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NEUROMELANIN-SENSITIVE MRI AND METHODS OF USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to, and the benefit of, U.S. Provisional Application
Nos. 63/114.304, filed on November 16, 2020, 63/120.105, filed on December 1, 2020, and
63/277.490, filed on November 9, 2021, the contents of each of which are incorporated by

reference herein 1n their entireties.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates generally to magnetic resonance 1imaging (“MRI”),
and more specifically, to exemplary embodiments of an exemplary system, method and
computer-accessible medium for a neuromelanin-sensitive MRI technique as a non-invasive

measure of neurological conditions.

BACKGROUND

[0003] Alzheimer's disease (AD) 1s one of the common forms of neurodegenerative
diseases resulting in dementia, also known as senile dementia of the Alzheimer type and
primary degenerative dementia of the Alzheimer's type, Alzheimer disease (AD). The dementia
1s a huge public health concern, with a new case diagnosed somewhere 1n the world every 7
seconds. It described by German psychiatrist and neuropathologist Alois Alzheimer 1n 1906
and named after him. There 1s no cure for the disease, which worsens as 1t progresses, and
eventually leads to death within 7 years. Less than three percent of individuals live more than
fourteen years after diagnosis. People diagnosed as having AD are usually over 65 years of age
diagnosed by standard verbal and visual memory tests, decision-making and problem-solving
tasks. In 2006, there were 26.6 million sufferers worldwide and 5 million of them 1n the USA.
Alzheimer's disease predicted to affect 1 in 85 people globally by 2050. Early symptoms often
erroneously thought to be ‘“age-related” concerns, or manifestations of stress. When AD
suspected, the diagnosis usually confirmed with tests that evaluate behavior, memory,
cognition, and thinking abilities, followed by brain scan studies.

[0004] The neurodegenerative diseases divided into two all-encompassing wide categories
of brain afflictions. The diseases are imprecisely divided into two groups: 1. Conditions

affecting memory that are ordinanly related to dementia such as Alzheimer's disease and 2.
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Conditions causing problems with movements such as Parkinson's. The most widely known
neurodegenerative diseases include Alzheimer (or Alzheimer's) disease along with 1ts precursor
mild cognitive mmpairment (MCI), Parkinson's disease (including Parkinson's disease
dementia), and multiple sclerosis and a host of others. Less well-known neurodegenerative
diseases include dozens of names in a comprehensive listing found at the web site of the
National Institute of Neurological Disorders and Stroke (NINDS) of the National Institutes of
Health (NIH) of the United States. It 1s understood that such diseases often go by more than
one name and that a nosology may oversimplify pathologies that occur in combination or that
are not archetypical or standard. Certain other disorders, such as postoperative cognitive
dysfunction; described only recently, and they too may involve neurodegeneration after
anesthesia and surgery. Other disorders such as epilepsy may not be primarily
neurodegenerative, but at a particular point in the progression of the disorder, 1t might involve
nerve degeneration.

[0005] Despite the fact that at least some aspect of the pathology of each of the
neurodegenerative diseases mentioned above 1s different, their pathologies and symptoms that
they have in common often make 1t possible to treat them with similar therapeutic agents and
methods. Hence, the methods described herein can be used with selected multiple therapeutic
agents as described, to treat the majority of these neurodegenerative diseases. Many
publications describe features that neurodegenerative diseases have in common (Dale E.
Bredesen, Rammohan V. Rao and Patrick Mehlen. Cell death in the nervous system. Nature
443 (2006): 796-802; Christian Haass. Initiation and propagation of neurodegeneration. Nature
Medicine 16 (2010): 1201-1204; Michael T. Lin and M. Flint Beal. Mitochondrial dysfunction
and oxidative stress in neurodegenerative diseases. Nature 443 (2006) 787-795).

[0000] The AD disease symptoms can include confusion, irritability, aggression, mood
swings, trouble with language, and long-term memory loss. The sufferer often withdraws from
fanuly and society. AD 1s a degenerative incurable disease that the sufferer relies on others for
assistance and care. The caregiver 1s usually one of the family members, a spouse, or close
relatives, placing a great burden on them, and 1s one of the costliest diseases to the society and
fanmuly .

[0007] The cause and progression of Alzheimer's disease 1s not well understood. Research
shows that the disease 1s associated with plaques and tangles in the brain. Current treatments
only help with the symptoms of the disease. There are no available treatments to stop or reverse
the progression of the disease. As of 2008, more than 500 clinical trials have been conducted

to find ways to treat the disease, but 1t 1s unknown 1f any of the tested treatments will work.
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Mental stimulation, exercise, NSAID intake, and a balanced diet suggested as possible ways to
delay symptoms in healthy older individuals. However, they are not proven as effective
treatments once the symptoms develop.

[0008] The course of the disease divided into four stages, with progressive patterns of
cognitive and functional impairments. 1. Pre-dementia; 2. Mild early Start of the disease; 3.
Moderate progressive deterioration; 4. Severe or advanced—the last stage in which a person 1s
completely dependent and bed ridden.

[0009] Alzheimer's disease 1s characterized by the accumulation of neurofibrillary tangles

(tau—1—protein) and neuritic plaques (amyloid ) in the brain affecting especially the

degeneration of neurons in the olfactory bulb and 1ts connected brain structures. They are
entorthinal cortex (EC), the hippocampal formation, amygdaloid nuclei, nucleus basalis of
Meynert, locus ceruleus, and the brainstem raphe nuclei all of which project to the olfactory
bulb (FIG. 14). The degenerative changes result in the loss of memory and cognitive function.
There 1s a major loss of cortical and hippocampal choline acetyltransferase activity and
degeneration of the basal forebrain cholinergic neurons. Loss of smell in Alzheimer's 1s due to
necrosis and/or apoptosis of olfactory neurons, olfactory bulbs, olfactory tracts, the pre-
pyriform cortex and the entorithinal cortex.

[0010] Etiology and Neuro-pathophysiology: The cause for most Alzheimer's cases 1s
unknown. The amyloid hypothesis postulated that amyloid beta (AP) deposits are the essential
cause of the disease. Also APOE4, the major genetic risk factor for AD, leads to excess amyloid
buildup 1n the brain before AD symptoms arise. Thus, AP} deposition precedes clinical AD.
Interestingly, an experimental vaccine found to clear the amyloid plaques in early human trials,
but 1t did not have any significant effect on dementia. Studies showed that a close relative of
the beta-amyloid protein, and not necessarily the beta-amyloid i1tself, may be a major culprit in
the disease. A 2004 study found that deposition of amyloid plaques does not correlate with
neuronal loss and memory loss. This observation supports the tau hypothesis; the theory and
proposal that tau protein abnormalities initiate the disease cascade. Eventually, they form
neurofibrillary tangles inside nerve cell bodies resulting in the microtubules' disintegration,
collapsing the neuron's transport system, causing malfunctions in biochemical communication
between neurons and later in the death of the cells. Herpes simplex virus type 1 1s proposed to
play a causative role 1n people carrying the susceptible versions of the ApoE gene. Another
hypothesis asserts demyelination 1n the aged leads to axonal transport disruptions, leading to
loss of neurons. Iron released during myelin breakdown and 1ts vascular complex has been

hypothesized, and implicated as a causative factor. I do believe that the disruption of BV with
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release of iron from the hemoglobin around the myelin and neuropil, resulting in the 1ron
catalyzed hydrogen peroxide called Fenton's reaction leads to generation of reactive oxygen
species (ROS) during these demyelization episodes that can have an adverse effect on the
neurons resulting in their apoptosis resulting in Alzheimer's.

[0011] Interestingly, the AD individuals display 70% loss of locus coeruleus cells that
provide norepinephrine. Locus coeruleus cells are located 1n the pons, projects and innervate
spinal cord, the brain stem, cerebellum, hypothalamus, the thalamic relay nuclei, the amygdala,
the basal telencephalon, and the cortex. The norepinephrine from the LC has an excitatory
effect on most of the brain, mediating arousal and priming the brain's neurons activated by
stimuli. The norepinephrine from this nucleus stimulates microglia to suppress AB-induced
production of cytokines and their phagocytosis of AP suggesting degeneration of the locus
ceruleus might be responsible for increased AP deposition in AD brains initially. This nucleus
in the pons (part of the brainstem) 1s involved with physiological responses to stress and panic,
and 1s the principal site for brain synthesis of norepinephrine (noradrenalin) besides the adrenal
glands.

[0012] There 1s no absolute diagnosis for Alzheimer’s Disease to date and there 1s great
clinical need for developing a sensitive non-invasive diagnostic. Diagnosis and monitoring of
Alzheimer’s disease patients 1s critical for assessing severity of progression to respond with the
appropriate preventative care. During the onset of Alzheimer’s disease, timely intervention
could be life-saving. A comprehensive 1imaging modality for assessing Alzheimer’s disease
remains a significant unmet clinical need.

[0013] In vivo measurements of dopamine activity are used for understanding how this key
neuromodulator contributes to cognition, neurodevelopment, aging, and neuropsychiatric
disease 1n humans. In medicine, such measurements can result in objective biomarkers that
predict clinical outcomes, including Alzheimer’s disease, i1deally by using procedures that
capture the underlying pathophysiology while being easy to acquire in clinical settings. The
locus coeruleus (LC), the primary site of noradrenaline neurons in the human brain, begins to
degenerate during early stages of Alzheimer’s disease (AD) and there 1s evidence that 1t 1s the
first brain region to accumulate hyperphosphorylated tau proteins at Braak stage 0. Although
this structure 1s heavily studied in the context of AD, much remains unclear regarding the
timing of LC changes and their correlation to characteristic aspects of AD pathophysiology and
clinical features.

[0014] The central noradrenergic system plays a key role in arousal and consolidation of

emotional memory. The locus coeruleus (LC), the primary site of noradrenergic neurons in the
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brain, has a topographic pattern of projections, with the caudal extent of the LC sending
descending projections modulating autonomic signalling. Dysregulation of the noradrenergic
system has been implicated in theoretical accounts of PTSD, particularly in regard to symptoms
of hyperarousal and in major depressive disorder (MDD). Despite a strong theoretical
foundation, understanding of noradrenergic dysfunction in PTSD and MDD 1s incomplete,
impeding research into novel treatments targeting this system in PTSD. Recent work has
pioneered the use of a specialized neuroimaging technique, Neuromelanin-Sensitive MRI
(NM-MRI), a non-invasive method to probe the function of the human noradrenergic system
1n vivo by examining signal contrast in the LC. NM-MRI signal here has been positively related
to emotional memory performance and autonomic function (indexed by salivary alpha amylase
or heart rate variability) but i1t has yet to be investigated 1n individuals with PTSD. On the other
hand, low LC NM-MRI signal has been observed in major depressive disorder. We
hypothesized that hyperarousal symptoms of PTSD and MDD would be positively correlated
to NM-MRI signal in the caudal LC.

[0015] Neuromelanin ("NM”) 1s a dark pigment synthesized via iron-dependent oxidation
of cytosolic dopamine and subsequent relation with proteins and lipids in midbrain dopamine
neurons. NM pigment accumulates inside specific autophagic organelles, which contain NM-
iron complexes, along with lipids and various proteins. NM-containing organelles accumulate
oradually over the lifespan 1n the soma of dopamine neurons 1n the substantia nigra (““SN™) a
nucleus that owes 1ts name to 1ts dark appearance due to the high concentration of NM, and are
only cleared from tissue following cell death through the action of microglia. Given that NM-
1iron complexes are paramagnetic, they can be imaged using MRI. A family of MRI sequences
known as NM-MRI captures groups of neurons with high NM content, such as those in the SN,
as hyperintense regions.

[0016] Thus, 1t would be beneficial to provide a system, process, method and
computer-accessible medium for neuromelanin-sensitive MRI which can overcome the
deficiencies described above. Different neurological and psychiatric diseases have been
assoclated with neuromelanin changes 1n two main regions, the substantia nigra pars compacta
(SNc) and the locus coeruleus (LC). Differentiating between different disorders with similar
clinical presentations solely based on presenting symptoms 1s difficult because the symptoms
often overlap between related conditions.

[0017] There are currently no FDA cleared software as medical devices for the

measurement of NM 1n the SN or LC.
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[0018] The unmet medical need addressed here 1s the ability to differentiate between
related disorders such as Parkinson’s disease, multiple system atrophy, and progressive
supranuclear palsy as well as different dementias such as Alzheimer’s disease and dementia
with Lewy bodies. The increase 1n ability to differentiate between related disorders will drive

improved patient outcomes.

SUMMARY

[0019] Provided herein are, inter alia, methods for determining the presence of
Alzheimer’s disease in a subject and determining the change 1n the concentration of
neuromelanin in the subject with time. The concentration of neuromelanin may change as the
result of the regular course of Alzheimer’s disease or as a result of therapeutic intervention. In
a first aspect, there 1s provided a method of determining whether a change 1n the concentration
of neuromelanin occurs over time 1n the brain of a subject. In a preferred embodiment, the
subject 1s an Alzheimer’s disease patient. The method includes obtaining a first neuromelanin
magnetic resonance 1mage of the subject at a first time point. Subsequently a second
neuromelanin magnetic resonance image 1s obtained at a second time point. The first magnetic
resonance 1mage 1s compared to the second magnetic resonance 1mage, thereby determining
whether a change 1n the concentration of neuromelanin occurred between the first time point
and the second time point.

[0020] The present disclosure describes the combined use of two fully automated
algorithms to measure neuromelanin (NM) concentrations and volumes 1n two different brain
regions (the SNc and the LC) to improve the ability to differentiate between related disorders.
The voxel-based analysis algorithm (previously described in WO 2020/077098 and WO
2021/034770, the entire contents of each of which are incorporated herein by reference) 1s used
to measure NM 1n the SNc. However, since the LC 1s much smaller, and may not be as well
suited to voxel-based analysis on a 3T MRI (the most commonly available scanners in the
clinic) a new algorithm was invented at University of Ottawa to measure NM 1n the LC. This
LC algorithm 1s termed the segmented based analysis algorithm. This disclosure describes the
combination of the two algorithms together 1n a software package that can be used to aid in the
diagnosis and differentiation of neuropsychiatric disorders that are difficult to differentiate
between based on symptoms alone.

[0021] In the present disclosure, the software uses two algorithms. The voxel-based
analysis algorithm 1s used to measure NM 1n the SNc¢ and the segmented based analysis

algorithm 1s used to measure NM changes 1n the LC. The software reports the NM levels and
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volumes 1n both brain regions to the physician. The combination of these two algorithms
together increases the ability to differentiate between related neurological conditions. Their
inclusion 1n a fully automated software allows the potential for their widespread use in the
clinic.
[0022] In one embodiment, the present disclosure 1s directed to a method of diagnosing,
Alzheimer’s disease 1n a subject comprising:

(1) performing a Neuromelanin-Magnetic Resonance Imaging (NM-MRI) scan,
measuring a level of neuromelanin,

(11) comparing the level of neuromelanin to previous scans and/or reference values,
and

(1)  providing a diagnosis of Alzheimer’s disease.
[0023] In one embodiment, the present disclosure 1s directed to a method of monitoring
progression of Alzheimer’s disease in a subject comprising:

(1) performing a Neuromelanin-Magnetic Resonance Imaging (NM-MRI) scan,
measuring a level of neuromelanin,

(1)  comparing the level of neuromelanin to previous scans and/or reference values,
and

(111) determining the progression of Alzheimer’s disease.
[0024] In one embodiment, the present disclosure 1s directed to a method of providing a
prognosis of Alzheimer’s disease 1n a subject comprising:

(1) performing a Neuromelanin-Magnetic Resonance Imaging (NM-MRI) scan,
measuring a level of neuromelanin,

(1)  comparing the level of neuromelanin to previous scans and/or reference values,
and

(111) optionally providing a prognosis of Alzheimer’s disease.
[0025] In one embodiment, the present disclosure 1s directed to a method of monitoring
treatment of Alzheimer’s disease 1n a subject comprising:

(1) performing a Neuromelanin-Magnetic Resonance Imaging (NM-MRI) scan,
measuring a level of neuromelanin,

(11) comparing the level of neuromelanin to previous scans and/or reference values,
and

(111)  assessing the effect of treatment of Alzheimer’s disease.
[0026] In one embodiment, the present disclosure 1s directed to determining a first signal

intensity from a first neuromelanin magnetic resonance image and determining a second signal
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intensity from a second neuromelanin magnetic resonance 1mage, and comparing the first
magnetic resonance 1mage to said second magnetic resonance 1mage comprises comparing the
first signal intensity to the second signal intensity.
[0027] In one embodiment, the control 1s a level of neuromelanin present at approximately
the same levels 1n a population of subjects, or said standard control 1s approximately the
average level of neuromelanin present in a population of subjects.
[0028] In one embodiment, a neuromelanin gradient phantom 1s used to measure the level,
signal and/or concentration of neuromelanin.
[0029] In one embodiment, a neuromelanin phantom concentration gradient 1s scanned
about once per patient, about once an hour, about once a day, about once a week, or about once
a month.
[0030] In one embodiment, the neuromelanin phantom gradient 1s scanned daily.
[0031] In one embodiment, the neuromelanin phantom gradient 1s scanned with each
patient.
[0032] In one embodiment, the present disclosure 1s directed to a method of assessing the
neuromelanin in a subject comprising:
performing an Neuromelanin-Magnetic Resonance Imaging (NM-MRI) scan on the
subject;
acquiring a neuromelanin dataset from the NM-MRI scan;
optionally encrypting the neuromelanin dataset:;
uploading the neuromelanin dataset to a remote server:;
optionally decrypting the dataset;
performing an analysis of the neuromelanin dataset, wherein the analysis comprises one or
more of:
(1) comparing the neuromelanin dataset with one or more previously
acquired neuromelanin datasets from the said subject
(1)  comparing the neuromelanin dataset with a control dataset;
(1) comparing the neuromelanin dataset with one or more previously
acquired neuromelanin datasets from different subjects:
generating a report comprising the neuromelanin analysis;
optionally encrypting the report;
uploading the report to remote server:;

optionally decrypting the report.
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[0033] In one embodiment, the disclosure 1s directed to an in vivo method of determining
the progression of Alzheimer’s disease over time 1n a subject, said method comprising:

(1) obtaining a first neuromelanin magnetic resonance 1image at a first time point;

(1)  after step (1) comparing the first neuromelanin magnetic resonance image to an
age matched control;

(111) determining the level, signal and/or concentration of neuromelanin occurred
between said first time point and said second time point.

[0034] In one embodiment, the disclosure 1s directed to an in vivo method of diagnosing
Alzheimer’s disease, said method comprising:

(1) obtaining a first neuromelanin magnetic resonance 1image at a first time point;

(11) after step (1), obtaining a second neuromelanin magnetic resonance 1mage at a
second time point;

(111) comparing the first neuromelanin magnetic resonance 1mage to said second
neuromelanin magnetic resonance image thereby determining whether a change 1in one or more
of the level, signal or concentration of neuromelanin occurred between said first time point and
said second time point.

[0035] In one embodiment, the disclosure 1s directed to a method of providing a treatment
regimen to a patient comprising performing the NM-MRI scan, acquiring NM signal {from the
NM-MRI scan 1n a region of interest, comparing the NM signal from the NM-MRI scan 1n a
region of interest data to age matched database numbers, 1f the NM signal 1s less than a pre-
determined value, administering a corresponding treatment regimen.

[0036] In one embodiment, the subject displays symptoms of Alzheimer’s disease.

[0037] In one embodiment the patient suffers from a disorder commonly misdiagnosed as
Alzheimer’s disease.

[0038] In one embodiment, the NM-MRI scan and analysis distinguishes between
Alzheimer’s disease and Parkinson’s disease. In one embodiment, the NM-MRI scan and
analysis distinguishes between and can separately 1dentify related disorders (e.g. dementia with
Lewy Bodies). In one embodiment, the NM-MRI scan and analysis can monitor the progression
of, monitor the treatment of, and provide a prognosis for disorders related to Alzheimer’s
disease.

[0039] In one embodiment, the present disclosure 1s directed to a method of determining 1f
a subject has or 1s at risk of developing Alzheimer’s disease, the method comprising analyzing
one or more Neuromelanin-Magnetic Resonance Imaging (NM-MRI) scans of the subject’s

brain region of interest, wherein the analyzing comprises:
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recerving imaging information of the brain region of interest; and

determining a NM concentration 1n the brain region of interest using segmented
analysis based on the imaging information;

wherein the determining 1f a subject has or 1s at risk of developing Alzheimer’s disease
comprises:

(1) 1f the one or more NM-MRI scans has a decreased NM signal compared to a one or
more control scans without Alzheimer’s disease then the subject has or 1s at risk of developing
Alzheimer’s disease; or

(2) 1f the one or more NM-MRI scans has a NM signal comparable to the signal of a

one or more control scans without Alzheimer’s disease then the subject does not have or 1s not
at risk of developing Alzheimer’s disease.
[0040] In one embodiment, the present disclosure 1s directed to a method of treating a
subject with Alzheimer’s disease, the method comprising analyzing Neuromelanin-Magnetic
Resonance Imaging (NM-MRI) scans of the subject’s brain region of interest, wherein the
analyzing comprises:

recerving imaging information of the brain region of interest at a first time point;

recerving 1imaging information of the brain region of interest at a second time point;

determining a NM concentration at the first and second time points in the brain region
of interest using segmented analysis based on the imaging information; and

comparing the NM concentration at the first time point to the second time point,

wherein the treatment method further comprises:

(1) administering one or more of levodopa and carbidopa if the NM-MRI scan at the
second time point has a decreased NM signal compared to the NM signal at the first time point;
or

(2) withhold administering one or more of levodopa and carbidopa 1f the NM-MRI scan
at the second time point has an increased NM signal compared to the NM signal at the first
time point.

[0041] In one embodiment, the subject exhibits one or more symptom of
Alzheimer’s disease.

[0042] In one embodiment, the method provides a diagnosis of Alzheimer’s disease before
symptoms present clinically.

[0043] In one embodiment, the NM-MRI method distinguishes between Alzheimer’s

disease and Parkinson’s disease.
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[0044] In one embodiment, the NM-MRI method diagnoses the patient as having
Alzheimer’s disease or as not having Alzheimer’s disease; and indicates the diagnosis to a user
via a user interface.
[0045] In one embodiment, the analysis 1s a segmented analysis.
[0046] In one embodiment, the segmented analysis comprises determining at least one
topographical pattern within the brain region of interest.
[0047] In one embodiment, the method further comprises a calculation using a value that
represents a volume of a neuromelanin voxel or segment.
[0048] In one embodiment, the segmented region of interest 1s the locus coeruleus.
[0049] In one embodiment, the disclosure 1s directed to a diagnostic system for
providing diagnostic information for Alzheimer’s disease, the diagnostic system comprising:

an MRI system configured to generate and acquire a neuromelanin sensitive MRI scan
along with a neuromelanin data series for a voxel or segment located within a region of interest
1n a subject’s brain;

a signal processor configured to process the series of neuromelanin data to produce a
processed neuromelanin MRI spectrum; and

a diagnostic processor configured to process the processed neuromelanin MRI
spectrum to:

extract a measurement from the region of interest corresponding with neuromelanin at
a time point,

compare the measurement to one or more control measurements acquired prior to the
time point;

provide a diagnosis of Alzheimer’s disease i1f the measurement 1s more than about 25%
less than the control measurement.
[0050] In one aspect, the present disclosure 1s directed to a method for determining whether
brain tissue 1n a subject contains an abnormal level of neuromelanin. The method includes
detecting a level neuromelanin 1n the tissue. The level of neuromelanin 1s compared to a
standard control. If a lower level of neuromelanin 1s detected relative to the standard control,
this indicates Alzheimer’s disease.
[0051] In one embodiment, there 1s provided a method for determining whether a
Alzheimer’s disease therapy administered to a subject 1s effective. The method includes a step
of detecting a level of endogenous neuromelanin 1in the tissue at a first time point. In a
subsequent step, a therapy 1s administered to the subject. A level of neuromelanin in the tissue

1s then determuned at a second time point. Thereafter, the level of neuromelanin at the first
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time point 1s compared to the level of neuromelanin at the second time point. A higher level
or a constant level of neuromelanin at the second time point relative to the first time point
indicates that the therapy was effective. Altermatively, alower level neuromelanin at the second
time point relative to the first time point indicates that the therapy administered to the subject
was neffective.

[0052] In one embodiment, there 1s provided a method for treating a patient with
Alzheimer’s disease. In one embodiment, the method comprises administering to a patient an
initial amount of an Alzheimer’s disease treatment. In one embodiment, the method comprises
monitoring the neuromelanin concentration in a region of interest in the patient’s brain and
assessing treatment-related adverse events over an initial treatment period. In one embodiment,

if, during the mitial treatment period, the patient exhibits one or more of

1) decreased neuromelanin concentration in the region of interest in the patient’s
brain; and
11) no treatment associated adverse or side effects;

then increasing the dose of the Alzheimer’s disease treatment in a subsequent treatment
period;
wherein the treatment results in an improvement in Alzheimer’s disease symptoms 1n

the patient.

[0053] In one embodiment, the treatment method. includes the following step:
repeating steps a)-c) until the patient fails to exhibit one or more of 1)-11) 1n step c).
[0054] In one aspect, the present disclosure 1s directed to a method of diagnosing,.
determining the progression over time of, or providing a prognosis of a neurological
disorder in a subject, said method comprising:
(1) obtaining a first Neuromelanin Magnetic Resonance Imaging (NM-
MRI) scan at a {irst time point:;
(1)  after step (1), obtaining a second NM-MRI scan at a second time
point;
(1) performing a segmented-based algorithm analysis to determine the
level, concentration and/or volume of neuromelanin (NM) 1n the locus coeruleus (LC);
(1v)  performing a voxel-based algorithm analysis to determine the level,

concentration and/or volume of neuromelanin in the substantia nigra pars compacta

(SNc);
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(V) comparing the first neuromelanin magnetic resonance 1image to the
second neuromelanin magnetic resonance 1mage thereby determining whether a
change 1n the level, signal and/or concentration of neuromelanin occurred between
said first time point and said second time point in both the SNc¢ with the voxel-
based algorithm and the LC with the segmented based algorithm.

(vi1) providing a diagnosis, progression over time, or prognosis of the
neurological disorder based on the difference in the level of NM 1n the SNc¢ between
the first and second scans and the difference in the level of NM 1n the LC between
the first and second scans.

[0055] In one aspect, the present disclosure 1s directed to an iz vivo method of selecting a
treatment regimen for the prevention or treatment of a neurological disorder in a subject.
said method comprising:

(1) obtaining a first Neuromelanin Magnetic Resonance Imaging (NM-MRI)
scan at a first time point;:

(11) after step (1), obtaining a second NM-MRI scan at a second time point;

(1)  performing a segmented-based algorithm analysis and determining the level,
concentration and/or volume of neuromelanin (NM) 1n the locus coeruleus (LC);

(1v)  performing a voxel-based algorithm analysis and determining the level,
concentration and/or volume of neuromelanin 1n the substantia nigra pars compacta (SNc¢);

(V) comparing the first neuromelanin magnetic resonance image to the second
neuromelanin magnetic resonance image thereby determining whether a change in the
level, signal and/or concentration of neuromelanin occurred between said first time point
and said second time point in both the SNc¢ with the voxel-based algorithm and the LC
with the segmented based algorithm;

(vi) providing a diagnosis, progression over time, or prognosis of the
neurological disorder based on the difference in the level of NM 1n the SNc¢ between the
first and second scans and the difference 1n the level of NM 1n the LC between the first
and second scans.

(vi) administering the treatment regimen corresponding with the determined
neurological disorder.

[0056] In one aspect, the present disclosure 1s directed to a method for distinguishing
between motor diseases with similarly presenting symptoms comprising:

(1) performing an examination to determine a Unified Parkinson's Disease Rating

Scale score;
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(1)  obtaining a first Neuromelanin-Magnetic Resonance Imaging (NM-MRI)
scan at a first time point;

(111)  after steps (1) and (11), obtaining a second NM-MRI scan at a second time
point;

(1v)  performing a voxel-based analysis and determining the concentration and/or
volume of NM 1n the SNc;

(V) performing a segmented based analysis and determining the concentration
and/or volume of NM 1n the LC:

(vi) comparing the first neuromelanin magnetic resonance image to the second
neuromelanin magnetic resonance image thereby determining whether a change in the
level, signal and/or concentration of neuromelanin occurred between said first time point
and said second time point in both the SN¢ and LC;

(v1) providing a diagnosis, progression over time, or prognosis of the neurological
disorder based on the difference in the level of NM 1n the SNc¢ between the first and
second scans and the ditference in the level of NM 1n the LC between the first and
second scans.

[0057] In one aspect, the present disclosure 1s directed to a method of diagnosing a patient
with a neurological disorder, said method comprising:

(1) measuring a concentration and/or volume of neuromelanin in the SN¢ using a
voxel-based analysis method and measuring a concentration and/or volume of neuromelanin
in the LC using a segmented based analysis method:

(11) comparing the level of neuromelanin in the SNc¢ to a standard control level of
neuromelanin in the SN¢ and comparing the level of neuromelanin 1n the LC to a standard
control level of neuromelanin 1n the LC,

(111)  providing a diagnosis of the neurological condition i1f the magnitude or ratio of
SNc¢ and LC neuromelanin 1s lower or higher for each of their respective regions relative to
the standard control.

[0058] In one aspect, the present disclosure 1s directed to a method of diagnosing a patient
with a neurological disorder, said method comprising:

(1) measuring a concentration and/or volume of neuromelanin 1in the SNc¢ using a
voxel-based analysis method and measuring a concentration and/or volume of neuromelanin

1in the LC using a segmented based analysis method:;
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(11) comparing the level of neuromelanin in the SNc¢ to a standard control level of
neuromelanin in the SNc¢ and comparing the level of neuromelanin 1n the LC to a standard
control level of neuromelanin 1n the LC,

(1)  providing a diagnosis of the neurological condition 1f the magnitude or ratio of
SNc¢ and LC neuromelanin 1s lower or higher for each of their respective regions relative to
the standard control according to pre-determined values.

[0059] In one embodiment, the methods described herein are used with a second 1imaging
method, wherein the second 1imaging method 1s selected from the group consisting of positron
emission tomography (PET), tau-PET, structural MRI, comprises functional MRI (fMRI),
blood oxygen level dependent (BOLD) fMRI, 1ron sensitive MRI, quantitative susceptibility
mapping (QSM), diffusion tensor imaging DTI, and single photon emission computed
tomography (SPECT), DaTscan and DaTquant.

[0060] In one embodiment, the methods described herein are used with a second 1imaging
method, wherein the second imaging method 1s Positron Emission Tomography (PET).

[0061] In one embodiment, the methods described herein are used with a second 1imaging
method, wherein the second 1maging method 1s structural MRI.

[0062] In one embodiment, the methods described herein are used with a second 1imaging
method, wherein the second 1maging method 1s functional MRI (fMRI).

[0063] In one embodiment, the methods described herein are used with a second 1imaging
method, wherein the second 1imaging method 1s blood oxygen level dependent (BOLD) {MRI.
[0064] In one embodiment, the methods described herein focuses on the neuromelanin
level, concentration, volume, or pattern within symptom-specific and/or disease-specific
voxels in the SNc.

[0065] In one embodiment, the methods described herein focuses on the neuromelanin
level, concentration, volume, or pattern within symptom-specific and/or disease-specific
segments 1n the LC.

[0066] In one embodiment, the methods described herein focuses on the neuromelanin
level, concentration, volume, or pattern within symptom-specific voxels and/or disease-
specific in the SNc¢ and the neuromelanin level, concentration, volume, or pattern within
symptom-specific and/or disease-specific segments in the LC.

[0067] In one embodiment, the methods described herein focuses on the neuromelanin
level, concentration, volume, or pattern within the SN¢ and the neuromelanin level,
concentration, volume, or pattern within symptom-specific and/or disease-specific

segments 1in the LC.
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[0068] In one embodiment, the methods described herein focuses on the neuromelanin
level, concentration, volume, or pattern within symptom specific and/or disease-specific
voxels in the SNc¢ and the neuromelanin level, concentration, volume, or pattern within the
LC.

[0069] In one embodiment, the methods discussed herein are directed to one or more
neurological condition.

[0070] In one embodiment, the methods discussed herein are directed to one or more
neurological condition, wherein the neurological condition 1s selected from schizophrenia.,
cocaine use disorder, Parkinson’s disease, Alzheimer’s disease without neuropsychiatric
symptoms, neuropsychiatric symptoms of Alzheimer’s disease, major depressive disorder,

and/or post-traumatic stress disorder.

BRIEF DESCRIPTION OF THE FIGURES

[0071] The accompanying drawings, which are included to provide a further understanding
of the present disclosure, are incorporated 1n and constitute a part of this specification, illustrate
aspects of the present disclosure and, together with the detailed description, serve to explain
the principles of the present disclosure. The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent application publication with color
drawing(s) will be provided by the Office upon request and payment of the necessary fee.
[0072] FIG. 1 shows Neuroimaging measures. Top: PET 1imaging measures of tau load
using radiotracer [**FIMK6420 (left) and B-amyloid load using ['*F]AZD4694 (right) in
representative cognitively normal (CN) and Alzheimer’s disease (AD) participants. Bottom:
Imaging the locus coeruleus (LC). Bottom-left: NM-MRI 1mage obtained in vivo from a CN
older adult. Bottom-middle: magnified view of the pons from this participant and from a
representative AD patient. This non-invasive procedure clearly delineates the LC as
hyperintense voxels (yellow arrows). In AD, LC degeneration begins in the early stages of
1llness, causing visible reduction in LC NM-MRI signal. Bottom-right: 3D structure of human
LC revealed by computer reconstruction showing distribution of noradrenergic LC cells
(orange) based on post-mortem cell counts

[0073] FIG. 2 shows a prediction of neuropsychiatric symptom severity 1 n=73
cognitively impaired older adults based on LC NM-MRI (left), tau load (middle), or B-amyloid
load (right). NPS severity was adjusted based on covariates age, sex, dementia severity, and

PET measures (LC plot) or LC signal (tau and amyloid plots). All measures significantly
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predicted MBI total score (Pearson =0.37, 0.44, 0.40 respectively) and MBI 1mpulse
dyscontrol subdomain score (plots not shown, r=0.35, 0.30, 0.29, respectively).

[0074] FIG. 3 shows NM-MRI images acquired at 7 Tesla and 3 Tesla from representative
subjects. Yellow arrows point to the LC. Compared to 3T, ultra-high field strength (7T) allows
enhanced 1n-plane resolution (0.7 x 0.7 mm at 3T vs 0.4 x 0.4 mm at 7T; axial view) and
thinner slices (1.8 vs 1.0 mm; coronal view): therefore, voxel volume 1s 5.5 times smaller at
7T. Lower resolution causes noise in the LC NM-MRI signal due to partial volume effects
where single voxels combine LC and non-LC tissue. For this reason, ultra-high field NM-MRI
1s preferred to measure the signal from this small structure

[0075] FIG. 4 shows the measurement of the LC NM-MRI signal. A. NM-MRI
visualization template created by averaging many NM-MRI 1mages in MNI space. B, C.
Magnified views of template with a manually traced over-inclusive mask of the LC overlaid.
This mask 1s divided into 4 rostro-caudal segments (color-coded in B). D. A representative
subject’s NM-MRI 1mage showing the pons in native space. The overinclusive LC mask 1s
converted from MNI space to native space to create a search space (yellow) wherein to locate
the LC. E. The LC (yellow) 1s 1dentified bilaterally as the brightest cluster of 4 adjacent voxels
within the search space. F. The contrast to noise ratio (CNR) 1s calculated for all voxels relative
to the signal 1n a reference region containing no NM (white circle). Averaging the CNR values
from all LC voxels 1n a rostro-caudal segment yields the LC NM-MRI signal. The mid-rostral
segment (yellow) showed the most pronounced degeneration in AD and the signal here 1s used
for all analyses.

[0076] FIG. 5 shows the relationship of LC NM-MRI signal to Braak stage and dementia
severity. Left: schematic representation of the LC 1n coronal view showing subregional pattern
of NM-MRI signal loss 1n tau positive individuals. The LC was divided into 5 segments (each
3mm long) on the left and right sides. Tau status was divided into 3 levels (tau negative, Braak
region 1 positive, Braak region 3 positive). The LC segments are color-coded based on the
relationship of NM-MRI signal in the segment to tau status (t-statistic derived from a robust
linear regression controlling for age and sex). The strongest relationship was seen 1n the middle
LC segment (MNI space z coordinate =-22 to -25; encircled in yellow and matching the yellow
LC segment shown 1n Fig 1). Bilateral LC NM-signal from this segment was the NM-MRI
metric selected for all subsequent analyses. Middle: scatterplot showing LC NM-MRI signal
in all study groups. Braak 3 positive cases (dark red) showed reduced signal relative to tau
negative cases and Braak 1 positive cases. Error bars represent standard error of the mean.

Right: scatterplots showing correlation of LC NM-MRI signal to cognitive impairment (errors
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on the MMSE, top) and dementia stage (CDR score, bottom). L: left, R: rnight, CN-: cognitively
normal tau negative individuals, CI+: cognitively impaired Braak 1 positive individuals, CI++:
cognifively impaired Braak 3 positive individuals, MMSE: Min1 Mental State Exam, CDR:
Clinical Dementia Rating Scale.

[0077] FIG. 6 shows the voxel wise correlation of LC NM-MRI signal to [18F|MK-6240
uptake throughout the brain.

[0078] FIG. 7 shows the measurement of LC NM-MRI signal. Left: visualization template
in MNI space created by averaging the spatially normalized NM-MRI 1mages from all
participants. Middle: magnified views of the visualization template with the over-inclusive LC
mask overlaid. This mask was manually traced on the visualization template over the
hyperintense region surrounding the LC and divided into 5 rostrocaudal segments (displayed
in different colors), each spanning 3 mm 1n the z axis. Top-right: unprocessed NM-MRI image
showing the pons of a representative individual; the central pons reference region 1s encircled
in white. Contrast-to-noise ratio for all voxels was calculated relative to signal from this region.
Bottom-right: segmentation of the LC 1n native space. The over-inclusive LC mask (yvellow)
was deformed from MNI space to native space to provide a search space wherein the LC was
1dentified on left and right sides as the brightest 4 adjacent voxels. To minimize partial volume
effects, only the brightest 1 of the 4 voxels was retained for each side and slice and the LC NM-
MRI signal was calculated by averaging CNR values from these voxels for each of the 5
segments.

[0079] FIG. 8 shows a positive correlation between caudal LC NM-MRI signal and CAPS-
5 hyperarousal symptom severity.

[0080] FIG. 9 shows a negative correlation between LC NM-MRI signal and BDI
depression severity.

[0081] FIG. 10 shows LC signal in PTSD patients and healthy individuals. There was a
significant increase in caudal LC signal in the PTSD group controlling for age (134=2.08,
p=0.046, cohen's d=0.71; linear regression controlling for age).

[0082] FIG. 11 shows the relationship of clinical and physiological measures of
hyperarousal to LC NM-MRI signal. Left: Greater LC NM-MRI signal was significantly
related to more severe symptoms of hyperarousal in 24 Canadian Armed Forces veterans with
a history of operational deployment (r=0.52, p=0.019). Right: Preliminary data suggests a
positive correlation between LC NM-MRI signal and skin conductance response during the

fMRI fear conditioning procedure (phasic max, conditioned stimulus-unconditioned stimulus)
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in 7 young healthy individuals (age- and diagnosis-related increase in NM signal likely explains
the lower LC NM-MRI signal values compared to the plot at left).

[0083] FIG. 12 shows that LC localization via NM-MRI supports fMRI analysis. Due to
1ts small size, 1t 1s not recommended to examine activity of the LC using standard methods of
BOLD {MRI preprocessing and analysis. Recent work has demonstrated an improved method
that conducts first-level IMRI analysis 1in native space with no smoothing and leverages the
NM-MRI signal to provide a personalized LC localizer [46, 47|. We employed this approach
1in a single subject with PTSD and examined functional connectivity of the LC. At rest (top),
we observed a pattern of functional connectivity very similar to prior report [46], centered
around the LC (white) and including structures within the brainstem and cerebellum. After
exposure to personalized trauma words 1n this same individual (bottom), the connectivity of
the LC increased with many structures known to project to or from the LC including
hypothalamus, hippocampus, and cerebral cortex. In the current proposal the IMRI paradigm
consists of fear conditioning, not trauma evocation as shown here; nevertheless, these results
demonstrate the feasibility of the approach to investigate functional activity of the LC using
BOLD fMRI.

[0084] FIG. 13 shows SNc and LC masks. The software automatically applies the custom SN
mask to the SNc to select the region for the voxel based algorithm and the custom LC mask to the
LC to select the region for the segmented algorithm.

[0085] FIG. 14 shows the application of the voxel based and segmented based algorithms to
measure NM 1n patients with Parkinson’s disease. The voxel based algorithm shows there are
significant changes in the SNc¢ compared to healthy controls (left panel). The segmented based
algorithm shows there are no significant changes in the LC compared to healthy controls (right
panel).

[0086] FIG. 15 shows the application of the voxel based and segmented based algorithms to
measure NM 1n patients with mild cognitive impairment (MCI) and Alzheimer’s disease (AD). The
voxel based algorithm shows there are no significant changes in the SNc compared to healthy
controls (left panel). The segmented based algorithm shows there are significant changes in the LC
compared to healthy controls (right panel).

[0087] FIG. 16 shows the application of the voxel based and segmented based algorithms
to measure the neuropsychiatric symptoms NM 1n with Alzheimer’s disease (AD). The
segmented based algorithm shows there are significant increases in NM 1n the LC compared to
healthy controls (left panel). The voxel based algorithm shows there are significant decreases

in NM compared to healthy controls in the SNc(right panel).
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[0088] FIG. 17 shows the application of the voxel based and segmented based algorithms
to measure NM 1n patients with Schizophrenia. The voxel based algorithm shows there are
significant changes 1n the SNc compared to healthy controls (left panel). The segmented based
algorithm shows there are no significant changes 1n the LC compared to healthy controls (right
panel).

[0089] FIG. 18 shows the application of the voxel based and segmented based algorithms
to Post Traumatic Stress Disorder. The voxel based algorithm shows there are no significant
association of disease severity with NM levels in the SNc¢ compared to healthy controls (left
panel). The segmented based algorithm shows there are significant changes in the LC compared
to healthy controls and that the increase NM levels are significantly associated with disease
severity (right panel).

[0090] FIG. 19 shows the application of the voxel based and segmented based algorithms
to patients with depression. The voxel based algorithm shows there 1s are no significant
association of disease severity with NM levels in the SNc¢ compared to healthy controls (left
panel). The segmented based algorithm shows there 1s a trend toward decreasing NM levels
with increasing disease severity 1in the LC compared to healthy controls (right panel).

[0091] FIG. 20 shows the application of the voxel based and segmented based algorithms
to cocaine use disorder. The voxel based algorithm shows that increased NM 1n the SNc 1s
significantly associated with cocaine use disorder compared to healthy controls (left panel).
The segmented based algorithm shows there 1s a trend toward decreasing NM 1n the LC

compared to healthy controls (right panel).

DETAILED DESCRIPTION

[0092] Before the present disclosure 1s described 1n greater detail, 1t 1s to be understood
that this disclosure 1s not limited to particular embodiments described, as such may, of course,
vary. It 1s also to be understood that the terminology used herein 1s for the purpose of describing
particular embodiments only, and 1s not intended to be limiting, since the scope of the present
disclosure will be limited only by the appended claims.

Definitions

[0093] The particulars shown herein are by way of example and for purposes of 1llustrative
discussion of the embodiments of the present disclosure only and are presented in the cause of
providing what 1s believed to be the most useful and readily understood description of the

principles and conceptual aspects of the present disclosure. In this regard, no attempt 1s made

20



WO 2022/104288 PCT/US2021/059590

to show structural details of the present disclosure in more detail than 1s necessary for the
fundamental understanding of the present disclosure, the description 1s taken with the drawings
making apparent to those skilled in the art how the forms of the present disclosure may be
embodied 1n practice.

[0094] As used herein, the singular forms “a,” “an,” and “the™ include the plural reference
unless the context clearly dictates otherwise.

[0095] Except where otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified 1n all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached claims
are approximations that may vary depending upon the desired properties sought to be obtained
by the present disclosure. At the very least, and not to be considered as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical parameter
should be construed in light of the number of significant digits and ordinary rounding
conventions.

[0096] Additionally, the disclosure of numerical ranges within this specification 1s
considered to be a disclosure of all numerical values and ranges within that range. For example,
if a range 1s from about 1 to about 50, 1t 1s deemed to include, for example, 1, 7, 34, 46.1, 23.7.
or any other value or range within the range. Moreover, the terminology at least includes the
stated number, e.g., “at least 50 includes 50.

[0097] The term “MR” refers to magnetic resonance and 1s the physical principle upon
which a variety of experimental procedures known 1n the art and/or described herein are based.
including MRI (“magnetic resonance 1imaging”’), MRS (“magnetic resonance spectroscopy’)
and the like. The term neuromelanin-sensitive MRI or neuromelanin-MRI refer to the use of
MRI 1n the study of neuromelanin 1n the brain. Herein the general term magnetic resonance
1mage, magnetic resonance 1maging or MRI encompasses neuromelanin-sensitive variants.
[0098] As used herein, the term “NM-MRI” and similar nomenclature refers to each the
MRI scan and corresponding voxel wise analysis independently, both as separate and together.
[0099] The terms “T1” and “T2” used herein refer to the conventional meanings well
known 1n the art (1.e., “spin-lattice relaxation time,” and “spin —spin relaxation time,”
respectively).

[00100] The term “T1-weighted” in the context of MRI 1images refers to an image made with
pulse spin echo or inversion recovery sequence, having approprately shortened TR and TE,

which as known 1n the art can demonstrate contrast between tissues having different T1 values.
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The term “TR™ 1n this context refers to the repetition time between excitation pulses. The term
“excitation pulse” 1s understood to refer to a 90-deg radio frequency (RF) excitation pulse. The
term “TE” refers to the echo time between the excitation pulse and MR signal sampling.
[00101] The term “subject”™ may be a mammalian subjects such as murine, rattus, equine,
bovine, ovine, canine, feline or human. In some embodiments of the methods described herein,
the subject 1s a mouse, while 1n other embodiments the subject 1s a human. The term “patient”
in this context refers to a human subject.

[00102] As used herein, the term “alleviate™ 1s meant to describe a process by which the
severity of a sign or symptom of a disorder 1s decreased. Importantly, a sign or symptom can
be alleviated without being eliminated. In a preferred embodiment, the use of treatment
methods disclosed herein leads to the elimination of a sign or symptom, however, elimination
1S not required. Effective dosages guided by the present disclosure are expected to decrease
the severity of a sign or symptom.

[00103] Dosage and administration are adjusted to provide sufficient levels of the active
agent(s) or to maintain the desired effect. Factors which may be taken into account include the
severity of the disease state, general health of the subject, age, weight, and gender of the
subject, diet, time and frequency of administration, drug interaction(s), reaction sensitivities,
and tolerance/response to therapy. An effective amount of a pharmaceutical agent 1s that which
provides an objectively 1dentifiable improvement.

[00104] The term “‘neurological” condition 1s used interchangeably with “‘neurological
disorder” and “neurological disease™ and 1s intended to encompass the conditions/disorders
known 1n the art, at least several of which have been enumerated herein.

[00105] As used herein, “stable” refers to measurements that are reproducible. In one
embodiment, “‘stable neuromelanin levels™ refers to serial scans where neuromelain levels
remain relatively constant. In some contexts, “stable neuromelanin levels™ are maintained for
one or more hours, one or more days, one or more weeks, or one or more treatment cycles.
[00106] The terms “treat,” “‘treatment” and the like in the context of disease refer to
ameliorating, suppressing, eradicating, and/or delaying the onset of the disease being treated.
In some embodiments, the methods described herein are conducted with subjects 1n need of
treatment. The terms “1n need of treatment™ and the like as used herein refer to a subject at risk
for developing a disease, having a condition, which would be understood by those of skill in
the medical or veterinary arts as likely leading to a disease, and/or actually having a disease.
Alzheimer’s disease treatments includes currently approved and investigative treatments.

Conventional MRI lacks the spatial and quantitative data needed to predict clinical outcomes.
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However, the methods as discussed herein detect levels of neuromelanin 1n the brain that can
predict clinical progression, severity, and response in Alzheimer’s disease given the variance
of neuromelanin 1n the brain or loss of neuromelanin-containing neurons.

[00107] The NM-MRI of the present disclosure can monitor the efficacy of
Alzheimer’s treatment. The NM-MRI of the present disclosure can determine efficacy of
investigative treatments. A non-exhaustive listing of Alzheimer’s treatment which may be
monitored according to one embodiment of the present disclosure includes one or more of the
following:

[00108] Alzheimer’s disease treatments include disease-modifying therapies. These
therapies aim to prevent, slow or halt the overall progression of Alzheimer’s disease (PD).
They target different proteins and pathways believed to play a role in the disease.

[00109] In some embodiments NM-MRI provides a method for dose titration for the
treatment of Alzheimer’s disease while avoiding and adverse or side effects from currently
approved or 1nvestigational therapeutics. Specifically, administering a treatment while
monitoring NM signals using the voxelwise approach described herein to guide the dosage
regimen, 1t 1s possible to increase efficacy.

[00110] Additionally, administering a therapeutic according to a specific variable dosage
regimen guided by NM-MRI, 1t 1s possible to reduce side effects which may be associated with
administration. For example, administering treatments according to the specific dosage
regimen guided by NM-MRI voxel analysis of the present disclosure may significantly reduce,
or even completely eliminate treatment associated side effects.

[00111] In one embodiment, the region of interest are Alzheimer’s disease symptom-
associated voxels. The dose vanation increases patient compliance, improves therapy and
reduces unwanted and/or adverse effects. In certain embodiments, the therapeutic method of
the disclosure provides an improved overall therapy relative to the administration of the
therapeutic agents by themselves.

[00112] In certain embodiments, doses of existing therapeutic agents can be reduced or
administered less frequently 1n using the guided intervention of the present disclosure, thereby
increasing patient compliance, improving therapy and reducing unwanted or adverse effects.
In one embodiment, monitoring treatment with the NM-MRI of the present disclosure allows
patients to experience benefit from treatment for a longer timeframe.

[00113] Neuromelanin-sensitive MRI data may be used as a biomarker for Alzheimer’s
disease, or risk of developing Alzheimer’s disease, severity, i1llness progression, treatment

response, and/or clinical outcome. Neuromelanin-sensitive MRI methods meet the need for
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objective biomarker tracking Alzheimer’s disease. severity, or risk for i1ts development.
Neuromelanin-sensitive MRI can be used as a safe alternative for invasive/radiating imaging
measures (e.g., PET). Neuromelanin-sensitive MRI can also be used for monitoring of
progression, which currently cannot be done given the risk of repeated exposure to radiation.
Neuromelanin-sensitive MRI 1s non-invasive, cheaper, saler, and easier to acquire in clinical
settings. It has substantially increased (5-10-fold) anatomical resolution, which allows for
resolving anatomical detail within relevant brain structures.

[00114] In certain embodiments, neuromelanin sensitive magnetic resonance 1mages are
obtained periodically, for example, every 1, 2, 3, 4, 5, 6 or 7 days, every 1, 2, 3 or 4 weeks,
every 1,2, 3.4,5,6,7,8,9, 10, 11 or 12 months, or every 1, 2, 3, 4 or 5 years. In certain
embodiments, a first magnetic resonance 1mage 1s obtained prior to the appearance of
symptoms. In certain embodiments, a first magnetic resonance 1mage 1s obtained prior to
symptoms associated with Alzheimer’s disease. A second magnetic resonance image may be
obtained either prior to or subsequent to the appearance of symptoms. In other embodiments,
a second magnetic resonance 1mage may be obtained 1 year after the first magnetic resonance
1mage.

[00115] In some embodiments, the neuromelanin sensitive magnetic resonance 1maging
(“NM-MRI”) technique 1s effective at non-invasively diagnosing, measuring the effect of,
and/or providing a prognosis for Alzheimer’s disease.

[00116] In some embodiments, the NM-MRI technique 1s used as a tool for diagnosing pre-
symptomatic Alzheimer’s disease. In some embodiments, the NM-MRI technique 1s effective
for distinguishing Alzheimer’s disease from other neurological conditions, including but not
limited to Parkinson’s disease and/or dementia with lewy bodies. In other embodiments, the
NM-MRI technique 1s effective at selecting and/or monitoring a course of treatment,
optionally, such a treatment 1s effective at treating Alzheimer’s disease.

[00117] In some embodiments, the NM-MRI technique 1s used as a tool for monitoring the
progress of Alzheimer’s disease. In some embodiments, the NM-MRI technique 1s effective
for the longitudinal assessment of Alzheimer’s disease progression.

[00118] In some embodiments the technique measures neuromelanin directly or indirectly.
In other embodiments, the technique measures dopamine function directly or indirectly. In
some embodiments, there 1s a connection between neuromelanin-sensitive MRI (NM-MRI)
signal and Alzheimer’s disease severity.

[00119] In some embodiments, the NM-MRI technique 1s capable of determining the

concentrations of neuromelanin across all sections of brain tissue. In other embodiments, the
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NM-MRI technique 1s capable of determining regional concentrations of neuromelanin. In
other embodiments, the NM-MRI technique 1s capable of determining regional levels of
neuromelanin. In other embodiments, the NM-MRI technique 1s capable of determining
regional signal intensity of neuromelanin.

[00120] In other embodiments, the NM-MRI technique determines the neuromelanin
concentration 1n the locus coeruleus (LC) subregions. In further embodiments, the NM-MRI
technique determines dopamine release 1n the dorsal striatum and resting blood flow within the
locus coeruleus either directly or indirectly.

[00121] In some embodiments, the NM-MRI signal and Alzheimer’s disease severity are
directly correlated. In some embodiments, the NM-MRI signal and Alzheimer’s disease
severity are inversely correlated. In other embodiments, NM-MRI exhibits lower signal in the
nigrostriatal pathway of people with Alzheimer’s disease. In some embodiments, the NM-MRI
captures dopamine dysfunction. In yet other embodiments, the NM-MRI can be used as a
biomarker for Alzheimer’s disease. In further embodiments, the NM-MRI can be used to
determine the severity of Alzheimer’s disease. In further embodiments, the NM-MRI can be
used to diagnose and/or provide a prognosis for Alzheimer’s disease.

[00122] In some embodiments, the analysis 1s performed 1in comparison to previous NM-
MRI. In other embodiments, the analysis 1s performed 1n comparison to a reference value
and/or range. In some embodiments, the reference value and/or range 1s generated using a
compilation of neuromelanin data from healthy people. In some embodiments, the reference
value and/or range 1s generated using a compilation of neuromelanin data from people who
have Alzheimer’s disease. In some embodiments, the reference value and/or range 1s generated
using a compilation of neuromelanin data from people who have Alzheimer’s disease and
people who do not have Alzheimer’s disease.

[00123] In some embodiments, the NM-MRI signal 1s taken from the substantia nigra or the
locus coeruleus. In some embodiments, the NM-MRI signal 1s taken from both the SN and the
locus coeruleus.

[00124] Certain embodiments of the present disclosure can provide an objective test to
enhance diagnostic accuracy, advance the recognition of Alzheimer’s disease nto a
presymptomatic stage, and serve as a monitor for therapy. In general, embodiments of the
pre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>