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IMPORTANCE There is a critical need for careful and independent validation of reported
symptomatic efficacy and dopaminergic biomarker changes induced by nilotinib in Parkinson
disease (PD).

OBJECTIVES To assess safety and tolerability of nilotinib in participants with moderately
advanced PD. Secondary and exploratory objectives were to assess its affect on PD disability,
pharmacokinetics, cerebrospinal fluid (CSF) penetration, and biomarkers.

DESIGN, SETTING, AND PARTICIPANTS This was a 6-month, multicenter, randomized
parallel-group, double-blind, placebo-controlled trial. Recruitment was from November 20,
2017, to December 28, 2018, and follow-up ended on September 9, 2019. The study was
conducted at 25 US sites. The study approached 173 patients, of whom 48 declined,
125 were screened, and 76 who received a stable regimen of PD medications were enrolled
(39% screen failure).

INTERVENTIONS Participants were randomized 1:1:1 to placebo, 150-mg nilotinib, or
300-mg nilotinib once daily orally for 6 months, followed by 2-month off-drug evaluation.

MAIN OUTCOMES AND MEASURES The primary outcomes were safety and tolerability.
The tolerability end point was defined as the ability to complete the study while receiving
the assigned dose. An active arm was considered tolerable if the percentage of participants
meeting the tolerability end point for that group was not significantly lower than the
percentage observed in the placebo group. Secondary outcomes included change in PD
disability (Movement Disorder Society Unified Parkinson’s Disease Rating Scale
[MDS-UPDRS], Part II OFF/ON). Exploratory outcomes included serum and CSF
pharmacokinetic profile, and CSF dopaminergic biomarkers.

RESULTS At baseline, mean (SD) participants’ age was 64.6 (7.5) years, 52 were male (68%),
mean (SD) disease duration was 9.9 years (4.7), MDS-UPDRS Part 1-3 OFF score was 66.4
(19.3), ON score was 48.4 (16.2), and Montreal Cognitive Assessment score was 27.1 (2.2).
The number of participants who completed the study receiving the assigned dose were 21
(84%), 19 (76%), and 20 (77%) in the placebo, 150-mg, and 300-mg arms, respectively. Both
active doses had acceptable safety profile. The most common reasons for drug suspension
were asymptomatic, dose-dependent elevations of amylase, and/or lipase. Nilotinib, 150 mg
and 300 mg, exhibited worse MDS-UPDRS-3 ON scores compared with placebo, achieving
significance for nilotinib, 300 mg, at month 1 (P < .01). There was no difference in the change
of MDS-UPDRS-3 OFF from baseline to 6 months between groups (P = .17). Cerebrospinal
fluid/serum ratio of nilotinib concentration was 0.2% to 0.3%. There was no evidence of
treatment-related alteration of dopamine metabolites in the CSF.

CONCLUSIONS AND RELEVANCE While we demonstrated acceptable safety and tolerability of
nilotinib in our cohort, the low CSF exposure and lack of biomarkers effect combined with the
efficacy data trending in the negative direction indicate that nilotinib should not be further
tested in PD.
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P arkinson disease (PD) is the second most common neu-
rodegenerative disease, affecting 1% of the population
older than 65 years.1 Slowing PD progression remains a

major unmet need.2 Nilotinib, an approved therapy for chronic
myeloid leukemia, works predominantly via BCR-Abelson ty-
rosine kinase (c-Abl) inhibition. It is neuroprotective in animal
models of PD,3-5 leading to an interest in its development to slow
PD progression. However, nilotinib has safety and tolerability
liability.6 At the time of the study launch, the clinical experi-
ence with nilotinib in PD was limited to a small study,7 warrant-
ing further careful investigation. Since then, results of a phase
2 study,8 undertaken by the same group, were reported in 2020
where nilotinib showed acceptable safety and tolerability in
moderately advanced PD and favorable changes in explor-
atory biomarkers of PD pathophysiology without significant ef-
fects on clinical outcomes. The primary objective of this mul-
ticenter study was to assess safety and tolerability of nilotinib
in participants, with moderately advanced PD with secondary
and exploratory outcomes, respectively, of effect on PD disabil-
ity, pharmacokinetics, and biomarkers’ assessment.

Methods
Trial Design
This was a 6-month, multicenter, randomized parallel-group,
double-blind, placebo-controlled trial. Detailed trial design and
schedule of activities are outlined in the trial protocol in Supple-
ment 1. Briefly, participants underwent a screening visit that in-
cluded clinical assessments, safety laboratory testing, electro-
cardiogram (ECG), and a lumbar puncture (LP) before being
randomized in 1:1:1 allocation to 150 mg or 300 mg of nilotinib
or matching placebo once daily. Following randomization, in-
clinic visits occurred on days 7, 14, and then monthly, with ad-
ditional safety visits if necessary. Safety was monitored by stan-
dard laboratory tests and ECG at all visits. Final assessments
were conducted at 6 months followed by off-drug safety as-
sessments at months 7 and 8. Temporary study drug suspen-
sions and rechallenges were allowed based on tolerability and/or
prespecified changes in the laboratory parameters or ECG. Par-
ticipants who permanently discontinued study drug were ter-
minated from the study. A second LP was required at month 3
with an optional LP at 1 month off the study drug. Recruitment
occurred between November 2017 and December 2018; the
last participant completed the study in September 2019. The
protocol was approved by the ethics committee at each partici-
pating site and the clinical coordination center (University of
Rochester). All participants provided written informed con-
sent. The trial was conducted in accordance with the Prin-
ciples of the Declaration of Helsinki and Good Clinical Practice
Guidelines. An independent data safety monitoring board re-
viewed blinded and unblinded data on regular basis. The au-
thors attest to compliance with the protocol, accuracy, and
completeness of the data and analyses.

Setting and Participants
Participants were recruited from 25 US Parkinson study group
sites. Eligibility criteria included a diagnosis of PD for more than

5 years using established diagnostic criteria,9 age 40 to 79 years,
Hoehn and Yahr stage 2.5 or 3 in the medications’ on-state,10

and stable regimen of PD medications that had to include le-
vodopa. Use of monoamine oxidase B (MAO-B) inhibitors was
initially exclusionary but subsequently allowed to reduce
screen failures, provided that a stable dose had been reached
60 days prior to enrollment. Participants were excluded if they
had a diagnosis of atypical parkinsonism, clinically signifi-
cant depression, history of cardiovascular conditions, liver
or pancreatic disease, presence of laboratory or ECG abnor-
malities, presence of dementia, a Montreal Cognitive Assess-
ment score less than 21, or any other conditions or concomi-
tant medications associated with increased risk of use of
nilotinib as per package insert.6

Randomization and Interventions
Nilotinib, 150 mg, and matching placebo were provided by the
drug manufacturer, Novartis in-kind. University of Rochester
Clinical Materials Services Unit delivered study drug kits to
the participating sites according to the randomization assign-
ments performed by the Biostatistics Coordinating Center
(University of Iowa) using random permuted blocks of sizes 3
and 6. All participants started with 1 capsule daily (150 mg or
matching placebo), with dose escalated after 2 weeks to 2 cap-
sules daily per randomization assignment.

Outcomes
The primary outcomes were safety and tolerability of 2 doses
of nilotinib vs placebo. The tolerability end point was defined
as the percentage of participants who completed the study tak-
ing their assigned dose across the 3 study arms, regardless of
temporary drug interruptions. A treatment arm was deemed
“tolerable” if the percentage of participants meeting the tol-
erability end point in that arm was not significantly lower than
the percentage observed in the placebo arm. For the power
calculations, tolerability threshold was set at 30% less than pla-
cebo for each active arm with an assumption that the placebo

Key Points
Question Do the safety, tolerability, exploratory clinical outcomes,
brain penetration, and biomarker profile of nilotinib in aggregate
support its development for treatment of Parkinson disease (PD)?

Findings In this 6-month, multicenter, randomized
placebo-controlled clinical trial of 76 participants with moderately
advanced PD, nilotinib at 150-mg and 300-mg daily doses met
prespecified safety and tolerability criteria. There was no evidence
of symptomatic benefit of nilotinib on any measures of PD
disability and there was trend toward worsening in the motor
function in active treatment arms; in the cerebrospinal fluid,
nilotinib level was less than 0.3% of that in the serum and failed to
change dopamine metabolites levels.

Meaning While nilotinib demonstrated acceptable safety and
tolerability in this cohort, the low cerebrospinal fluid exposure,
lack of biomarkers effects, and efficacy data trending in the
negative direction indicate that further testing of nilotinib in
treatment of Parkinson disease is not warranted.
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group will have 90% tolerability. Safety was assessed by ex-
amining the frequency of treatment-related serious adverse
events (SAEs) between groups. Adverse events were col-
lected at every visit and rated by the investigator on severity
and causality. An independent medical monitor reviewed
all SAEs and made adjudications on causality, severity, and
expectedness.

A key secondary objective was to conduct a futility analy-
sis within each treatment group by comparing the observed
change in the Movement Disorder Society Unified Parkin-
son’s Disease Rating Scale (MDS-UPDRS)11 Part III score in the
PD medications on-state between baseline and month 6 with
the one previously reported.7 Other secondary objectives of
the study were to (1) establish the degree of symptomatic ef-
fect of nilotinib as measured by change in MDS-UPDRS Part III
on-state between baseline and 1 month, 6 months, and 30 days
off–study drug and (2) to explore the effect of nilotinib on
progression of PD disability as measured by change in the
MDS-UPDRS Part III score in the defined medications’ off-
state between baseline and 6 months. Other clinical explor-
atory outcomes prespecified in the statistical analysis plan
(Supplement 2) were changes in disability, quality of life, and
functional status from baseline to 6 months.

Biospecimen Collection for Exploratory Pharmacokinetics
and Biomarker Analyses
At 3 months, predose trough and postdose maximum concen-
tration samples of serum and CSF were collected approxi-
mately 2 hours following an in-clinic dose (reported Tmax

of approximately 2-3 hours).12,13 See the eMethods in
Supplement 3 for details of analytical methods and results.
Additional blood, serum, plasma, DNA, and CSF samples were
stored for future exploratory research.

Statistical Methods
Tolerability and safety were assessed by comparing the pro-
portion of study participants who met the definition of toler-
ability or any treatment-related SAE in the placebo group vs
each of the treatment groups, with a 1-sided Fisher exact test
using a significance level of .05. Further comparisons exam-
ined types of AEs, SAEs, dose suspensions, and study drug dis-
continuations across the 3 groups. We also examined a more
stringent definition of tolerability, requiring participants to
complete the study while receiving their assigned treatment
with no temporary dose suspensions during the study.

Linear mixed models were used to compare other second-
ary and exploratory objectives. The key secondary objective
involved a single group hypothesis within each PD group to as-
sess “futility” for replicating the observed difference in the prior
study that observed a difference of 7.0 in the UPDRS score.7

Because we used the MDS-UPDRS, we included a correction
factor of 1.4 as specified in Goetz et al.14 We conducted a
futility test within each nilotinib dose group based on a null
hypothesis that the observed difference was greater than a 9.8-
unit reduction on the MDS-UPDRS Part III ON score (7.0 × 1.4)
vs an alternative that the reduction was less than 9.8 units. For
other comparisons, a global 2-df test was used to test for any
differences among the 3 groups. If the global test was signifi-

cant, stepdown pairwise comparisons were used to further ex-
plore any observed differences. Similar nonlinear mixed mod-
els were used to assess the exploratory clinical outcomes.
Pharmacokinetic and biomarker results were summarized
by nilotinib dose level using geometric means and 95% con-
fidence intervals. Association between CSF nilotinib concen-
trations and dopamine turnover indices WAS assessed by
Spearman correlation.

Sample Size
We assumed that at least 90% of participants taking placebo
would meet the study definition of tolerability and power
the study to detect an absolute decrease of 30% or greater in
tolerability for active treatment arms vs placebo. Hence, the
sample size was chosen to provide sufficient power to com-
pare an expected 90% vs 60% or lower tolerability rate in the
placebo vs each of the treatment groups. Under these assump-
tions, 75 total participants provided at least 80% power at the
1-sided .05 significance level.

Results
Participants
Of 125 screened participants, 76 were enrolled and random-
ized (Figure 1). The major reasons for exclusion were comor-
bid conditions (n = 12), ECG abnormalities (n = 10), cardiovas-
cular conditions (n = 7), and low Hoehn and Yahr stage (n = 7).
Baseline characteristics of the enrolled cohort are detailed in
Table 1. The groups were generally well balanced. Both doses
of nilotinib were tolerable, with 21 (84%), 19 (76%), and 20 par-
ticipants (77%) completing the study receiving the assigned
dose, respectively, for the placebo and 150-mg and 300-mg
nilotinib groups (P = .36 and P = .39 for nilotinib, 150 mg and
300 mg, respectively, vs placebo) (Table 2). However, there
were more premature withdrawals owing to AEs in the nilo-
tinib, 300 mg, group (Table 2). Of the 8 premature withdraw-
als, 1 was in the placebo arm (tremor); 2 in the nilotinib, 150
mg, arm (anxiety and increase in lipase); and 5 in the nilo-
tinib, 300 mg, arm (increase in lipase in 2, arthritis, arrhyth-
mia, and an abnormal ECG). The latter was present at screen-
ing but was not identified until randomization and therefore
was not considered treatment related.

There were 16 drug suspensions in 14 participants, 10 of
whom resumed the study drug (Table 2). The most common
reasons for dose reduction or temporary suspension were in-
creases in lipase and/or amylase, although with no signifi-
cant imbalance between nilotinib groups and no associated
clinical symptoms. There were more instances of AEs for el-
evation of lipase and amylases in the active treatment arms vs
placebo, but the differences were not significant and none of
these were symptomatic. Dose reduction/suspension and
rechallenges were done based on the protocol prespecified
laboratory and other safety parameters (see the trial protocol
in Supplement 1) as advised by the clinical monitor who was
blinded to the group assignment. There were no differences
between groups when examined for a more stringent defini-
tion of tolerability requiring no dose suspensions (Table 2).
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There was no difference in the numbers of SAEs between the
groups: 2 in the placebo group (gastroesophageal reflux and
suicidal ideations), 1 in the 150-mg group (abdominal pain), and
1 in the 300-mg group (cardiac arrhythmia). Only 1 SAE was
considered treatment related (arrhythmia in nilotinib, 300 mg,
group). Adverse events presented in the order of frequency are
listed in Table 2. The most common AE was falls, and inter-

estingly, there was significantly lower incidence of falls in the
300-mg dose group (n = 0) compared with the 150-mg dose
(n = 4) and placebo (n = 5) groups.

Secondary Outcomes
Change of MDS-UPDRS Part III in the medications on-state and
off-state are presented in Figure 2. Both analyses demon-

Figure 1. Flow of Participants in NILO-PD Study

125 Patients assessed for eligibility

25 Allocated to placebo group
25 Received allocated intervention

25 Allocated to nilotinib, 150 mg, group
25 Received allocated intervention

26 Allocated to nilotinib, 300 mg, group
26 Received allocated intervention

1 Discontinued intervention because
of adverse events

25 Included in analysis

2 Discontinued intervention because
of adverse events

25 Included in analysis

5 Discontinued intervention
4 Had an adverse event
1 Had an ineligible ECG at enrollment

26 Included in analysis

76 Randomized

49 Excluded
42 Did not meet inclusion criteria
7 Declined to participate

ECG indicates electrocardiogram.

Table 1. Baseline Demographics and Disease Characteristics

Measure

Mean (SD)
Placebo
(n = 25)

Nilotinib, 150 mg
(n = 25)

Nilotinib, 300 mg
(n = 26)

Age, y 65.5 (6.8) 61.2 (7.4) 66.9 (7.3)

Male, No. (%) 16 (64) 15 (60) 21 (81)

White race, No. (%) 24 (96) 23 (92) 25 (96)

Non-Hispanic ethnicity, No. (%) 24 (96) 25 (100) 25 (96)

Disease duration, y 9.4 (4.9) 8.5 (3.2) 11.7 (5.2)

Age at diagnosis, y 56.2 (6.8) 52.7 (7.6) 55.2 (9.3)

MDS-UPDRS

Total OFF score 63.8 (21.3) 65.0 (16.0) 70.2 (20.2)

Total ON score 46.2 (17.8) 46.9 (15.1) 51.8 (15.7)

H/Y stage, No. (%)

0-2 4 (16) 5 (20) 1 (4)

3 21 (84) 20 (80) 25 (96)

Levodopa equivalent daily dose 1066.5 (519.7) 971.8 (251.4) 1012.5 (390.5)

Class of symptomatic therapy, MAOB
inhibitors, No. (%)

11 (44) 8 (32) 12 (46)

MoCA scorea 26.9 (2.4) 27.4 (1.9) 27.0 (2.4)

Mattis Dementia Rating Scale 138.1 (5.7) 137.8 (7.8) 137.7 (6.3)

BDI II score 6.6 (4.9) 7.3 (5.4) 6.6 (4.3)

PDSS 106.6 (21.8) 115.3 (11.6) 103.2 (18.6)

Modified SE/ADL

Off 73.2 (16.5) 77.3 (17.8) 77.0 (14.9)

On 86.8 (8.6) 92.2 (5.8) 87.0 (17.9)

PDQ-39 total score 19.0 (12.7) 18.9 (9.4) 18.4 (10.2)

EQ-5D

Summary index 0.8 (0.1) 0.8 (0.1) 0.8 (0.2)

Health score 70.6 (25.1) 71.5 (23.3) 76.0 (15.9)

Abbreviations: BDI, Beck Depression
Inventory; EQ-5D, EuroQol 5
Dimensions; H/Y, Hoehn and Yahr;
MDS-UPDRS, Movement Disorder
Society Unified Parkinson’ Disease
Rating Scale; MAOB, monoamine
oxidase type B; MoCA, Montreal
Cognitive Assessment;
PDQ-39, Parkinson’s Disease
Questionnaire Quality of Life scale;
PDSS, Parkinson Disease Sleep Scale;
SE/ADL, Modified Schwab and
England Activities of Daily Living.
a MoCA Score is education-adjusted.
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strate “futility” from the previously observed large sympto-
matic effect7 (Figure 2). The analysis demonstrated not only fu-
tility but actually a trend toward worsening in the active
treatment arms. Nilotinib, 150 mg and 300 mg, exhibited worse
motor scores in the medication on-state compared with pla-
cebo, achieving significance for nilotinib, 300 mg, at month 1
(Figure 2) but not at other points. There was no significant dif-
ference between the groups in the change of MDS-UPDRS Part
III in the medications off-state between baseline and month 6
(Figure 2). No significant differences were observed for any other
exploratory clinical outcomes (eTable 1 in Supplement 3).

Exploratory Pharmacokinetic and Biomarker Outcomes
Nilotinib serum and CSF concentrations at month 3 are pre-
sented in eTable 2 in Supplement 3. Total serum concentra-
tions were within the range of previously reported values.12

Nilotinib CSF concentrations were 0.19% and 0.26% of those
in the serum for the 150-mg and 300-mg doses, respectively.
The absolute concentrations observed at approximately T maxi-
mum were only 8% to 13% of the reported cellular half-
maximal inhibitory concentration of 20nM (11 ng/mL) for
inhibition of c-Abl by nilotinib.13

Three-month nilotinib treatment did not alter CSF levels of
dopamine or its metabolites measured in samples collected at
approximate T maximum mean (SD) of 2 (0.5) hours after re-
ceiving a dose (Figure 3A-C). Results remained the same even
after excluding participants receiving concurrent MAO-B treat-
ment (eTable 3 in Supplement 3). Furthermore, there was no cor-
relation between CSF nilotinib levels and levels of dopamine
metabolites or their ratios with dopamine (Figure 3D and E).

Discussion
In line with data published in 2020 by Pagan et al,8 our study
demonstrates acceptable safety and tolerability of both tested
doses of nilotinib in participants with moderately advanced
PD. However, similar to the Pagan et al8 cohort, it has to be high-
lighted that these tolerability outcomes apply to participants
selected based on stringent inclusion/exclusion criteria and are
not generalizable to the PD population at large because the
study excluded participants with comorbid conditions that in-
crease the likelihood of nilotinib-related AEs. As such, the study
had higher than usual screen failure rate of 39%, which was

Table 2. Safety and Tolerability Outcomes

Variable

No. (%)

Placebo
(n = 25)

Nilotinib, 150 mg
(n = 25)

Nilotinib, 300 mg
(n = 26)

Primary tolerability

Tolerability 21 (84) 19 (76) 20 (77)

Primary safety

Treatment-related serious adverse events 0 0 1 (4)

Other safety and tolerability

Any adverse event 22 (88) 23 (92) 23 (88)

Any serious adverse event 2 (8) 1 (4) 1 (4)

Dose suspensionsa 3 (12) 6 (24) 5 (19)

Study drug discontinuationsb 1 (4) 2 (8) 5 (19)

Tolerability with no dose suspensions 20 (80) 18 (72) 17 (65)

Serious adverse events

Arrhythmia 0 0 1 (4)

Abdominal pain 1 (4) 0 0

Gastroesophageal reflux disease 1 (4) 0 0

Suicidal ideation 0 1 (4) 0

Adverse events reported by more than 10%
in any group

Fallc 5 (20) 4 (16) 0

Lipase increased 4 (16) 7 (28) 6 (23)

Amylase increased 2 (8) 4 (16) 4 (15)

Nasopharyngitis 5 (20) 2 (8) 2 (8)

Fatigue 4 (16) 4 (16) 0

Nausea 0 2 (8) 4 (15)

Headache 2 (8) 1 (4) 3 (12)

Dizziness 1 (4) 4 (16) 0

Gastroesophageal reflux disease 4 (16) 0 0

Anxiety 0 3 (12) 1 (4)

Myalgia 3 (12) 0 0

Skin abrasion 3 (12) 0 0

a All dose suspensions are owing
to adverse events. Values are
presented as number of participants
experiencing the event at least
once (%).

b All drug discontinuations are owing
to adverse events, except for one in
the nilotinib, 300 mg, group, which
was owing to ineligibility.

c Indicates significant group
differences (P < .05).

Research Original Investigation Nilotinib in Patients With Moderately Advanced Parkinson Disease

316 JAMA Neurology March 2021 Volume 78, Number 3 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.4725?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.4725
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.4725?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.4725
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.4725?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.4725
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.4725


also seen in Pagan et al study at 25%.8 In addition, while not
significant, there was a trend for a higher rate of drug suspen-
sions and discontinuations in the nilotinib arms vs placebo. We
did not observe a significant difference in AEs between the
active and placebo groups. Nilotinib has a black box warning
regarding increased risk of ventricular arrhythmia. While the
only SAE of cardiac arrhythmia did occur in nilotinib 300-mg
group, that event was a new-onset atrial fibrillation that oc-
curred within 24 hours from the first study drug administra-
tion. So while classified as possibly treatment related, causal-
ity remains to be determined and might be less relevant to the
mechanism of potential cardiac toxicity of the drug. We did not
observe any negative effects on hematologic parameters likely
owing to the fact that we excluded any participants with un-
derlying hematologic risk factors and used lower nilotinib doses
compared to ones used for leukemia. While AEs were com-
mon, most were related to asymptomatic elevation of liver and
pancreatic enzymes which are expected based on nilotinib
mechanism of action. Similar to Pagan et al,8 falls were the most
common AE. However, in our study, the placebo arm had a sig-
nificantly higher incidence compared with active arms, point-
ing to disease heterogeneity rather than drug effect.

In regard to the secondary efficacy analysis, we did not ob-
serve any positive effect of either dose of nilotinib on PD dis-
ability and as such failed to reproduce the previously re-
ported symptomatic effect on motor and cognitive function
in an open-label study.7 We also did not observe sympto-
matic benefit of either dose of nilotinib on overall PD disabil-
ity (MDS-UPDRS total, OFF and ON scores, severity of motor
complications [MDS-UPDRS Part IV], cognition, sleep, or qual-
ity of life). On the contrary, motor scores were generally worse
for both nilotinib groups compared with placebo, achieving
significance for nilotinib, 300 mg, at month 1 in the medica-
tion’s on-state. Our results regarding safety, tolerability, and
lack of the symptomatic effect of nilotinib are in line with the
study by Pagan et al.8 In aggregate, results of both studies high-
light limitations of open-label studies of symptomatic effects
in PD.

The major goal of this study was to inform whether the re-
sults justified further testing of nilotinib in PD. Our prespeci-
fied “go/no-go” criteria included a constellation of the safety/
tolerability, which if not met would trigger an absolute no-go.
With acceptable safety and tolerability, a go decision re-
quired considerations of secondary and exploratory out-

Figure 2. Movement Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) Part III ON and OFF Scores Over Time
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comes. The assessment of the pharmacokinetic profile of ni-
lotinib and associated biomarker changes, while exploratory,
is critical for interpretation of study results, especially be-
cause at the launch of this study there were limited data on
the CSF penetration of the drug.7 The observed serum and CSF
concentrations show the CSF to serum ratio of 0.19% to 0.26%,
in line with the report in a similar PD cohort8 as well as previ-
ous PK studies.12 Importantly, the CSF concentration is one-
tenth of the reported cellular potency of nilotinib for c-Abl
inhibition,13 indicating that at doses within the safe therapeu-
tic range, there would be minimal c-Abl inhibition in the brain
that was reported previously.7 We failed to replicate the pre-
viously reported c-Abl inhibition in the CSF7 using the iden-
tical assay because neither c-Abl nor its phosphorylated form
were detectable in the CSF. The low brain penetration of nilo-
tinib in this study is consistent with the CSF and brain PK pro-

file in our dog study (eAppendix in Supplement 3), where we
could not observe brain c-Abl inhibition despite somewhat
higher concentrations of nilotinib in the CSF. Whether nilo-
tinib could exert pharmacologic effects through other mecha-
nisms remains to be seen.

As a measure of downstream and reported functional ef-
fects of nilotinib on dopaminergic neurons, we measured dopa-
mine, dopamine metabolites, and additional monoamines
in the CSF. Unlike previous reports,7,8,15 we did not observe
a change in any biomarker, nor a correlation between CSF ni-
lotinib exposure and dopamine, dopamine metabolites, or
dopamine turnover. Because concurrent treatment with PD
dopaminergic therapies, especially MAO-B inhibitors, can affect
dopamine metabolites16 and thereby confound the results, our
analysis controlled for the dose and change in the dopamin-
ergic therapy. In addition, a subgroup analysis excluding par-

Figure 3. Cerebrospinal Fluid (CSF) Levels of Dopamine, Its Metabolites, and the Relationship Between Nilotinib CSF Concentrations
and Dopamine Turnover Indices
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ticipants on MAO-B inhibitors did not change the conclusion.
This is not entirely surprising because previous reports by
Pagan et al7,8,15 show highly variable results within the cohort
as well as between studies. For example, in the open-label
study,7 CSF homovanillic acid levels increased significantly in
the 150-mg nilotinib group at 2 months but not at 6 months,
whereas in the 300-mg group, homovanillic acid levels in-
creased at 6 months only (note that 3,4-dihydroxyphenylace-
tic acid results were not included in the report). In contrast,
the 2020 double-blind, placebo-controlled study reported
significantly higher homovanillic acid levels in the CSF in
the 150-mg nilotinib group but not in the 300-mg group at
12 months.8 Similar concerns regarding interpretation of the
biomarker data were expressed in the Editorial17 that accom-
panied Pagan et al publication.

In light of the low CSF exposures and lack of effects on
dopamine metabolites, we concluded that the plausibility of
observing changes in proteinopathy biomarkers in the CSF,
such as α-synuclein, phospho-α-synuclein, or phospho-tau,
is too low to warrant additional analyses, although the bio-
specimens are available for future studies. In this regard, it
is noteworthy that Pagan et al8 suggest their observations
of nilotinib-induced increase in 3,4-dihydroxyphenylacetic
acid levels may result from a reduction in oligomeric
α-synuclein. However, they reported an increase in CSF 3,4-
dihydroxyphenylacetic acid levels after a single dose of
200-mg (but not a 150-mg or 300-mg dose) nilotinib in
the absence of effects on oligomeric α-synuclein levels in the
same group.15 Regardless, their single-dose biomarker data
and the congruency in the CSF exposures between the
2 studies indicate that our failure to detect dopamine
metabolites changes at 3 months is a reflection of the lack of
robust and reproducible effects of nilotinib on brain dopa-
minergic system at doses tested.

Strengths and Limitations
The strength of our study is the multicenter design and rigorous
implementation based on highly standardized protocols for clini-
cal outcomes, PK, and biomarker data collection and analysis.
The study has a number of limitations. First, it was conducted
in moderately advanced PD, which is not the population typically
targeted for PD disease-modifying interventions. The rationale
for selecting that stage of PD was driven by the need to test for
the large symptomatic effect reported previously7 as well as to
assess safety and tolerability in a more vulnerable PD population.
Although the study protocol included a provision to proceed
with recruitment of a de novo PD cohort if the results supported
further nilotinib development, the data in aggregate did not
support a go decision. Although the doses of nilotinib tested
here are in the lower range of approved doses, testing nilotinib
at higher doses to increase brain exposure is not advisable ow-
ing to the safety profile of nilotinib.

Conclusions
In conclusion, while we demonstrated acceptable safety and tol-
erability of nilotinib in our cohort, the low CSF exposure and lack
of biomarkers effects combined with the efficacy data trending
in the negative direction led us to conclude that nilotinib is
not suitable for further testing in PD. These results do not refute
the hypothesis that c-Abl inhibition is a potentially important
therapeutic target for PD disease-modification interventions.
Indeed, there are a number of novel molecules targeting c-Abl
pathway in development that have a better therapeutic profile.18

While results of these studies are highly anticipated, ideally,
next-generation studies will select participants based on the
demonstration of susceptibility to the targeted mechanism of
action, which will require further biomarker development.
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