meant [43].

There are a number of questionnaires that
assess patient status, for example, the Wearing
OFF Questionnaires (WOQ), WOQ-32, WOQ-
19, and WOQ-9 [44]. The WOQ-9, in particular,
was designed to be completed easily in a clinic.
There are also patient home diaries, in which
patients record their ON or OFF states during a
set period of time at regular intervals during the
day [45].

Wearable sensors provide an opportunity to
obtain more consistent data, in the form of
wrist-worn activity sensors, or other sensors
attached to different areas of the body that can
detect tremor, bradykinesia, and dyskinesia
[46, 47]. The advantage of wearable sensors is
that they can provide continuous measurement
over long periods and do not rely on the patient
completing diaries or questionnaires. Therefore,
the accuracy of defining OFF periods could
increase. Sensors are currently not widely used,
and their utility in clinical settings needs to be
further studied. However, as algorithms that
analyze the data from wearable sensors further
improve, it seems very likely that their use will
increase in the future.

Fig. 2 Examples of questions that can be used to ask patients about their OFF periods
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Selecting Patients for On-Demand
Therapy

On-demand therapy can be used for PD patients
experiencing OFF periods including early
morning OFF; delayed ON; (end of dose) wear-
ing OFF; dose failure, or no ON; or OFF periods
after food intake (Fig. 1) [1, 2, 15, 48]. The
majority of PD patients with motor fluctuations
experience early morning OFF periods which
can significantly impact their quality of life
[49, 50]. Early morning OFF periods are reported
even in patients on multiple adjunctive thera-
pies including CD/LD infusion therapies [51].
Delayed ON is another major contributor to the
total OFF time during the day. One study
reported that delayed ON comprised nearly 70%
of the total daily OFF time for the day [52].
Although wearing OFF is frequently predicted
by the patients, dose failures are often unpre-
dictable. OFF periods due to food intake might
limit protein intake by patients and lead to
weight loss, especially muscle volume loss [31].

Current On-Demand Treatments

On-demand treatments bypass the GI tract and
provide dopaminergic therapy directly to the
blood stream, by subcutaneous injection,
through the buccal mucosa, or by inhalation
into the pulmonary circulation (Table 2). There
are currently three approved on-demand thera-
pies to treat OFF periods: subcutaneously
injected apomorphine [4], sublingual apomor-
phine, and inhaled LD. They produce a rapid,
reliable benefit because they are absorbed
directly into the circulation and do not have to
pass through the GI tract [1, 2]. It has been
shown with pharmacokinetic studies that using
oral LD produces a slower and more inconsis-
tent increase in plasma LD compared with
inhaled LD (Fig. 3). As a result of on-demand
therapies’ rapid and consistent absorption,
onset of relief of motor symptoms is fast (within
about 10–20 min), with a duration of effect of
60–90 min [53–55].

In clinical trials with on-demand therapies,
the primary outcome measure was improve-
ment in the Unified Parkinson’s Disease Rating

Motor (UPDRS III) scores [1, 2, 48], where
improvements of 4–20 points were observed
over placebo depending on the study, drug, and
sample population [54–57]. Significant
improvements in motor function after admin-
istration have also been observed after
30–60 min [54, 55]. Onset of action (as seen by
better UPDRS III scores) start at about
10–15 min post-dose [53–55]. Duration of effect
is about 60–90 min [53–55]. OFF time reduc-
tions have also been observed (e.g., an
improvement of 2 h for subcutaneous apomor-
phine over placebo) [56]. Nonmotor symptoms
have not been investigated in randomized
controlled trials of on-demand therapies, but
many nonmotor symptoms during OFF periods
could improve with dopaminergic treatment
[15, 18, 58]. On-demand medication can be
administered up to five times daily. Only one
dose should be used for an individual OFF per-
iod [4, 59, 60].

Subcutaneous Apomorphine
Apomorphine is a non-ergot dopamine agonist
with D1 and D2 receptor affinity and with
potent antiparkinsonian benefits [53], which
were recognized in the 1950s [61]. Apomor-
phine is extensively and rapidly sulfonated in
the GI tract, and hence cannot be administered
orally. Subcutaneous apomorphine is adminis-
tered through a pen injector [4]. The usual dose
to obtain an ON state is between 2 and 6 mg
(0.2–0.6 mL). Subcutaneous apomorphine
improved UPDRS III scores by 23.9 points
compared to 0.1 for placebo and resolved OFF
periods in 95% of the patients [56]. The bene-
ficial effect usually begins in 10–15 min and
lasts for up to 90 min [2, 57, 62]. In an open
label study to assess the effect of apomorphine
on time to ON in PD patients with morning
akinesia, patients receiving subcutaneous apo-
morphine achieved ON in approximately
24 min compared to 61 min with oral CD/LD.
In addition, fewer patients had dose failures
with apomorphine (7%) compared to oral CD/
LD (46%) [63].

Common adverse events for subcutaneous
apomorphine include nausea, vomiting, som-
nolence, dizziness or light-headedness, and
yawning. Many patients also experience
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Table 2 On-demand treatments available in the United States

Drug/year of
FDA approval

Administration Dose Efficacy outcomesa Comments Contraindications/
precautions

Subcutaneous

apomorphine

(Apokyn�)

Subcutaneous

injection using

multiple-dose

Apokyn pen

injector and glass

cartridge

containing 3 mL/

30 mg

apomorphine HCl

(10 mg/mL)

Starting dose

0.2 mL

Primary endpoint

Mean change vs.

placebo in UPDRS

III at 20 min post-

dose - 23.9 vs.

- 0.1 (difference

- 23.8) P\0.001.

Mean dose 5.4 mg

First dose

requires

medical

supervision/

titration for

optimum

doses

Contraindicated

with 5-HT3

antagonists,

including the anti-

emetics

ondansetron,

granisetron,

dolasetron,

palonosetron,

alosetron

Approved: 2004

[56, 57, 63]

Single cartridge, pen,

and needle can

deliver doses up to

1 mL (10 mg) in

0.02-mL (0.2 mg)

increments

Titrate up to

0.6 mL

depending

on

effectiveness

and

tolerance

Secondary outcomes

Hand tapping score

improvement vs.

placebo: 88% vs.

- 4%; P\0.001

Webster Step

Seconds

improvement:

- 65 vs. 0;

P\0.001

Injection

required;

limits patient

acceptance

Max 5 doses per day Skin reactions

such as

soreness and

itching may

occur

Requires device

assembly to

use
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Table 2 continued

Drug/year of
FDA approval

Administration Dose Efficacy outcomesa Comments Contraindications/
precautions

Sublingual

apomorphine

(KynmobiTM)

Sublingual film, 10-,

15-, 20-, 25-,

30-mg dose

strengths

Initial dose

10 mg

Primary endpoint

Mean change vs.

placebo in MDS-

UPDRS III at

30 min post-dose:

- 11.1 vs. - 3.5

(difference - 7.6)

P = 0.0002). Mean

dose 19.6 mg

Film held

under tongue

for 3 min

without

swallowing

Contraindicated

with 5-HT3

antagonists,

including the anti-

emetics

ondansetron,

granisetron,

dolasetron,

palonosetron,

alosetron
Approved: 2020

[55, 60]

Max 5 doses per day Titrate up to

30 mg

depending

on

effectiveness

and

tolerance

Secondary outcomes

Response rate of self-

rated full ON

response within

30 min post-dose

vs. placebo at week

12: 35% vs. 16%

(OR 2.81)

P = 0.043

Response rate of self-

rated full ON

response within

30 min post-dose

lasting at least

30 min vs. placebo

at week 12: 31% vs.

14% (OR 2.80)

P = 0.05

Oropharyngeal

AEs are

common

Premedication

with anti-

emetic not

required for

many

patients

Can titrate at

home
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injection site skin reactions [26%], including
bruising [16%], granuloma [4%], and pruritus
[2%]) [4]. Skin reactions can be minimized by
rotating the site of injection, local massage,
ultrasound, or injecting steroids in the nodules.
In clinical practice, the first dose of subcuta-
neous apomorphine must be given under med-
ical supervision. The authors recommend
initiating the first dose with 0.1 mL subcuta-
neously and observing the patient for any acute
side effects including nausea, vomiting, or
orthostatic hypotension. Blood pressure should
be monitored for approximately 60 min, or
longer if the patient continues to have an
orthostatic drop in blood pressure. We recom-
mend continuing the 0.1-mL dose for 2–4 days
and then increasing the dose to 0.2 mL for 2–-
4 days and keep increasing the dose to efficacy.
If the patient has nausea, 5HT3 antagonists
(including anti-emetics, like ondansetron,

granisetron, dolasetron, etc.) are contraindi-
cated [4].

Sublingual Apomorphine
Due to the limitations and lack of widespread
acceptance of subcutaneous apomorphine, a
sublingual formulation was approved by the
FDA. The apomorphine strip consists of a
bilayer film with apomorphine in one layer and
a buffer designed to minimize mucosal irrita-
tion in the other layer. Sublingual apomorphine
is absorbed from the oral cavity and bypasses
the first-pass metabolism in the GI tract. The
approved dose of sublingual apomorphine is
10–30 mg [55, 64]. In a phase III study [55],
sublingual apomorphine improved MDS-UPDRS
III scores by 7.6 points compared to placebo at
week 12. In the home environment sublingual
apomorphine provided a full ON response
within 30 min in approximately 79% of subjects

Table 2 continued

Drug/year of
FDA approval

Administration Dose Efficacy outcomesa Comments Contraindications/
precautions

Inhaled

levodopa

(Inbrija�)

Orally inhaled using a

provided inhaler

and capsules

Single dose of

84 mg (two

42-mg

capsules)

Primary endpoint

Mean change vs.

placebo in UPDRS

III at 30 min post-

dose - 9.83 vs.

- 5.91 placebo (LS

difference - 3.92)

P = 0.0088

Requires device

assembly to

use

Not recommended in

people with

asthma, COPD, or

another chronic

underlying lung

disease

Approved: 2018

[54, 59]

One dose per OFF

period

Secondary outcome

Achieve and

maintain ON state

at 60 min post-

dose: 58% vs. 36%

on placebo (OR

2.65) P = 0.0027

Cough and

discolored

sputum most

common AEs

Max 5 doses per day Relatively low

dose of LD

5-HT3 serotonin, AE adverse event, COPD chronic obstructive pulmonary disease, FDA United States Food and Drug
Administration, HCl hydrochloride, LD levodopa, LS least squares, OR odds ratio
aFrom double-blind studies; significant (P B 0.05) outcomes shown
Modified from Hauser et al. 2021 [1] and Olanow et al. 2021 [2]
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compared to 31% with placebo. Improvements
began as soon as 15 min after administration.
Oropharyngeal adverse effects are the most
common side effects, occurring in

approximately 31% of the patients and leading
to 17% of patients discontinuing therapy. They
included oral mucosal erythema, dry mouth, lip
swelling, lip edema, throat irritation, and glos-
sodynia. Other adverse effects were similar to
subcutaneous apomorphine [55].

In clinical practice, similar to subcutaneous
apomorphine, the first dose of sublingual apo-
morphine must be given under medical super-
vision [60]. The authors recommend initiating
the first dose with 10 mg placed under the
tongue, and the patient should be instructed to
not chew or swallow for approximately 3 min,
the time it takes for the film to disintegrate.
Orthostatic blood pressure should be monitored
for approximately 60 min unless the patient
continues to have an orthostatic drop in blood
pressure. We recommend continuing the 10-mg
dose for 2–4 days and then increasing the dose
to 15 mg for 2–4 days and then keep increasing
the dose to efficacy. If the patient has nausea,
5HT3 antagonists including anti-emetics such
as ondansetron, granisetron, and dolasetron are
contraindicated.

Levodopa Inhalation Powder
The challenges with oral CD/LD include the
variability in absorption and bioavailability that
would produce reliable and consistent plasma
levodopa levels and hence brain dopamine
levels. Bypassing the GI tract, inhaled levodopa
was developed to provide a rapid and consistent
rise in plasma LD levels and in brain dopamine
levels. LD inhalation powder is formulated as
dry powder particles (diameter\5.6 lm),
highly porous for lung deposition. A single dose
requires the inhalation of the contents of two
capsules (each containing 42 mg LD) using the
supplied inhaler. Each dose supplies 84 mg LD
(equivalent to approximately 50 mg of oral LD),
and it rapidly enters the blood stream via the
pulmonary circulation [65, 66].

In a phase III study, inhaled LD provided a
mean improvement of 3.9 points compared to
placebo in the UPDRS III score 30 min after
administration [54]. A small safety study
(n = 36) was also conducted using inhaled
levodopa for early morning akinesia. LD
inhalation powder (even without additional
carbidopa) taken immediately after the first

Fig. 3 Individual plasma LD profiles after a single inhaled
dose of LD inhalation powder and after a single ingested
dose of CD/LD in patients with PD and in a fed state. In
this study, levodopa was more rapidly absorbed when
inhaled as LD inhalation powder (84 mg) than when
ingested via an oral CD/LD tablet (100 mg), with C10min

and C30min values of 522.9 and 531.5 ng/mL for LD
inhalation powder, respectively, and 247.3 and 300.9 ng/
mL for oral LD/CD. The patients’ plasma LD profiles also
had much less variability after LD inhalation powder than
after oral CD/LD ingestion (range of tmax values was
5–90 min for LD inhalation powder vs. 57–240 min for
oral CD/LD. LD inhalation powder n = 20, CD/LD
n = 17. C10min, C30min, observed concentrations at 10 and
30 min; CD carbidopa, LD levodopa, tmax time to
maximum plasma concentration. Adapted from Safirstein
et al. [87]
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morning oral CD/LD dose was well tolerated,
and the median time to ON was 25 min com-
pared to 35.5 min with placebo [67]. The most
significant adverse event occurring in about
15% of patients was cough, due to the irritant
effect of dry powder entering the lungs [54].
Other adverse effects included upper respiratory
tract infection, sputum discoloration, and nau-
sea. The use of LD inhalation powder is not
recommended in patients with concomitant
lung disease, especially asthma or chronic
obstructive pulmonary disease [59]. In clinical
practice, the first dose of inhaled LD does not
need to be given under medical supervision.
Due to throat irritation with the dry powder, we
recommend patients take some water before the
inhalation to moisten the throat and reduce the
likelihood of cough. There is no dose titration
required.

Selecting On-Demand Therapy

On-demand therapies are most useful for
patients who can identify when they are hav-
ing, or are beginning to experience, OFF. For
those patients whose symptoms are highly
variable or who have difficulties identifying
their OFF periods, it may be difficult for the
patient to know when best to take the treat-
ment. We recommend patients use on-demand
therapy at the beginning of the OFF period and
upon awakening for early morning akinesia.
Rarely, patients with severe motor OFFs or tre-
mor may find it difficult to use these on-de-
mand therapies. A caregiver may be required to
help in these cases. The need for medical
supervision of the initial titration of the apo-
morphine may be a barrier for some patients
[48]. Although on-demand treatments are
approved for use up to five times a day, in the
pivotal clinical trials they were used only on
average 2–2.5 times per day [54, 56]. In a recent
survey of theoretical on-demand treatment
options, people with PD (98% had OFF periods)
preferred on-demand treatments that were non-
invasive, that produced a rapid ON in 15 min,
that controlled symptoms for longer (C 2 h),
and that had no out-of-pocket costs associated
with their use [68]. In real-world settings, and

considering patient preferences and potential
adverse events, the choice of on-demand treat-
ments has to be individualized after considera-
tion and discussion with the patient.

Although there are advantages of using on-
demand therapies, there can be some drawbacks
to their use. The cost of the drug could be a
major disincentive. In addition, not every
patient can tolerate on-demand therapy. Some
patients may prefer having OFF symptoms
rather than experience the adverse effects of the
therapy, and some may not be able to recognize
the OFF periods, or might find the OFF periods
not bothersome enough to take additional
medications.

CONCLUSION

Long-term LD use is associated with OFF periods
which, as PD progresses, become more frequent
and intractable. Patients may have difficulty
describing their OFF periods, and HCPs often do
not query about them specifically. Given the
availability of new on-demand treatments (in-
jectable apomorphine, sublingual apomor-
phine, and inhaled LD), fast-acting therapies
that bypass the GI tract, it is time to reevaluate
when these therapies should be used. As they
are safe and effective for OFF periods, and due to
the marked negative impact of the OFF periods,
we need to consider using them earlier when
patients have motor fluctuations. Figure 4
shows a summary of treatments for PD that
include on-demand therapies which should
especially be considered for early-morning OFF,
delayed ON, dose failures, and for OFF periods
due to food interactions, since oral adjunctive
therapies are often not helpful in such cases.
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