
Report BHA-2020-11:

Research Protocol for Exploratory Study of

Entire-body PET Scans for Multiple Sclerosis (EPSMS)*

Carl Taswell, MD, PhD

Abstract

Basic question: Can an entire-body positron emission tomography (PET) scanner be exploited to improve evalu-

ation, monitoring and measurement of both peripheral and central demyelination in multiple sclerosis (MS) patients?

We assume here that demyelination outside the brain may involve the spinal cord if not also possibly some of the

larger peripheral nerves outside the spinal column in a manner that may be detected with the greater sensitivity and

resolution of the most recent state-of-the-art PET scanners.

Initial approach: Adopt a cost-effective and reduced-risk approach initially for an exploratory study by using

commercially available and already FDA-approved PET amyloid imaging radiopharmaceuticals that also bind to

myelin to follow radiotracer uptake in white matter, thereby tracking demyelination versus remyelination for MS

patients in comparison with normal healthy subjects. This initial approach with the greater sensitivity and resolution

of modern entire-body PET scanners when used for amyloid/myelin imaging should hypothetically enable monitoring

of increased versus decreased activity in both the peripheral nervous system (PNS) and the central nervous system

(CNS), rather than only imaging the brain as performed in most conventional imaging evaluations for MS patients.

Future approach: Investigate other possible radiotracers (including those not yet FDA approved) that may be

useful for monitoring demyelination, neuroinflammation and/or microglial activation in both the PNS and CNS of

MS patients. In addition, PET myelin imaging by PET-CT scanners will be compared with analogous imaging by

PET-MR scanners.

Significance: Improved molecular imaging with new entire-body PET scanners that provide improved detection

sensitivity and spatial resolution for quantitative measurement of demyelination and remyelination will support better

decision-making for patient care with more robust outcome measures for monitoring therapeutic drugs evaluated in

clinical trials for the treatment of multiple sclerosis.
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Introduction

Background and Rationale

Basic question: Can an entire-body positron emission tomography (PET) scanner be exploited to improve

evaluation, monitoring and measurement of both peripheral and central demyelination in multiple sclerosis (MS)

patients? We assume here that demyelination outside the brain may involve at least the spinal cord if not also

possibly some of the larger peripheral nerves outside the spinal column in a manner that may be detected with the

greater sensitivity and resolution of the most recent state-of-the-art PET-CT scanners such as the United Imaging

uEXPLORER and the Siemens Biograph Vision PET scanners (see also Cherry et al. [1], Badawi et al. [2], and

Sluis et al. [3]). This report describes the clinical research protocol for an initial exploratory study as an international

multi-site imaging trial with collaborating partners at medical research centers with operational installations of entire-

body PET-CT scanners, or of entire-body PET-MR scanners, to measure both peripheral and central demyelination

in MS patients compared to normal healthy subjects.

Literature review: Demyelination in both the peripheral and central nervous systems plays a key role in the

neuronal and axonal degeneration that occurs in the pathophysiology of MS (Lucchinetti et al. [4], Zephir et al. [5],

Friese et al. [6]). To evaluate patients for the presence and severity of demyelination, magnetic resonance imaging

(MRI) has been well established as the imaging modality most used in routine clinical practice (Losseff et al. [7],

Thorpe et al. [8], Barkhof [9], Lycklama et al. [10], Bakshi et al. [11]). However, in recent years, molecular imaging

with PET scanners has been considered as an alternative imaging modality for MS (Niccolini et al. [12], Moccia

et al. [13], [14]). PET metabolic and amyloid imaging has been demonstrated to be useful and safe for monitor-

ing neurodegenerative disorders other than MS (Anand et al. [15], Taswell et al. [16], [17]). However, the three

radiopharmaceuticals currently approved by the US FDA for amyloid imaging (Amyvid F18-florbetapir, NeuraCeq

F18-florbetaben, Vizamyl F18-flutemetamol) have not yet been validated as a myelin imaging probe for the routine

clinical evaluation of MS patients.

Most PET amyloid imaging research studies with MS patients have used Pittsburgh compound B with C11 as

the radiotracer (abbreviated as [11C]-PiB PET; see work by Stankoff [18], Glodzik et al. [19], Veronese et al. [20],

Matias-Guiu et al. [21], Bodini et al. [22], Zeydan et al. [23]), and have successfully demonstrated the utility of

this PET amyloid imaging agent for monitoring demyelination. As examples, Bodini et al. [24] reported that “this

technique is able to quantify myelin content in multiple sclerosis (MS) lesions and to capture dynamic demyelination

https://www.who.int/ictrp/network/trds/en/
mailto:ctaswell@BrainHealthAlliance.org
https://usa.united-imaging.com/products/molecular-imaging/uexplorer/
https://usa.united-imaging.com/products/molecular-imaging/uexplorer/
https://www.siemens-healthineers.com/en-us/molecular-imaging/pet-ct/biograph-vision
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and remyelination over time” and Bodini et al. [25] concluded that “[11C]-PiB PET allows quantification of myelin

dynamics in MS and enables stratification of patients depending on their individual remyelination potential, which

significantly correlates with clinical disability. This technique should be considered to assess novel promyelinating

drugs.” In addition, some research studies with MS patients have demonstrated encouraging results with the use of

F18-florbetaben (Matias-Guiu et al. [26]–[28]) and F18-florbetapir (Pietroboni et al. [29]) as the radiopharmaceuticals

used for PET amyloid imaging. These images with an axial slice and a sequence of sagital slices, provided courtesy

of Dr. C. Rowe (at the University of Melbourne, Australia), demonstrate the high myelin binding of the off-target white

matter uptake of F18-flutemetamol in a PET brain scan negative for gray matter uptake of the amyloid radiotracer.

Moreover, in a recent editorial entitled “A new frontier for amyloid PET imaging: multiple sclerosis”, Morbelli et

al. [30] commented that

“the development and clinical testing of remyelinating drugs is currently hindered by the lack of quanti-

tative measures able to quantify remyelination reproducibly across the spectrum of MS… amyloid PET

(AMY-PET) has also been suggested as a potential marker of WM damage in MS. In fact, all AMY-PET

tracers bind to theWM, regardless of the presence or absence of beta-amyloid deposition in the adjacent

GM… From a clinical trial perspective, the availability of fluorinated AMY-PET tracers (with their longer

halflife) already used in dementia diagnosis, may make the use of AMY-PET in tissue repair studies a re-

alistic possibility…AMY-PET imaging in patients with MS might be a suitable tool to objectively evaluate

outcome measures in proof-of-concept clinical trials as well as to validate MRI metrics of remyelination.”

Finally, it should be noted that none of the literature searches completed for this pilot study project description have

yet found any published study on the use of PET molecular imaging agents with MS patients for both the peripheral

nervous system (PNS) and central nervous system (CNS), ie, where the entire body with peripheral nerves, spinal

cord and brain were all imaged simultaneously.

Initial approach: This exploratory study proposes to adopt initially a cost-effective and reduced-risk approach

by using commercially available and already FDA-approved amyloid PET tracers that also bind to myelin to mea-

sure radiotracer activity in white matter, thereby observing for demyelination versus remyelination in MS patients

compared to normal healthy subjects. Patients with advanced MS as indicated by high disability scores and im-

paired motor control of extremities will be selected for the comparison with normal healthy subjects to increase the

likelihood of detecting an appreciable difference in the spinal column and peripheral nerves between MS patients

and normals. Of the three FDA-approved amyloid tracers, Vizamyl (F18-flutemetamol) has the highest binding to

myelin and uptake in white matter. However, Amyvid (F18-florbetapir) is more widely and readily available. More-

over, Avid Radiopharmaceuticals Inc., a wholly owned subsidiary of Eli Lilly and Company, has supported this study

by providing Amyvid doses free of charge. Avid Radiopharmaceuticals has not otherwise participated in the design,

development, conduct, analysis, or funding of the study. This initial approach with PET Amyvid imaging for myelin

with the most recent entire-body PET-CT scanners, exploiting their dramatically improved and much greater sen-

sitivity and resolution (Cherry et al. [1], Badawi et al. [2], Sluis et al. [3]), should hypothetically enable monitoring

and measurement of increased versus decreased activity in both PNS and CNS. Institutional review board (IRB)

approval has already been obtained from the IRB at Brain Health Alliance, and will also be obtained from the IRB

of any collaborating institution that joins the study as an imaging site.

Next approach: At other collaborating sites with PET-MR scanners (instead of PET-CT scanners), recently

published multi-modal spatial resolution enhancement methods (Grecchi et al. [31]) with the wavelet transform and

statistical modeling will be applied to the image processing for the brain scans as recommended by Morbelli et

al. [30]. Actual PET scanning protocols for administration of the Amyvid imaging scans, whether with the PET-CT

scanners or the PET-MR scanners, will be harmonized as best possible by consensus between the cooperating

collaborators at the imaging sites.

Future approach: If successful with the imaging results from the initial exploratory study, the clinical trial will

be extended and continued with grant applications submitted to major funding agencies for a multi-year multi-site

entire-body PET imaging trial to increase the sample size and evaluate multiple serial scans for each patient instead

of just a single scan per research subject. The research investigation could also be expanded to include the study of
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other possible radiotracers (including those not yet FDA approved) that may be useful for monitoring demyelination,

neuroinflammation and/or microglial activation in both the PNS and CNS of MS patients (Matthews et al. [32] and

Werry et al. [33]).

Significance: Improved molecular imaging with new entire-body PET scanners that provide improved detection

sensitivity and spatial resolution for quantitative measurement of demyelination and remyelination will support better

decision-making for patient care with more robust outcome measures for monitoring therapeutic drugs evaluated in

clinical trials for the treatment of multiple sclerosis..

Objectives

To collect exploratory data using the most recent PET-CT scanners with their increased detection sensitivity

and spatial resolution for the evaluation of F18-florbetapir radiopharmaceutical uptake in the nervous system of

the entire body with special attention to correlation of radiotracer activity levels in the myelinated, demyelinated,

or remyelinated white matter of multiple sclerosis (MS) patients compared to normal healthy subjects. The pilot

study will be conducted on 20 participants as a clinical research trial of PET amyloid and myelin imaging with the

primary objective of identifying possible differences in F18-florbetapir radiotracer activity for MS patients compared

to normal healthy subjects, and the secondary objective of monitoring psychological health of those participants

who elect to be informed of imaging results and who complete a panel of psychometric scales before and after

imaging results disclosure.

Trial Design

The clinical trial study design will be established as a non-randomized prospective longitudinal cohort study

following a protocol similar to that described by Taswell et al. [17] with an approximate ratio of 3:1 for MS patients

to normal healthy subjects, ie, with a sample size of about 15 MS patients and 5 normal subjects. The protocol

for both study groups, MS patients and normal healthy subjects, will be the same. The protocol for different study

arms will be distinguished only by the make and model of the PET-CT scanner. Participants will be assigned to the

collaborating partner medical imaging site closest to their residence, and will be imaged with the scanner available

at that imaging site.

Methods: Participants, Interventions and Outcomes

Study Setting

This exploratory study has been designed as a multi-site international clinical trial with collaborations anticipated

for the initial, and if extended subsequent, clinical research trials at partner imaging sites associated with the Uni-

versity of Melbourne, Washington University St Louis, Case Western Reserve University, Mayo Clinic, Cleveland

Clinic, University California San Diego, University California Davis, University of Pennsylvania, and Thomas Jeffer-

son University. Brain Health Alliance serves as the sponsor and management site for the EPSMS clinical trial led by

Principal Investigator Dr. Carl Taswell. Brain Health Alliance will remain responsible for the design, development,

conduct, analysis and funding of the research study. Collaborating partner imaging sites and their research staff

may join the clinical trial as either co-investigators or service providers according to the nature and extent of their

contributions to the clinical trial in a manner consistent with ethical research standards for international multi-site

imaging studies.

Eligibility Criteria

Inclusion Criteria

• Adult men and women between the ages of 25 and 55 inclusive will be selected for both MS patients and

normal healthy subjects.

• MS patients diagnosed with an advanced state of the disease will be selected as evidenced by severe disability

scores (EDSS ≥ 5.5, Kurtzke [34]) with impaired motor control of extremities.

• Participants must be able to designate a study partner (family member, relative or friend) to assist and accom-

pany them throughout their participation in the clinical trial.
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• Both the participant and study partner should reside sufficiently close to the designated imaging center for

their PET scan, or otherwise must be comfortably willing and able to tolerate and to fund their own travel to

the imaging site.

• Willing and able to lie motionless in a supine position on the PET-CT scanner bed for at least 10 and up to 20

minutes.

• Willing and able to give informed consent, personal contact information (phone number, email and postal

address), their health care insurance information, and the contact information for their primary care or specialty

care physician.

Exclusion Criteria

• MS patients with any additional complicating medical illness other than MS such as major gastro-intestinal,

pulmonary or cardiovascular disease, and any other neuropsychiatric illness unrelated to MS diagnosed prior

to the onset of initial symptoms of MS.

• Participants who are unwilling or unable to identify a study partner to assist and accompany them.

• No direct care provider, who should be either a primary care physician or a specialty care physician such as

a neurologist.

• No health insurance.

• Body weight more than 200 kilograms (440 pounds).

• Claustrophobia.

• Creatinine levels > 1.5 mg/dL or estimated glomerular filtration rate (eGFR) < 60 ml/minute.

• Recent (within 90 days) contrast enhanced CT scan.

• Any known concomitant acute infection including upper respiratory infections, genitourinary infections, etc.

• History of metastatic or newly (last 5 years) diagnosed locally invasive cancer.

• Chemotherapy in the last 5 years.

• Radiation therapy in the last 3 years.

• Major surgery within the last 6 months.

• Pregnancy or breast-feeding.

• Diabetes or other metabolic-endocrine disorders.

• Inmates from jails or prisons, and involuntary patients committed to psychiatric hospitals.

• Standard MRI contraindications will be applied which include: (a) having a pacemaker or other implanted

electronic device, (b) metal foreign bodies, aneurysm clips, heart valve prosthesis, vascular stents, cochlear

implants, embolization coils, gunshot wounds with retained bullet fragments, certain types of penile implants,

and certain types of intrauterine devices.

The MRI contraindications will be applied to the initial exploratory study (even though it is PET-CT only) to enable

those early participants in this pilot study to transition later to the extended clinical trial, presumed to involve both

PET-CT and PET-MR scanners in a future multi-year study with serial scans.
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Interventions

Study Groups and Study Arms

In addition to psychometrics for psychological health (Taswell et al. [17]) on an opt-in or opt-out basis, both MS

patients and normal healthy participants will be followed with a clinician-observed disability scale (Kurtzke [34])

and a patient-reported disability scale (Collins et al. [35]). All study participants will be (a) required to sign informed

consent, (b) provided counseling by a neuropsychiatrist before and after the PET imaging, (c) required to participate

in the psychological health monitoring with completion of psychometrics before and after disclosure of the PET

imaging results if electing to be informed of the imaging results, (d) given the opportunity to decline participation in

the imaging results disclosure process in which case they will not be informed of theAmyvid imaging results involving

the nervous system that do not otherwise require emergent medical response and intervention, (e) if opting into the

imaging results disclosure process, given the opportunity to be informed about findings related to nervous system

grey matter, nervous system white matter, or both grey and white matter, and (f) given the opportunity to continue in

a longer term study in the event that the pilot study with a single scan per subject is extended to a multi-year study

with serial scans over time for the MS patients. Thus, the protocol for both study groups, MS patients and normal

healthy subjects, will be the same. However, the protocol for different study arms will be distinguished only by

the make and model of the PET-CT scanner, for example, the United Imaging uEXPLORER or Siemens Biograph

Vision. Participants will be assigned to the collaborating partner imaging site closest to their residence, and will be

imaged with the scanner available at that imaging site.

Special Circumstances

Multiple sclerosis patients with advanced disease are often treated with immunosuppressants, and remain at

much greater risk of infection during a global viral pandemic. Start of this clinical trial for multiple sclerosis patients

will be delayed and deferred until after progress has been made by government authorities with more clarity about

the public health management of the Covid-19 pandemic, and greater safety can be better assured for multiple

sclerosis patients to participate in this exploratory study. Assuming the dangers of the Covid-19 pandemic lessen

by 2021 with the arrival of safe and effective vaccines and/or anti-viral therapies, then the EPSMS clinical trial may

begin sometime next year in 2021.

PET-CT Imaging Scans

Radiopharmaceutical: Amyvid (F18-florbetapir) was approved by the US FDA in 2012 (see Alzforum [36]), and

has been used in both research trials and clinical practice extensively for almost a decade now without concerns

for any major adverse events. The most common adverse reaction has been headache affecting less than 2%

of individuals who undergo PET scans with the radiopharmaceutical as reported in the FDA-approved package

insert for the prescribing information (Eli Lilly and Company [37]). As noted by Trembath et al. [38], “amyloid PET

radiopharmaceuticals, used as directed in the product labeling, result in an effective whole-body dose of radiation

that is similar to that from an F18-FDG PET scan (7 mSv for 370 MBq [10 mCi] of F18-FDG).”

PET-CT scanner: All PET scans will be performed on state-of-the-art PET-CT scanners such as the United

Imaging uEXPLORER, the Siemens Biograph Vision, the GEDiscovery MI, the Phillips Vereos, the Canon Cartesion

Prime, similar models from the same manufacturers, and/or other comparable PET-CT scanners if and when they

become available at collaborating partner imaging sites.

Imaging protocol: PET scans with a radiotracer for amyloid imaging (Rowe et al. [39]), hypothesized also to be

useful for myelin imaging, will be performed according to a standardized protocol described by Trembath et al. [38]

to facilitate comparison with other amyloid imaging studies such as the IDEAS study by Rabinovici et al. [40]. As

discussed by Trembath et al. [38], “the recommended dose of F18-florbetapir is 370 MBq (10 mCi) in a maximum

volume of 10 mL administered via intravenous bolus, followed by a saline flush” with PET images acquired for 10

minutes beginning 50 minutes after intravenous injection. Radiopharmaceutical doses used will be no greater than

those described by Trembath et al. [38], but may be lower if possible as permitted by the greater sensitivity and

resolution of the new PET scanners ([1]–[3]). PET scans performed at the imaging sites will be supervised and

monitored by board certified nuclear medicine physicians who will manage and treat any allergic reaction to the

Amyvid radiopharmaceutical that may be experienced by a research participant if and when such a rare adverse

event occurs.

There are no special preparations required for participants prior to arriving at the scanner site on the day of

their PET imaging visit. A nuclear medicine technologist will screen the participants to evaluate their readiness

https://usa.united-imaging.com/products/molecular-imaging/uexplorer/
https://www.siemens-healthineers.com/en-us/molecular-imaging/pet-ct/biograph-vision
https://www.siemens-healthineers.com/en-us/molecular-imaging/pet-ct/biograph-vision
https://usa.united-imaging.com/products/molecular-imaging/uexplorer/
https://usa.united-imaging.com/products/molecular-imaging/uexplorer/
https://www.siemens-healthineers.com/en-us/molecular-imaging/pet-ct/biograph-vision
https://www.gehealthcare.com/products/molecular-imaging/pet-ct/discovery-mi
https://www.usa.philips.com/healthcare/product/HC882446/vereos-digital-petct-proven-accuracy-inspires-confidence
https://us.medical.canon/products/molecular-imaging/cartesion-prime/
https://us.medical.canon/products/molecular-imaging/cartesion-prime/
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for the PET-CT scan with the required form approved by the local imaging center. A urine pregnancy test will be

administered at no charge to all women of child-bearing potential. An intravenous (IV) line will be placed in the

forearm by the study PET-CT technologist or nuclear medicine physician and the participant will be positioned

supine on the scanner bed. Approximately 10±2 mCi of F18-florbetapir (Amyvid from Avid Radiopharmaceuticals)

will be hand injected through the IV and at the 50 minute timepoint post-injection, a 10-minute PET acquisition scan

will begin on the PET-CT scanner. For those subjects who can tolerate a longer scan without significant discomfort,

and who elect to do so via an opt-in process, the 10-minute scan (from 50 - 60 minute timepoints post-injection) will

be continued and extended to a 20-minute scan (from 50 - 70 minute timepoints post-injection). This PET scan will

be followed by an ultra low-dose (estimated at 1-2 mSv) CT scan. The IV line will be removed after completion of

the PET and CT scans.

Image Reconstruction and Analysis: Data from the PET-CT scanner will be acquired in listmode. Data from

the CT scan will be used for attenuation correction when processing the data from the PET scan. Data will be

reconstructed using the PET-CT scanner manufacturer’s recommendations.

Risk summary: With each participant imaged by only a single PET-CT scan in this initial exploratory study,

participants’ exposure to radiation from the CT component of the PET-CT scanner and radioactivity from theAmyvid

radiopharmaceutical will be no greater in amount, with no greater risk of adverse events, than that experienced

already in the past by the many individuals who have safely tolerated PET-CT scans with Amyvid over the past

decade.

Outcomes

Psychometrics, MS disability scores, and PET imaging results for the participant groups will be analyzed with

statistical methods similar to those described by Taswell et al. [16], [17]. PET scan images will be examined for

relative increases and/or decreases in local radiotracer activity in target regions compared to reference regions,

both qualitatively and quantitatively in an exploratory manner to discover any potential differences between MS

patients and normal healthy subjects. Quantitative analysis for PET amyloid imaging SUV ratios (see methods

used in recent study by Chiao et al. [41]), and analogously for myelin imaging SUV ratios, will examine different

reference regions in the brain and spinal cord for comparison of relative increases or decreases of activity in the

target regions of the brain and spinal cord. Identified lesions for each subject will be located, counted and measured

in the brain, spinal cord and peripheral nerve roots.

Timelines

Subject participation: All subjects in both study groups, ie, in the MS patient group and the normal healthy

subject group, will participate in the same study protocol involving one imaging visit of a half day, and possibly two

educational counseling visits of a quarter day each before and after the imaging visit if the participant elects to be

informed of the imaging results.

Enrollment duration: We anticipate completing enrollment within 6 months after start of the study.

Data analysis duration: We anticipate completing initial data analysis within 12 months after start of the study.

Study initiation: Start of the study will be deferred until after concerns subside about COVID-19 and the current

global viral pandemic. MS patients will not be invited to participate in the study until after public health authorities

stabilize and normalize the situation with regard to public health precautions that include physical distancing to

prevent the spread of the virus.

Sample Size

Because this study is only exploratory and limited to an initial small number of participants for a novel approach

to use of PET-CT scanners and F18-florbetapir for monitoring demyelination and remyelination in multiple sclerosis,

no formal statistical power analysis has been presented for this pilot study. Instead, exploratory data analysis will

be conducted to examine the distribution of the data which will be obtained from the small sample size of only 20

subjects expected to participate in the study.

Participant Recruitment

The initial pilot study will recruit 20 participants with an approximate ratio of 3:1 for MS patients to normal healthy

subjects. MS patients will be recruited via publicity at the web sites of Brain Health Alliance, the various multiple

https://www.BrainHealthAlliance.org
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sclerosis organizations including the National Multiple Sclerosis Society, and clinical neurology departments in-

cluding potential collaborations with those at the University of Melbourne, Mayo Clinic, Washington University St

Louis, University California San Diego, University California Davis, Case Western Reserve University, University of

Pennsylvania, and Thomas Jefferson University. Normal healthy subjects may be recruited with the assistance of

successfully recruited MS patients so that each pair of healthy subject and MS patient can serve as mutual study

partners for each other.

At the time of the consenting and screening visit, a study-specific inclusion and exclusion criteria form will be

used to determinate eligibility for this study after obtaining informed consent. The consenting and screening visit

with the subject will occur via televideo conferencing or at the subject’s referring doctor’s office not earlier than 4

weeks before the imaging visit at the scanner site. Study participants will be screened for eligibility at the time of

the consenting and screening visit after signing the consent form. All subjects must submit their medical records

from their primary care physician including recent laboratory results. The study doctor will review the results (in the

subjects to whom any of these tests apply) and will report on the screening form the results and will state eligibility

of the subject for the study.

Methods: Data Collection, Management and Analysis

Data Collection

At the time of PET-CT scan data acquisition, subject identifiable information will be entered in the research

database, nuclear medicine department’s medical imaging system (MIS), Radimetrics dose reporting system and

electronic medical record (EMR) used by the local imaging center. Electronic image files, radiation dose reports

and pertinent medical information will be stored on dedicated encrypted password-protected hard disks and work-

stations at the local imaging center, then also submitted to and shared with the research study management site at

Brain Health Alliance, which research staff may access. For use with staff who must interact directly with research

participants, electronic files will contain the requisite patient identifiers to assure that data is recorded correctly and

consistently. However, when this data is transferred for analysis by other staff on other computers or devices, it will

be appropriately de-identified and anonymized. Research participants will be assigned a unique code number used

to identify them in a separate database maintained independently of the database used for tracking de-identified

participants. Only members of the research study team will have access to the data.

Data Management

All imaging data will be banked indefinitely for future use. Data will be stored on the computers at the local

imaging center scanner site, also transmitted to and stored on the computers at the Brain Health Alliance study

management site, on dedicated encrypted password-protected hard disks and workstations with access limited to

authorized personnel. Electronic image files, radiation dose reports and pertinent medical information will be stored

on the nuclear medicine department MIS and EMR systems at the local imaging center. A radiation dose report

will be generated. This radiation dose report will be part of the banked data and will contain Protected Health

Information. It will be sent to the Radimetrics system, which is a mandated tracking system for lifetime radiation

dose. Future use of banked data may include improved image analysis, use as a normal atlas comparator, and use

for other research purposes. Anonymous data may be shared with other entities if appropriate data use agreements

are in place. The names and locations of these entities will be added to this protocol prior to sharing data via IRB-

approved modifications.

Statistical Methods

Psychometrics, MS disability scores, and PET imaging results for the participant groups will be analyzed with

statistical methods similar to those described by Taswell et al. [16], [17]. Image quality, quantitative comparisons

and preliminary biodistribution data collection will be performed by means of regions of interest (ROIs) drawn in

different organs and tissue types where pixel intensity and coefficient of variation within ROIs will be computed and

recorded. Graphical methods including box-plots and histograms will be employed to examine the distributions of

the measures. For all continuous variables, robust descriptive statistics, including medians, interquartile ranges,

and percentiles will be computed. For categorical data, frequency, proportions, and percentages will be calculated.

For calculation of effect sizes for differences, robust statistical estimators recently developed by Taswell and Taswell

[42] will be used.

https://www.nationalmssociety.org
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Withdrawal of Subjects

Subjects will be withdrawn from the study without their consent if: (a) They do not follow the study rules or they

no longer meet the requirements to participate in the study. (b) The study is stopped by the sponsor or researcher

investigators. (c) The study doctors and/or research staff feel it is in the participant’s best interest to discontinue

participation. Such circumstances may include adverse events such as unanticipated discomfort from lying on the

scanner bed, or feelings of claustrophobia from being inside the scanner bore.

Methods: Monitoring

Data Safety Monitoring

Throughout the research study, members of the research team will consult with the Radiation Safety Officer and

Institutional Review Board (IRB) at each collaborating local imaging center regarding the monitoring and reporting

of adverse events and follow their recommendations. Any protocol changes involving the radiation dose will require

and receive approvals from the local Radiation Use Committee prior to submitting a modification request to the local

IRB at the imaging site. Protocol changes will not be implemented prior to local IRB approval unless necessary to

eliminate apparent immediate hazards to the research subjects. If any incidental findings or adverse events occur,

they will be managed as described below.

Incidental Findings and Adverse Events

PET-CT images obtained in this study are intended for research. They are not meant to evaluate the subject’s

health as they would if obtained as part of a clinical (non-research) visit to an imaging clinic or medical center. These

research scans will not receive routine clinical review by radiologists specially trained to interpret PET-CT scans. As

a consequence, not all abnormalities or incidental findings, especially those unrelated to the nervous system, may

be noticed by the research investigators examining the PET-CT scans. However, if during the researchmanagement

of these PET-CT images, the PET-CT technicians performing the research scan does notice a possible concern,

they will notify the study doctor, who will obtain consultation with a subspecialized radiologist on the questions.

When the clinical radiologist examines the images, the subject’s name will not be revealed in order to protect the

subject’s identity.

The study doctor will discuss these possible concerns with the subject within 4 weeks if not critical, or else im-

mediately upon recognition of any critical finding that requires urgent intervention as required by the critical findings

policy of the local imaging center where the PET-CT scan was acquired. The study doctor will assist the subject to

obtain a more complete review of his/her PET-CT scan by a trained subspecialized physician who can determine if

any clinical health condition may be present. If the specialist remains concerned about the presence of an active

clinical problem, then the subject will be given a copy of the PET-CT scan to take to the physician of his/her choice.

If the subject prefers, the PET-CT scans can be sent electronically. However, such digital transfers do incur a small

risk that another person could view the files sent electronically via the internet.

A letter will be sent to the subject’s chosen doctor stating that (i) the subject agreed to enroll in this research

study, (ii) the images were collected and incidental findings that may be related to a medical condition were observed

by the research study doctor and/or a specialist physician at the imaging center; (iii) the subject was provided with

images that can be taken to the subject’s doctor; (iv) the images did not receive any dedicated routine clinical review

and all abnormalities may not necessarily have been noticed; (v) the PET-CT images were obtained for research

and were not meant to evaluate the patient’s health as they would be if they were part of a clinical (non-research)

visit to an imaging clinic, doctor or hospital; (vi) the subject’s personal physician may contact the research study

doctor at any time regarding any concerns about the research study or the subject’s PET-CT imaging results.

If there are any incidental findings or adverse events that cause the subject to fail the inclusion/exclusion criteria

(e.g. marked claustrophobia or allergic reaction with an incomplete scan, incidental finding of metastatic cancer,

etc.), these occurrences will be reported and the subject will be excluded from the study. Another participant will be

added to the study to meet the recruitment target number of subjects.

Auditing and Breach of Confidentiality

Quality control will include regular data verification and protocol compliance checks by the management site

PI and by the local imaging site coordinator or co-investigator. Confidentiality will be protected through periodic
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assessment, as new study materials and communication methods among research staff develop. Breaches of

confidentiality at any local imaging center will be reported both to the local IRB and to the PI at the BHAmanagement

site using the forms required by both the local IRB and the BHAmanagement site.

Ethics and Dissemination

Potential Benefits to Subjects

The benefit to subjects from joining the research study will be, contingent on their agreement to participate in

the disclosure of imaging results to their treating physician, that their direct care provider may receive the imaging

results from their PET scan and may use that information in supporting their future care. Additionally, subjects may

benefit from increased knowledge about the PET scan’s influence on clinical decision making andmedical outcomes

when the research study results become available. In the future, knowledge learned during this study could help

guide the appropriate use of PET scan imaging in patients whose conditions are difficult to diagnose and monitor.

Potential Risks to Subjects

Risks to subjects may include adverse events, radiation risks, and unknown possible consequences related to

incidental finding from the PET-CT scan:

• Discomfort and/or fatigue from lying on the scanner bed.

• Claustrophobic symptoms while lying inside the scanner bore.

• Bruising and/or infection at the IV site used for administering the Amyvid radiopharmaceutical.

• Adverse events in response to theAmyvid radiopharmaceutical including the possibility of an allergic reaction.

• Radiation risks: This study involves a radiation exposure that is typical of other diagnostic tests using ionizing

radiation. The amount of radiation exposure received in this study remains limited to levels lower than those

believed to result in any significant risk of harmful effects.

• Incidental findings: The PET-CT scan may detect possible incidental findings and/or false positive findings

that may require clinical follow-up (ie, non-research imaging, medical or surgical health care) associated with

all the risks that accompany these subsequent medical or surgical procedures if pursued. Such risks range

from minor to major including permanent disabilities and death. If any incidental findings are detected by the

PET scan, then these results will be managed as described above.

Economic Burden to Subjects

Subjects will not be charged for their participation in this research study. In case of abnormal, uncertain and/or

incidental findings, the subject may decide in agreement with his/her referring specialist doctor or primary care

doctor to further investigate and the cost of this health care will be borne by the subject and/or his/her insurance.

Community-Based Participatory Research

This research study does not involve community-based participatory research.

Investigational Drugs or Devices

There are not any investigational drugs or devices involved in this research study.

Review Requirements

There are not any contractual obligations or other considerations that require IRB review of this research, or

review at intervals other than those required by the US FDA or Common Rule.
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Research Ethics Approval

This Brain Health Alliance research protocol BHA-2020-11 has been approved by the BHA Institutional Review

Board chaired by Dr. Julie Neidich of Washington University St Louis. This protocol has also been approved by the

UC Davis Health Radiation Use Committee.

Protocol Amendments

The PI and members of the research team will consult with the Radiation Safety Officer and Institutional Review

Board (IRB) at each collaborating local imaging center prior to making any changes in the study protocol. If any

changes are made to the study protocol, then all relevant parties will be notified promptly.

Informed Consent

Informed consent for all study participants will be obtained by the PI and research team at Brain Health Alliance.

Additional informed consent may also be obtained by collaborating investigators or service providers at each local

imaging site where the PET-CT scans are performed.

Provisions to Protect the Privacy Interests of Subjects

The investigator obtaining consent from the research participant will meet with the candidate in a private setting

and will dedicate sufficient time to explain the study procedures and answer any questions. It will be explained

that participation is strictly voluntary and declining to participate will not affect them in any way. A HIPAA disclosure

form will be signed by research participants residing in USA to allow access to their medical records. Research

participants who reside in other countries will be asked to sign any corresponding disclosure form if their jurisdiction

of residence requires it.

Sharing of Results with Subjects

PET scan results for each subject will be shared with that subject and their direct care physician on an opt-in or

opt-out basis with respect to the findings regarding either nervous system grey matter, nervous system white matter,

both or neither as described above. Moreover, if any incidental findings unrelated to the nervous system may be

detected by the PET scan, these imaging results will be managed as described above.

Compensation for Research-Related Injury

If a research subject is injured as a result of participating in this imaging study, the medical center associated

with the local imaging site will provide the necessary medical treatment. Depending on the circumstances, the costs

of this medical treatment may be covered by the local medical center or may be billed to the participant’s health

insurance company in a manner similar to that for other health care costs. However, the local imaging site and

the study sponsor do not normally provide any other form of compensation for injury. For more information about

compensation, the subject may contact the local imaging site and medical center where the research participant

obtains the PET-CT scan.

Dissemination Policy

All appropriately anonymized and de-identified individual participant data will be shared with collaborating inves-

tigators at the partnering medical imaging sites prior to publication of the trial results, and with other investigators

after publication of the trial results.
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Table 1: WHO Trial Registration Data Set for EPSMS Clinical Trial

Data category Information

Primary Registry and

Trial Identifier

ClinicalTrials.gov Identifier NCT04390009.

Registration Date in Pri-

mary Registry

14 May 2020.

Secondary Identifying

Numbers

Brain Health Alliance Research Protocol BHA-2020-11.

Sources of Monetary or

Material Support

Brain Health Alliance for monetary support; Avid Radiopharmaceuticals for material

support providing use of the Amyvid radiopharmaceutical; collaborating medical

imaging centers for material support providing use of PET-CT scanners.

Primary Sponsor Brain Health Alliance, a US 501-c-3 not-for-profit organization for research and ed-

ucation in brain health sciences, engineering, and medicine.

Secondary Sponsor None.

Contact for Public

Queries

Dr. Julie Neidich, 1-949-973-7714, jneidich@BrainHealthAlliance.org, Brain Health

Alliance, 8 Gilly Flower St, Ladera Ranch, CA 92694 USA.

Contact for Scientific

Queries

Dr. Carl Taswell, 1-949-481-3121, ctaswell@BrainHealthAlliance.org, Brain Health

Alliance, 8 Gilly Flower St, Ladera Ranch, CA 92694 USA.

Public Title Entire-body PET Scans for Multiple Sclerosis (EPSMS).

Scientific Title Research Protocol for Exploratory Study of Entire-body PET Scans for Multiple

Sclerosis (EPSMS).

Countries of Recruit-

ment

North America, Europe, Australia.

Health Condition Stud-

ied

Multiple sclerosis.

Interventions Entire-body PET-CT scans withAmyvid radiopharmaceutical with study arms by dif-

ferent PET-CT scanners such as United Imaging uEXPLORER, Siemens Biograph

Vision, and other new state-of-the-art scanners. Disclosure of imaging results from

the scans.

Key Inclusion and Exclu-

sion Criteria

Inclusion Criteria: (a) Men and women between ages 25 and 55 inclusive. (b)

MS patients with advanced state of the disease as evidenced by severe disability

scores (EDSS > 5) with impaired motor control of extremities. (c) Normal healthy

subjects. (d) Willing and able to lie motionless on the PET-CT scanner bed for at

least 10 minutes and up to 20 minutes for the duration of the PET-CTmedical imag-

ing scan. Exclusion Criteria: (a) Any additional complicating medical illness other

than MS including any other neuropsychiatric illness unrelated to MS diagnosed

prior to the onset of initial symptoms of MS. (b) Pregnancy or breast feeding. (c)

Diabetes or other metabolic-endocrine disorders. (d)Any known concomitant acute

infection. (e) History of metastatic or locally invasive cancer. (f) Recent surgery,

chemotherapy or radiation therapy.

Study Type Non-randomized prospective longitudinal study with intervention of Amyvid radio-

pharmaceutical imaging with entire-body PET-CT scanners and parallel study arms

corresponding to different makes and models of PET-CT scanners.

Date of First Enrollment Anticipated after 1 January 2021.

Sample Size None enrolled yet; planned enrollment of 20 participants.

Recruitment Status Pending.

Primary Outcome Amyvid radiotracer activity levels in the myelinated, demyelinated, or remyelinated

white matter of MS patients compared to normal healthy subjects.

Secondary Outcome Psychometric surveys of psychological health of participants before and after dis-

closure of imaging results from the PET-CT scans.

Ethics Review Research protocol BHA-2020-11 was approved on 16April 2020 by the Institutional

Review Board of Brain Health Alliance chaired by Dr. Julie Neidich, 1-949-973-

7714, jneidich@BrainHealthAlliance.org, Brain Health Alliance, 8 Gilly Flower St,

Ladera Ranch, CA 92694 USA.

Completion Date Anticipated 1 March 2022.

IPD Sharing Statement All appropriately anonymized and de-identified individual participant data will be

shared with collaborating investigators at the partnering medical imaging sites prior

to publication of the trial results, and with other investigators after publication of the

trial results.
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