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Introduction:

a. The goal of this project is to elucidate the factors contributing to chronic pelvic pain (CPP)
associated with endometriosis and to understand the mechanisms that sustain or resolve
chronic pain. The hypotheses to be studied are (1) intermittent or ongoing pain in patients with
endometriosis produces a sensitized peripheral and central nervous system (peripheral and
central sensitization) that becomes maladaptive (centralization of pain) in patients who chronify
versus those that do not and (2) there will be differences in brain circuit responsivity with age.
The project’s specific aims are to (1a) define changes in brain structure and function as a
correlate of subjective measures of pain and psychophysical functioning in adolescent, young
adult, and adult women with surgically confirmed endometriosis versus healthy controls; (1b)
correlate psychophysical measures (Quantitative Sensory Testing [QST] responses and
psychological questionnaires) and brain changes with levels of Offset analgesia (OA); (2a)
longitudinally compare brain metrics before and after surgery (structure and function) using
functional Magnetic Resonance Imaging (fMRI) with the same subjective measures noted in Aim
1 (QST responses and psychological questionnaires) in young women (ages 12-25) presenting
for surgery for endometriosis; (2b) correlate psychophysical measures with levels of OA; and (3)
compare brain metrics of adolescents, young adults, and adult women with endometriosis in
Aim 1 with female patients ages 12 to 44 with migraines in the existing databases who have
undergone structural and fMRIs.

Il Keywords

a. Pain; Endometriosis; Adolescent; fMRI; Age-related changes; Neurobiology; Central

Sensitization; Quantitative Sensory Testing: Offset Analgesia

I"l. Accomplishments

a. Major goals. The major goals of the project fall under 3 specific aims (see Introduction).

i. Within Aim 1 and 2, the major tasks to be completed during this reporting period
included participant recruitment. Aim 3 will begin when participant recruitment is

completed for Aim 1.

ii. Enrollment: This was proposed to begin in month six and cease in month 32. We began
recruitment and testing in July 2021 due to COVID related delays.

iii. Recruitment: The recruitment goal for Aim 1 is 20 participants in each age group for Aim
1 (not including 10% attrition rate) in the three cohorts of women, all post-pubertal (ages
12-17;18-25; 26-44) with surgically confirmed endometriosis and healthy age- matched
controls. See Table 1 for current recruitment status and distribution.

TABLE 1: Recruitment distribution for Aims 1 and 2. A total of n=23 individuals expressed interest in
participating, however, they did not meet inclusionary eligibility criteria for this study.

MRI Healthy Controls Endometriosis Patients
Completed study n=1 n=0
Scheduled for study visit n=5 n=2
fNIRS Healthy Controls Endometriosis Patients
Completed study n=6 n=3
Scheduled for study visit n=3 n=1
Ineligible n=15 n=8

b. Recruitment of Research Assistant/Post-Doctoral Fellow: An additional RA has been hired, as
Ms. Lunde is a current Doctoral Candidate and does not require full funding. Ayeong Kim, BA
has been hired as an RA who began working on the project in July 2021. Ms. Kim is funded
from Dr. Sieberg’s budget. She has previously worked with Dr. Borsook and Dr. Holmes as an

undergraduate research intern during her senior year at Boston University. Throughout her time
in the lab, Ms. Kim has been trained in Quantitative Sensory Testing by Ms. Lunde, conducted a
QST protocol in prior studies, fNIRS and MRI study visits, and has experience in participant



recruitment along with data management and analysis. Ms. Lunde is working closely with Ms.
Kim (both at 50% effort) to finish the project set up regarding the new COVID-19 challenges,
new BCH imaging center, as well as fully train Ms. Kim in all QST and the fMRI procedures.

c. Training of new RA, Post-Doctoral Fellow, and student interns on QST and pain psychophysics:
Ms. Lunde, Ms. Kim, and Dr. Szabo have completed extensive training for neuroimaging
protocols at Boston Children’s Hospital. They have completed 10 hours of shadowing MRI
scans, completed all MRI training modules, programmed all new equipment, and created the
REDCap project to collect all questionnaire data on an iPad. Miss Lunde has mentored and
trained all student interns on QST and pain psychophysics.

d. Milestones achieved for Aim 1, 2 and 3

i. Commentary on the use of Offset Analgesia (OA) to assess endometriosis-associated
pain entitled: Commentary: Novel use of Offset Analgesia to assess adolescents and
adults with treatment resistant endometriosis-associated pain. The manuscript, which
was proposed to begin in month 6 of the grant was published in November 2020
(PMID:33204144) (Authors: Lunde, Szabo, Holmes, Borsook, & Sieberg).

ii. A paper (in preparation) on pilot fMRI resting state and psychological data on a cohort of
adolescent women with surgically confirmed endometriosis that will be submitted to Pain
in October 2021. Drs. Sieberg & Szabo had access to this data from a larger chronic
pain study that was conducted at BCH and they are using this data to inform key regions
of interest in the resting state analyses for the current project.

iii. A second review paper (in preparation) will be submitted to the Journal of Pain in
December 2021 on the topic of descending/endogenous analgesia in an fMRI setting for
chronic pain conditions, with the proposal of a new theoretical model for assessing and
understanding endometriosis-associated pain (Authors: Szabo, Lunde, Kim, Holmes, &
Sieberg).

iv. Conduct experiments: brain imaging; QST and OA. All equipment has been ordered and
all training for the research team has been completed. We have established our novel
MRI-based OA paradigm with the Department of Radiology. The user interface (see
Figure 1) is very easy to use for subjects and is similar across MRI and fNIRS objectives
to enable comparison of data after study completion between modalities. Completed
mock fMRI, QST, and OA testing with the Department of Radiology at BCH has shown
feasibility and safety.

FIGURE 1: User interface of the electronic Visual Analogue Scale (eVAS). The interface is user-friendly and is
controlled by subjects via two keys that are marked with up and down arrows to move the slider on the scale
down (less pain) and up (more pain), accordingly. This eVAS allows us to calculate the behavioral OA.

Please Rate Your Current Level of Pain

v. Reporting results to community of interest: For Aims 1 and 2, preliminary images from
testing of OA paradigms (See Figure 2) shows that we are able to obtain high quality
structural and functional brain imaging scans (See Figure 3) on this new research grade
MRI scanner.



TABLE 2: Demographics for preliminary sample.

Race and ethnicity distribution Healthy Controls (n=8) Patients (n=3)

White, not of Hispanic origin n=6 n=3
Asian, or Pacific Islander n=2 n=0
Age Healthy Controls (mean; range) Patients (mean; range)

22 years (20-24) 22 years (20-23)

TABLE 3: Results for preliminary questionnaire data. These values were calculated on SPSS. Perceived
stress, depression, anxiety, and pain interference, as measured by the PROMIS measures, are T-scores
where M=50, SD=10 and T=60 begins clinical elevation. Of note, this preliminary sample is not experiencing
clinically elevated symptoms of depression, but some controls and patients are endorsing clinically elevated
symptoms of anxiety. Interestingly, both healthy controls and patients with endometriosis are endorsing
moderate to high levels of fear of pain. We have randomized the order of testing (i.e., imaging/sensory tests
first followed by self-report questionnaires & vice-versa). As the sample size increases, it will be interesting to
further explore the role of fear of pain and anxiety on the OA response. Similarly, there is a range of
catastrophizing scores (e.g., a total score of >30 is clinically elevated). As literature has demonstrated (Roberts
et al, 2006), there tends to be wide variability around the mean total catastrophizing score, even in healthy
controls. We are excited to further explore the role of catastrophizing in the relationship of the OA response. Of

note, the current sample has a wide range of perceived stress, which we will also continue to further explore

with our larger sample.

Questionnaires Healthy Controls Patients

n Mean Range n Mean Range

Fear of pain (Child report) (SD) (SD)
36

4 (22.46) 18-67 1 31" 31"
Fear of pain (Adult report) 71

4 (23.90) 42-93 1 65" 65"
Perceived Stress 49.01 54.63 38.70-

8 (12.90) 33-67.6 3 (14.26) 66.20
Depression 46.85 37.10- 59.7 57.90-

8 (9.35) 58.80 2 (1.27) 59.70
Anxiety 54.16 37.10- 55.13 37.10-

8 (8.93) 67.70 3 (17.43) 71.90
Pain catastrophizing 12.63 22.5

8 (12.89) 1-36 2 (7.78) 17-28
Pain interference 22.8 40.70- 50.13 40.70-

8 (8.14) 63.50 3 (8.56) 57.40

*No SD could be calculated due to only one data point being available at this point in time.

TABLE 4: Behavioral Offset Analgesia (OA) Preliminary Data from two controls and two endometriosis
patients. These values were calculated from pain scores during the offset portion of each pain condition.

Each data point was taken at the same point in each trial, from the point at which the participants experienced
the greatest pain and the lowest pain. Of particular interest, the patients experienced an increased response
towards the end of the thermal pain trials (at fourth trial), while controls had a diminished or relatively constant
response throughout.

Questionnaires Healthy Controls Patients
Control 1 Control 2 Patient 1 Patient 2
First Trial 5 2 3 3
Second Trial 3 1 3 5
Third Trial 1 1 2 3
Fourth Trial 0 2 4 6




Mean eVAS
change 2.25 1.5 3 4.25

FIGURE 2: Graph of preliminary behavioral offset analgesia data from two controls and two endometriosis

patients. Controls are shown in the blue and orange lines, while endometriosis patients are shown in grey and

yellow. The x-axis shows the trials over time, with 1 being the first trial of the thermal pain paradigm, and 4
being the final. The y-axis shows the offset analgesia value. This figure takes the data from Table 4,

exemplifying how controls have an offset analgesia response that is expected of healthy, pain-free individuals,

but endometriosis patients, who experience chronic pain, show an abnormal response and a lack of the

expected offset analgesia effect. Endometriosis patients 1 and 2 show an increasing trend, which is not shown

by controls. As we gain more data, we expect to continue to find these changes in the endometriosis cohort

and better determine the trends we see in a chronic pain cohort when compared to healthy, pain-free controls.

Behavioral Offset Analgesia Preliminary Data

Trial Number

Control 1 Control 2 Endometriosis 1 Endometriosis 2

FIGURE 3: Brain images from an exemplar participant collected on the new Siemens PRISMA research

scanner showing a normal T1-weighted image (top row), brain parcellation using Freesurfer (middle row), and

their raw resting state fMRI (bottom row). Coronal, axial and sagittal images are presented from left to right.

Raw T1-Weighted Image

Parcellation
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FIGURE 4: Mean amplitude of low-frequency cortical fluctuations in one control participant and one participant
with endometriosis during 2 minutes of pressure pain stimulation (VAS 4/10). Amplitude of low-frequency
fluctuations (ALFF) were calculated as the power of the hemodynamic signal at 0.01-0.1 Hz. Endometriosis
participant when compared to control participant exhibited reduced amplitude of cortical signal in the prefrontal
cortex and greater amplitude of cortical signal in the medial and right primary somatosensory cortex during
ongoing painful stimulation. These findings are consistent with previous studies where decrease in ALFF of
prefrontal cortex and increased ALFF of postcentral gyrus is observed in chronic neuropathic pain (PMID:
30588078) and chronic low-back pain (PMID: 30948036) populations. IPFC: lateral prefrontal cortex, mPFC:
medial prefrontal cortex, S1: primary somatosensory cortex, mS1: medial primary somatosensory cortex.

3 Mean Amplitude of Low Frequency Fluctuations during pressure pain task
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FIGURE 5: Resting-state functional connectivity (RSFC) in one control participant and one participant with
endometriosis. RSFC was computed using a pair-wise Pearson’s r correlation of six regions of interest.
Endometriosis participant when compared to control subject demonstrated higher localized connectivity within
both prefrontal cortex and somatosensory cortex. Color bar indicates the Pearson’s r correlation i.e., strength of
connectivity where hot and cold colors indicate positive connectivity. IPFC: lateral prefrontal cortex, mPFC:
medial prefrontal cortex, S1: primary somatosensory cortex, mS1: medial primary somatosensory cortex.

Control Endometriosis

LIPFC

mPFC

RJIPFC

Ls1

mS1

R.S1

LIPFC mPFC RIPFC LS1 mS1 RS1 LIPFC mPFC RIPFC LS1 mS1 RS

11



For Aim 3 (comparing brain mechanism in adolescent, young adult, and adult women with endometriosis to
female patients with migraines), neuroimaging data will be obtained from our existing Pain and Affective
Neuroscience Center (former Center for Pain and the Brain) database. Participants with migraine will be drawn
from a larger study cohort including approximately 55 adolescents with migraine (25 females, 8—17 years old,
M age=12.7 years, SD=2.9) and 48 young adult and adult women with migraine (35 females, 18-61 years old,
M age= 39.7 years, SD=12.2). Overall, a sample size of n=20 for each of the age cohort will be used to
compare structural and resting-state functional MRI data in these two patient groups.

V. Impact
a.

vi.  Plan for next reporting period to accomplish goals: During the next 6 months (now until
Feb 2022), the research team plans to submit two manuscripts peer review journals
and recruit 30 participants across both Aims 1 & 2. We also plan to test the remaining
fNIRS participants and begin data analysis and manuscript preparation for the fNIRS
pilot study.

Impact on the development of the principle discipline of the project: This is the first study to
explore the brain systems contributing to chronic pelvic pain (CPP) in women, adolescents to
adults, with endometriosis. The results from this study will (1) enhance our understanding of the
neurobiology of chronic pelvic pain (CPP); (2) provide a metric to follow patients with co-morbid
endometriosis and CPP in the clinic; (3) potentially provide a metric for those who will chronify
after surgery; (4) contribute to an understanding of the age-related changes that may occur with
the disease; and (5) define an initial paradigm that may enhance our capability for developing
individually tailored patient-oriented interventions at both a behavioral and pharmacological
level.

Impact on other disciplines: This project has a goal of using the disease process as a basis for
new treatment approaches. While endometriosis can be treated by surgical excision of the
lesions and/or hormonal treatment, sometimes combined with anti-inflammatory drugs, there is
no cure and there are no existing treatments for the approximately 30% of women who report
ongoing pain after surgical excision of the lesions. By understanding the neural underpinnings of
the disease and risk factors for chronification, findings from the proposed project could provide a
basis for evaluating novel treatments and potentially lay the foundation for successful
personalized, precision medicine to shorten diagnostic delay and maximize successful pain
remediation. New treatments are needed in the context of effective approaches. This is
especially important in the current opioid epidemic with new research highlighting that 24% of
Obstetrician/Gynecologists prescribe opioids for endometriosis-related pain. Additionally, this
project will aid in the development of biomarkers for endometriosis. The current study utilizes a
number of potential biomarkers that can be used to understand disease state, disease
responsivity (progression, stasis or regression) or treatment effects.

Impact on technology transfer: The use of fNIRS is an innovative and novel technological tool
for elucidating pain mechanisms in patients with endometriosis, as it has never been used on
this population. The near infrared imaging tool is used for testing cognitive functionality and
neural communication and uses a specific technique for measuring NIR light absorbance in
blood of hemoglobin with and without oxygen and detects ongoing neural activity and
connectivity. The use of fNIRS technology to assess the brain of patients with endometriosis
may provide novel insights into therapeutic targets or appropriate individually tailored patient-
oriented intervention strategies for the development of persistent endometriosis-associated
pain.

Impact on society beyond science and technology: The information garnered form this research
can be extrapolated to all women, military or civilian, as endometriosis impacts approximately
10-20% of women and is the leading cause of pelvic pain. Given that chronic pain, including
CPP, encompasses alterations in sensory, emotional, cognitive, and autonomic brain function
that may significantly alter behavioral adaptation to various work, home and social environments
during and after service or as a spouse to a serving member, an understanding of these
mechanisms can provide a basis to mitigate the effects (through current and future treatments)

of this condition in women during their most productive years and improve overall function.
N



V.

VI.

Changes and Problems

a.

b.

Changes in approach and reasons for change: Changes in project oversight often leads to a
disruption in a project’s proposed timeline. The research team has successfully managed the
transition from Dr. Borsook to Dr. Holmes as he has been involved in the current project as a
Co-Investigator since Spring 2020 (see previous progress report). Dr. Holmes has worked with
Dr. Sieberg for over 3 years where they have collaborated on several successful projects.

Actual or anticipated problems or delays and actions or plans to resolve them: The project
recruitment targets have been delayed due to COVID-19. During the delay, the research team
published a manuscript related to the project and completed project setup for the fNIRS pilot
sub aim. Within the Year 1 progress report, the research team had proposed three models.

i. Model 1: Connecting with neighboring Harvard affiliated hospitals (i.e., Brigham and
Women’s Hospital, Beth Israel Deaconess Medical Center, and Massachusetts General
Hospital) to increase our recruitment opportunities. Dr. Sieberg has contacted Dr. Maria
Milcetic Comer, a Gynecological surgeon at Brigham and Women’s Hospital, who will
allow recruitment in her clinic. By collaborating with other surgeons (currently were only
working in Dr. Laufer’s clinic at BCH and BWH) we may increase the number of
participants tested per week.

ii. Model 2: Due to the research imaging center with new scanners planned for the Spring
of 2021, one possibility was to change the imaging site to another HMS affiliated
hospital. Specifically, with this move, it was not ideal to begin testing participants on one
scanner and then change during the course of the study. While there was delay to the
opening of the new center, it did open in Summer 2021 and fortunately, the research
team has been able to proceed with scheduling and testing MRI participants without
having to move the scanning to another HMS affiliated hospital.

iii. Model 3: Switching from fMRI to Near Infrared Spectroscopy and Imaging (fNIRS). The
research team did not switch to fNIRS, however, a sub-aim pilot study was added to the
SOW. Including the pilot study using fNIRS has increased greatly flexibility (equipment is
portable and can be completed in Dr. Sieberg’s lab thus avoiding COVID related
scheduling issues with the Radiology Department). It is also less expensive and does
not require a $550 fee for each participant.

c. Changes that had significant impact on expenditures: Nothing to report.
d. Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or
select agents: Nothing to report.

e. Significant changes in use or care of human subjects: Nothing to report.

f.  Significant changes in use or care of vertebrate animals: Nothing to report.

g. Significant changes in use of biohazards and/or select agents: Nothing to report.

Products
a. Publications, conference papers, and presentations:
i. Journal publications:
1. Lunde CE, Szabo E, Holmes SA, Borsook D, Sieberg CB. Commentary: Novel

Use of Offset Analgesia to Assess Adolescents and Adults with Treatment
Resistant Endometriosis-Associated Pain. J Pain Res. 2020 Nov 2;13:2775-
2782. doi: 10.2147/JPR.S276135. PMID: 33204144; PMCID: PMC7660453.

b. Books or other non-periodical, one-time publications: Nothing to report.
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VIL.

VIII.

c. Other publications, conference papers, and presentations:
i. Presentation by Dr. Szabo: Chronic nociceptive pain and central sensitization in two pain
conditions: New daily persistent headache (NDPH) and endometriosis.
Chronic/Acute Pain Research Meeting. Pain Division, Department of Anesthesiology,
Critical Care and Pain Medicine. Boston Children's Hospital | Harvard Medical School

ii. Presentation by Dr. Sieberg on Dr. Holmes’ panel entitled: Understanding sex
differences in pain in different end-organ systems: From nerve fiber integrity to pain
perception for the United States Association for the Study of Pain 2020 Virtual Scientifc
Meeting.

d. Website or other internet sites: Nothing to report.

e. Technologies or techniques: Nothing to report.

f. Inventions, patent applications, and/or licenses: Nothing to report.
g. Other products: Nothing to report.

Participant and Other Collaborating Organizations

a. PI: Christine Sieberg, no change
b. Co-PI: Dr. Scott Holmes, no change
c. Consultant: Dr. David Borsook, no change

d. Consultant: Dr. Amy Danehy
i. Research identifier: 0000-003-4077-9971
ii. Nearest month person worked: 1
ili. Contribution to project: Radiologist at BCH contracted to examine all MRI participants
for incidental findings.
iv. Funding support: 2% of effort Federal: US Department of Defense (Dr. Holmes’
budget)

e. Post-doctoral fellow: Dr. Edina Szabo, no change
f. Post-doctoral fellow: Dr. Keerthana Karunakaran, no change
g. Research Assistant: Claire Lunde, no change

h. Research Assistant: Ayeong Kim

i. Research identifier: 0000-0002-4568-9855

ii. Nearest month person worked: 3

iii. Contribution to project: She performs routine oversight of IRB protocols, recruit and
enrolling study participants, coordinating scheduling of screening and scan session
visits, ensuring patients complete required forms for enroliment, participate in MRI
scanning the subjects, performing all necessary screening tests (e.g., pregnancy tests),
and collating imaging and non-imaging data (e.g., pregnancy tests)

iv. Funding support: Foundation: Innovative Medicine Initiative European Commission
and Federal: US Department of Defense

i. Change in the active other support of the PD/PI or senior/key personnel since the last reporting
period: Nothing to report.
j- Organizations involved as partners:

Special Reporting Requirements
a. Collaborative awards: Both Dr. Sieberg and Dr. Holmes (Partnering Pls are both responsible for
each task to be completed at BCH where all participant testing will take place, as well as the

14



analyses and manuscript preparation and publication.

IX. Appendices

(1) Ayeong Kim’s CV -- newly hired Research Assistant

(2) Dr. Amy Danehy’s CV -- Radiologist at BCH contracted to examine all MRI participants for
incidental findings.

(3) Published commentary in the Journal of Pain Research, titled: Commentary: Novel Use of Offset

Analgesia to Assess Adolescents and Adults with Treatment Resistant Endometriosis-Associated

Pain

(4) Abstract for manuscript in preparation, titled: Altered anterior insula functional connectivity in

adolescent and young women with endometriosis-associated pain: A pilot resting-state study

(5) Abstract for manuscript in preparation, titled: Descending Pain Modulation in the Clinic
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211 Boylston St, Brookline, MA 02445 | ayeongk@bu.edu | linkedin.com/in/ayeong-jenny-kim
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RESEARCH EXPERIENCE
CLINICAL RESEARCH ASSISTANT JULY 2021 - PRESENT
BOSTON CHILDREN’S HOSPITAL

e Developed research skills by working on D.O.D. & N.I.H-funded studies analyzing psychological batteries,
fMRI, MRI, and fNIRS imaging data using FreeSurfer, HOMER3 (MATLAB-based software). Conducted
experiments using a variety of QST techniques related to thermal and pressure pain. Amended studies for
BCH IRB approval.

RESEARCH INTERN SEPTEMBER 2019 - DECEMBER 2020
BOSTON CHILDREN’S HOSPITAL

e Established research skills by working on an N.I.H-funded study analyzing psychological batteries and
evaluating fMRI/MRI imaging data. Reinforced patient recruitment skills, as well as patient data
management on EPIC, RedCap, and Excel.

TEACHING EXPERIENCE
ACADEMIC MENTOR JANUARY 2021 - PRESENT
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e Spent 2-4 hours weekly supporting academic development and tutoring public high school students in
Chelsea, MA in various subjects of chemistry, geometry, English, and French over Zoom.

LEARNING ASSISTANT JANUARY 2019 - MAY 2019
BOSTON UNIVERSITY NEUROSCIENCE DEPARTMENT

® Presented as Learning Assistant for NE102 (Introduction to Neuroscience) laboratory-focused course at
Boston University under direction of Dr. Ryann Guayasamin. Strengthened interpersonal and teaching
skills to undergraduate students, while enriching knowledge of course material prevalent to cellular and
molecular neurobiology, including writing methodology. Helped students develop experiments for analysis.

WORK EXPERIENCE
CASHIER & PRIME SHOPPER MAY 2020 - MAY 2021
WHOLE FOODS MARKET

e Addressed diverse customers in a fast-paced setting, procuring excellent customer service skills. Learned
cash-handling processes at register (POS), as well as time management skills while working part-time with
full-time coursework at Boston University.
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RESIDENT ASSISTANT AUGUST 2019 - MAY 2021
BOSTON UNIVERSITY RESIDENCE LIFE

e Grew community-focused leadership skills and mediation skills during trainings. Managed 24 residents and
created community experiences via floor events and meetings. Served 24-hour on-call duties, helping with
a variety of issues within residential student life.

PUBLICATIONS
NEUROBIOLOGY OF DISEASE NOVEMBER 2020

Holmes SA, Kim A, Borsook D. The brain and behavioral correlates of motor-related analgesia (MRA).
Neurobiol Dis. 2021 Jan;148:105158. doi: 10.1016/7.nbd.2020.105158. Epub 2020 Nov 4. PMID: 33157210.

PRESENTATIONS
INTERNATIONAL SOCIETY OF PSYCHONEUROENDOCRINOLOGY SEPTEMBER 2021

“A pilot investigation examining systemic inflammation in pediatric chronic pain patients”

LEADERSHIP EXPERIENCE
PRESIDENT SEPTEMBER 2019 - SEPTEMBER 2020
Undergraduate Women In Science and Engineering (uWISE)

e C(Collaborated with a team to coordinate events and increased member growth by 100+ people. Moderated
administrative tasks and deadlines with Student Activities Organization at BU.

VOLUNTEER WORK

e Acquired 200 hours of community service throughout high school to present and volunteered with
Alternative Service Breaks program at Boston University in February 2018.

HONORS & AWARDS
e Dean’s List—- May 2020, January 2021, May 2021
e CPR Certified with completion of MA EMT course — 2020

SKILLS
INTERPERSONAL SKILLS
e Customer service experience and mediation and conflict training (Resident Assistant).
e Fluency in English, Korean, & French.
LAB TECHNIQES
e Experience performing PCR, histology staining, immunohistochemistry, brain surgery on rat subjects.

e Created data sets and basic programs with MATLAB and E-Prime. Data management with RedCap, Epic,
Powerchart, Microsoft Excel. Experience utilizing SPSS, OsiriX, FreeSurfer for data analysis & retrieval.

e Explored investigation, methodology, and co-writing of publications.
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Narrative Report

As a Pediatric Neuroradiologist, I devote 85% of my time to clinical work and teaching; the remainder is
allocated to administrative activities. | have made a concerted effort to develop the clinical and teaching
skills essential to diagnosing and treating pediatric patients who present with either common or complex
disorders. As a physician and a teacher, I emphasize clinical problem solving with a drive to make better
and timely diagnoses while promoting teaching and discovery at all levels. I encourage trainees to develop
clinical skills, encourage a drive for scientific inquiry, and to find excellence through both interpretive
and research activities. I strive continually to refine CT neuro imaging methods, as the Director of CT
Neuroimaging, to minimize radiation exposure and maximize quality of imaging. I have been the Medical
Director of MRI since 2012 with my board certification obtained in 2015. I work diligently with the MRI
safety officer to assure the safety of all personnel, patients, and family members who enter the magnetic
field. I lead the MRI safety committee with monthly reviews of the safety of the MR environment, safety
events or near misses, and to assure compliance with OSHA, CMA and Joint Commission standards.
Lastly I work with the multidisciplinary stroke team to develop early stroke response protocols, weekly
review of stroke cases for clinic, and evaluation of stoke events occurring in the hospital.
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Background and Objective: Endometriosis, affecting approximately 176 million adults
and adolescents worldwide, is a debilitating condition in which uterine tissue grows outside
the uterus. The condition costs the US economy approximately $78 billion annually in pain-
related disability. By understanding the neural underpinnings of endometriosis-associated
pain (EAP) and risk factors for chronification, translational research methods could lessen
diagnostic delays and maximize successful pain remediation. This can be accomplished by
the novel use of a known method, offset analgesia (OA), to better clucidate the neural
mechanisms that may contribute to and maintain EAP. This commentary will provide
justification and rationale for the use of OA in the study of EAP.

Conclusion: Utilizing an OA paradigm in patients with endometriosis, especially adoles-
cents, may (1) provide insight into neural mechanisms contributing to pain maintenance,
which could capture those at-risk for the transition to chronic pelvic pain, (2) provide
a metric for the development of future centrally mediated treatment options for this popula-
tion, and (3) elucidate the brain changes that result in resistance to treatment and pain
chronification.

Keywords: endometriosis, chronic pain, offset analgesia, central nervous system

Endometriosis and Pain

Endometriosis, a debilitating condition in which uterine tissue grows outside the uterus,
affects approximately 176 million adults and adolescents worldwide' and costs the US
economy approximately $78 billion annually in pain-related disability.” It has
a deleterious impact on physical and emotional functioning, as well as quality of life,
and is the leading cause of chronic pelvic pain (CPP).? Following laparoscopic surgery,
to both confirm the diagnosis and remove the ectopic tissue, patients are commonly
managed with a hormonal regimen during the childbearing years. Despite these treat-
ments, approximately 30% of women report no improvement in pain after surgery and
many other patients report frequently recurring endometriosis-associated pain (EAP)
without evidence of recurrent disease.* With this high prevalence of pain and disease
burden, there is a lack of effective treatments for this subset of treatment non-
responders who continue to experience EAP.’ Endometriosis in adolescents is an
even more challenging problem as it may present with a number of clinical and
pathological differences that are not observed in adult women. Nevertheless, given
the chronicity of the disease, the challenge is to avoid a delay in diagnosis, understand
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the disease, and direct effective therapies at an early age.’®
Small pilot studies”® in adult women have shown the main-
tenance and chronicity of EAP to be associated with struc-
tural and functional alterations in regions related to pain
modulation suggesting that EAP is not explained by endo-
metriosis alone, but alternatively may be explained by dys-
function in the Central Nervous System (CNS) either as
a defective pain modulatory system or an increase in neuro-
nal responsivity in central sensory and emotional pain path-
ways. Recent animal models have shown that the type of
nerve that innervates the endometriosis lesion, as well as the
location of the lesion, impact the CNS differently and thus
dictate how the pain is modulated, such as peripherally,
centrally, and by other central dynamic processes.” As the

10,11 and

onset of this condition may begin before menarche
adult women report their symptoms beginning during
adolescence,'? addressing early pre-symptomatic markers
of pain chronification in the pediatric brain may change the
prognosis by increasing the quality of life and protecting the
health and reproductive system of adolescents with endome-
triosis. This can be accomplished by the novel use of a known
method to better elucidate the neural mechanisms that may
contribute to and maintain EAP — offset analgesia (OA). OA
is increasingly used to measure endogenous pain inhibition,
which is considered one of the central mechanisms
facilitating (or preventing) pain and contributing to pain
chronification.

Peripheral or Central Processing of
Pain

One main reason for the lack of effective treatments is
a poor understanding of the neural mechanisms contribut-
ing to the maintenance and exacerbation of pain in this
population. Historically, the pain associated with endome-
triosis has been conceptualized and treated peripherally
(eg, surgical excision of the lesion, oral contraceptives,
NSAIDs, etc.) resulting from inflammatory nociceptive
molecules or damaged nerves, leaving the role of the
CNS largely ignored.® Studies exploring changes in the
CNS have found increased sensitivity to pain within and
outside of the areas of the pelvis among endometriosis
patients, as well as decreased gray matter volume (GMV)
and increased functional connectivity in brain regions
involved in pain processing such as the medial prefrontal
cortex, anterior insula, cingulate gyrus, thalamus and
putamen.”® In line with this, endometriosis patients with-
out CPP did not show hyperalgesia and reduced GMV, but

they exhibited increased GMV in the periaqueductal gray
(PAG) which is an important structure in the endogenous
pain modulation system.® Such findings support the notion
that the alterations in the central processing of pain likely
contribute to CPP in endometriosis.

Offset Analgesia in Experimental
Settings

Overview — Why OA?

The most frequently used assessment paradigms for cap-
turing this inhibitory pain mechanism are conditioned
pain modulation (CPM) and OA. While CPM measures
spatial filtering of pain perception (eg, the pain induced
by one noxious stimulus is inhibited by another noxious
stimulus applied to a remote area of the body), OA is
related to filtering nociceptive information in the temporal
domain.'> OA was first defined by Grill and Coghill'* as
a form of endogenous pain inhibition characterized by
a disproportionately large reduction in pain perception
after a small decrease in temperature during noxious
thermal stimulation. Although it has been proposed that
both OA and CPM are mediated by central and peripheral
mechanisms,15 OA seems to be related to increased acti-
vation in brain regions involved in pain modulation (eg,
PAG, dorsolateral prefrontal cortex, anterior insula, brain-
stem), whereas CPM induces activity reduction in regions
connected to afferent nociceptive processing which might
implicate more brain-derived pain modulation during
OA." OA is increasingly used to measure endogenous
pain inhibition because when compared to CPM, it
applies a noxious stimulus that evokes only moderate
pain and the duration of the painful stimulus is also
shorter which makes the paradigm more suitable for
patients, particularly for adolescents.'” In addition, OA
responses are not affected by centrally-acting drugs, while
in some studies, CPM effects appear to diminish consid-
erably after taking these medications.'> Hence, OA occurs
predominantly by an opioid-independent mechanism
which emphasizes the role of other neurotransmitters
involved in the modulation of pain measured by this
paradigm.'® Notably, some of these studies also reported
that OA responses could not be modified in patients with
chronic pain by analgesics such as ketamine,'” morphine
NSAIDs
tapentadol,'® and hydromorphone.’

vs  placebo,” and  acetaminophen,'®
Human studies of EAP as a centrally mediating phe-

nomenon, especially in adolescents, are lacking. Instead,
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Quantitative Sensory Testing (QST),?! a set of psychophy-
sical methods assessing pain sensitivity and sensory
nerves, to produce measures of ongoing CNS and
Peripheral Nervous System sensitization, has been the
main focus in the field. General chronic pain,>* complex
regional pain syndrome,” migraines,** abdominal pain,*
sickle cell disease,”®?’ fibromyalgia,® juvenile idiopathic
arthritis,”’ and cerebral palsy,® have been the focus of
adolescent QST studies, which all suggest that pediatric
chronic pain can lead to maladaptive peripheral and central
sensory processing. As more recent findings have
suggested’! the central effects of EAP should be further
explored and the use of OA could provide insight to the
underlying neural mechanisms and persistence of CPP.

The OA Paradigm

Many OA paradigms
15,32

have been described (see

reviews on multiple paradigms); however, OA in the

magnetic resonance imaging (MRI) setting,>*°

typically
uses the 3-temperature paradigm (Figure 1)'* defined by
a rating of 5 out of 10 on a visual analog scale (VAS).
Notably, this standard 3-temperature paradigm has not
been tested in a MRI setting with a pediatric population;
however, OA was assessed in youth with chronic pain one
time (outside MRI), applying an individualized noxious
thermal stimulus of 50/100 on a VAS.?” Using a thermal
stimulator which is placed in contact with the skin,
a preset computer-controlled temperature paradigm deli-
vers the specific temperature pattern with the subject rating
their pain in real time. A response to this dynamic test
stimulus or offset trial (Figure 1A) consists of a reduction
in self-reported pain intensity when the test temperature is
applied for 5 seconds, raised by 1°C for 5 seconds,
reduced by 1°C, and held for 20 seconds. The response
to a constant test stimulus (Figure 1B) on the skin consists
of a reduction in self-reported pain intensity when the test
temperature is applied at a constant rate for 30 seconds.
Lastly, the response to a controlled stimulus (Figure 1C)
on the skin consists of a reduction in self-reported pain
intensity when the test temperature is applied for 5 sec-
onds, reduced to 32°C, and held for 30 seconds. One
common method for quantifying the magnitude of OA is
by determining the percentage of difference between the
highest VAS scores during the second temperature and the
lowest VAS scores during the third temperature. However,
as OA responses can be partially due to adaptation effects,
including the constant temperature trial is recommended to
calculate OA effects. Accounting for the time-dependent

changes might mitigate overestimating the magnitude of
OA.'" Functional MRI (fMRI) studies also used the con-
stant thermal trial to evaluate OA responses in terms of
pain adaptation and habituation.**** In the study of Zhang

l,36 the constant stimulus trials served as control blocks

eta
to investigate brain activations to the attenuated OA
effects in patients with various chronic pain disorders.
Compared to healthy controls, reduced brain activation
was found in regions associated with the descending pain
modulatory, such as the anterior cingulate cortex, dorso-
lateral prefrontal cortex, and reward systems, such as the

medial prefrontal cortex, putamen, nucleus accumbens.

Offset Analgesia as a Clinical Tool
Recent studies report decreased or absent OA responses in

LS|
pain,'’
36,37,40

patients with  fibromyalgia,®®  neuropathic

migraine,®” and chronic pain of various etiologies.
In addition, three studies focusing only on chronic patients
indicated decreased OA responses in patients with diabetic
polyneuropathy, knee osteoarthritis,' and chronic radicu-

lar pain'7+18:2°

although there was large interindividual
variation. In patients with chronic pain, the attenuation of
OA effects was observed by delayed offset and a relatively
minor decrease in pain scores following the 1°C decrease
in temperature as opposed to the disproportionately large
reduction in pain perception among healthy controls
(Figure 1). The body of literature on OA does provide
strong evidence that attenuated OA responses are consis-
tently found in patients with chronic pain, indicating a lack
of ability to modulate changes in pain perception.
Alterations of central pain inhibitory and reward systems
might be associated with pain chronification, and the mag-
nitude of OA could be a useful index to distinguish the
30% of patients with endometriosis who have persistent
EAP after treatment.

Offset Analgesia in Endometriosis

Although OA responses have been found to be attenuated
in patients with various chronic pain conditions, it is
unknown in EAP. Only two studies have used CPM on
patients with EAP*' and patients with dysmenorrhea42
(common symptom and predictor of endometriosis)
which reported inconsistent results, calling for further
investigation within this population. Furthermore, less effi-
cient CPM was reported in comparable disorders such as
irritable bowel syndrome*’ or CPP syndrome,** but not in
premenstrual dysphoric disorder.*’ It should be also noted
that the role of female-specific reproductive hormones on

Journal of Pain Research 2020:13
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A. Offset Trial: Magnitude of OA

Figure 1 A commonly used 3-temperature OA paradigm includes Offset, Constant and Control trials. The x-axis represents time (seconds), with the y-axis representing
temperature (Celsius). Participants continuously rate their pain using a visual analog scale (VAS) of 0—100. (A) The Offset Trial consists of individualized temperature 50/100
VAS for 5s, with a 10C increase for 5s, and ending with a decrease in 10C for 20s. (B) The Constant Trial consists of 30s at 20C below the 50/100 VAS. (C) The Control
Trial consists of 5s at 50/100 VAS and then 30s at 320C. A 40s interval between each test is suggested. The redline below highlights the Offset Analgesia: a small decrease
(10C) in temperature during noxious thermal stimulation which leads to a disproportionately large reduction in pain perception. One method for measuring the magnitude
of OA is determining the percentage of difference between the highest VAS scores during the second temperature (VASmax 5s) and the lowest VAS scores during the third
temperature (VASmin 20s) in the Offset Trial: AOA=VASmax 5s — VASmin 20s. Including a Constant Trial is recommended for calculating the OA magnitude to rule out
adaptation effects. This OA paradigm captures endogenous pain inhibition, and it is associated with decreased brain activation of the descending pain modulatory and reward
systems in patients with chronic pain.
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sensation and perception is not fully understood, although
some studies have found that the menstrual cycle influ-
ences pain sensations elicited by noxious stimuli.*** In
line with this, OA has been found to be somatotopically
organized in episodic migraine, a cyclic disease where
pain perception changes according to the migraine
phase.>® Specifically, OA responses were measured at the
forehead and forearm during the headache-free period, and
the impaired pain inhibition was restricted to the affected
area (the head). Based on these results, measuring OA on
the lower abdomen (besides the forearm, which is the most
commonly used examination site) should be considered in
patients with EAP.

With ongoing pain (intermittent or constant), alterations in
the sensitivity/responsivity of neural networks encompass
those beyond the classic sensory pathways (eg, spinothalamic
tract) and involve anxiety, cognition, memory, and the normal
function of the brain’s pain inhibitory (descending modula-
tion) systems are thought to take place.”® Through these
changes in neural networks, one measurable process is
a change in descending pain inhibition, which can be evaluated
using the described OA paradigm. Given that EAP is a multi-
faceted and complex problem, there is a desperate need for
a new approach to understand the neural mechanisms in both
adult and pediatric cases of endometriosis. This could be
accomplished by using translational research methods, such
as OA, to determine if the brain regions associated with pain
evolution and maintenance have been altered, leading to
increased pain sensitivity which in turn could lead to an earlier
finding of a more effective treatment. Based on the aforemen-
tioned results, the diminished endogenous pain inhibition
measured with OA would thus be a reflection of an altered
brain system in which there is an increased sensitivity to pain
and increased resistance to treatment in conditions such as
CPP associated with endometriosis.

A better understanding of the neural mechanisms
occurring in the CNS and of the role of the brain’s inhibi-
tory response system in the development, maintenance,
and exacerbation of EAP would provide a necessary para-
digm shift for the field of adolescent and adult female
reproductive health. Specifically, assessing the OA
response in this patient population would: (1) enhance
our understanding of the structural and functional altera-
tions in the CNS pain regulatory system due to CPP in
patients with endometriosis; (2) provide a measurable
change in the brain’s structure to follow such patients in
the clinic; (3) potentially provide a measurable change in
the brain for those who will develop EAP; and (4) define

an initial paradigm that may enhance our capability for

developing  individually  tailored  patient-oriented

interventions.

Paradigm Shift for the Treatment of
EAP

Evaluating OA responses could be beneficial in a clinical
setting because it would give further information about the
patient responses to different interventions. There have
only been a few studies assessing the role of pharmacolo-
gical interventions on the OA response and indicate that
while the magnitude of OA was not affected by different
analgesics, the reported clinical pain intensity decreased

after treatment,'”-'%2°

indicating that pain relief may not
necessarily be associated with the normalization of the
central pain inhibiting system. Other centrally targeted
therapies, such as Cognitive Behavioral Therapy, have
largely been unexplored as they relate to the OA response.
Patients with endometriosis and CPP appear to be
a heterogeneous group with different levels of peripheral
and central sensitization. Thus, some patients are likely to
react better to therapies involving pharmacologic and cog-
nitive-behavioral approaches that focus on the central
aspect of pain than to repeated surgeries aimed at treating
endometriosis. The OA paradigm might provide a useful
tool to predict or confirm treatment responders vs non-
responders and to reveal the extent to which different
treatments can contribute to reversing the central changes.

Conclusion

By understanding the neural underpinnings of endometrio-
sis-associated pain and risk factors for chronification,
translational research methods, such as OA, could lessen
diagnostic delays and maximize successful pain remedia-
tion. As OA has been administered at the volar side of the
arm and the same time intervals (5 s, 5 s, 20 s) for many
studies, this can be the recommended procedure for future
studies of adolescents and women with treatment resistant
endometriosis-associated EAP. Additionally, using the
lower abdomen as an examination site should be consid-
ered. There is great need for estimating OA in patients
with endometriosis, especially adolescents, as the way
forward because it can: (1) provide insight into neural
mechanisms contributing to pain maintenance, which
could capture those at-risk for the transition to CPP, (2)
provide a metric for the development of future centrally
mediated treatment options for this population, and (3)
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elucidate the brain changes that result in resistance to
treatment and pain chronification. This novel use of an
existing tool is of paramount importance due to the
reduced quality of life in young patients and for the
known grim condition outcomes in adulthood. To date,
no previous studies have explored OA in adult or pediatric
patients with EAP and given that most patients report
symptoms of EAP during adolescence, this would be
a critical time to investigate pain modulation with the
goal of decreasing pain in women with endometriosis.
More research in understanding the underlying neural
mechanisms and centralized effects of pain within adoles-
cents and adults with endometriosis is of great importance
and the proposed utilization of OA in this population will
hopefully move the field of reproductive health forward.
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Altered anterior insula functional connectivity in adolescent and young women with

endometriosis-associated pain: A pilot resting-state study

Abstract

Endometriosis is a debilitating disease and the leading cause of chronic pelvic pain. Alterations in
brain functional connectivity have been previously reported in adult women with endometriosis-
associated pain (EAP), however, it is still unknown if similar patterns of changes exist in
adolescents. In this pilot study, resting-state fMRI scans were obtained from 11 adolescent and
young women with EAP and 14 healthy controls. Using a seed-to-voxel approach, we investigated
functional connectivity between the anterior insula, the medial prefrontal cortex and the rest of the
brain. Furthermore, the resulting functional connectivity differences were correlated with clinical
characteristics including disease duration, pain intensity, and different psychosocial factors (pain
catastrophizing, fear of pain, anxiety and depression). Our findings revealed that patients with EAP
demonstrated significantly decreased connectivity between the right anterior insula and two
clusters: one in the right cerebellum, and one in the left middle frontal gyrus compared to controls.
Besides, functional connectivity between the right anterior insula and the right cerebellum
(particularly, Crus I and Crus II) was positively associated with pain intensity levels. This pilot
study is the first to report functional alterations in adolescent women with EAP. Our results are
relevant not only for understanding the brain characteristics underlying EAP at younger age, but
also enhancing future pain treatment efforts through supporting the potential role of central

sensitization in endometriosis.

Keywords: endometriosis, resting-state fMRI, anterior insula, dorsolateral prefrontal gyrus,

cerebellum, young women



Descending Pain Modulation in the Clinic
Abstract

Pain perception is based on both nociceptive signals and their modulation by the central nervous
system. Growing evidence suggests that dysregulation or decreased efficiency of the descending
pain modulation system may facilitate pain and promote pain chronification which places a
significant burden on the healthcare systems. This review aims at summarizing data on the
descending pain pathways by identifying the underlying brain regions and networks, describing
measures that can be effectively applied to evoke and assess this pain modulation effect, and
discussing potential (prognostic and predictive) biomarkers which may help detect treatment
outcomes/post-treatment pain state in patients at the clinic. Studies are also reviewed in terms of
different disease models and distinguishing patient groups with different types of chronic pain
using neuroimaging findings. Assessing and understanding the descending component of pain is
of importance in a clinical setting, since it could provide guidance for developing future therapeutic

approaches to the management of chronic pain.

Keywords: chronic pain, pain modulation, assessment, clinical practice



