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REVISION HISTORY

Revision # Version 
Date Summary of Changes

Consent 
Changes 

(Y/N)
1.0 18NOV2020 Original N
1.1 9DEC2020 Original + Template Update N
1.2 29DEC2020 Original + Updates from Team Review N
1.3 3MAR2021 Original + Monitoring Plan Update N
1.4 18MAR2021 Original + Updates from Emory Reviewer N
1.5 8APR2021 Original + FDA requested update Y
1.6 14MAY2021 Original + IRB pending approval request Y
1.7 09MAR2022 Original + Updates from Team Review Y
1.8 03Aug2022 Original + Changes in PI, enrollment target & study labs Y
1.9 draft, not 
released

08Sept2023 Original + changes to study labs & subject payment Y

2.0 draft, not 
released

28Sept2023 Original + Data Safety Monitoring Plan Requirements N

2.1 25Oct2023 Original + Data Safety Monitoring Plan Monitoring Table 
edits

N

2.2 12Jan2024 Original + changes to study labs + SAE reporting changes N
2.3 04MAR2024 Original + changes to assessments + endpoints N
2.4 06Jun2024 Original + changes to assessments timepoints

List of Major Changes to Version 1.9: (draft, not released)
- Change subject payment to $50/visit
- In Schedule of Assessments, removed CMP & LDH assessments from the 4 and 8w time 

points, remove Hb electropheresis assessments from the 8 and 12w time points.
- Removing Global Blood Therapeutics Laboratory as the source of analysis for RBC 

deformability and mitochondrial content assessments.  

List of Major Changes to Version 2.0 (draft, not released)
- Addition of Data Safety Monitoring Plan Requirements table explaining new process

List of Major Changes to Version 2.1
- Edits to Data Safety Monitoring Plan Requirements monitoring table

List of Major Changes to Version 2.2
- Removing Global Blood Therapeutics Laboratory as the source of analysis for RBC 

deformability and mitochondrial content assessments. This change was intended in 
version 1.9, but some references were missed that have now been corrected.

- Changing safety reporting to comply with Pfizer’s policies



Voxelotor SCA NIRS Study (VoxSCAN)
Version Date: 10JUN2024

Page 3 of 50 Protocol Version: 3.0 10JUN2024
IRB Form BIO 08102020

List of Major Changes to Version 2.3
- Removing Worldwide Therapeutics and Functional Fluidics assessments of some 

markers of RBC health and hemoglobin modification
- Removing exploratory endpoints associated with RBC oxygen affinity and deformability, 

as these parameters will no longer be quantified
- Adding 12w electrophoresis assessment

List of Major Changes to Version 2.4
- Removing 4 and 8w timepoints for RBC health and clarified what will be measured to 

assess RBC health
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STATEMENT OF COMPLIANCE

This pilot study will be conducted in accordance with International Conference on Harmonization 
Good Clinical Practice (ICH GCP), applicable US Code of Federal Regulations (CFR).  As the 
Sponsor-Investigator, the PI will assure that no deviation from, or changes to the protocol, will 
take place without prior agreement from the investigational drug supplier Global Blood 
Therapeutics, a subsidiary of Pfizer as of October 5th 2022, and documented approval from the 
IRB, except where necessary to eliminate an immediate hazard(s) to the study participants. All 
personnel involved in the conduct of this study have completed Human Subjects Protection and 
ICH GCP Training. 

The protocol, informed consent form(s), recruitment materials, and all participant materials will 
be submitted to the IRB for review and approval.  Approval of both the protocol and the consent 
form will be obtained before any participant is enrolled.  Any amendment to the protocol will be 
reviewed and approved by the IRB before the changes are implemented to the study.  All changes 
to the consent form will be IRB approved.
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PROTOCOL SIGNATURE PAGE
Protocol Title:

The Effect of Voxelotor on Cerebral Hemodynamic Response in Children with Sickle Cell Anemia 
(VoxSCAN)

Version/Date: 2.2 dated December 05, 2023

SPONSOR APPROVAL

I, the Sponsor-Investigator, have read this protocol and agree it contains all necessary 
information required to conduct the study. 

The protocol is being conducted in accordance with International Council on Harmonization (ICH) 
Good Clinical Practice (GCP) and all applicable federal, state and local regulations governing the 
conduct of this research, including the Department of Health and Human Services 45 Code of 
Federal Regulations (CFR) Part 46, FDA 21 CFR Parts 50, 54, 56, 312 and 812. 

Sponsor - Investigator (Print):

Signature:

Date: 
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1. Study Summary

Study Title ESR-C007: The Effect of Voxelotor on Cerebral Hemodynamic 
Response in Children with Sickle Cell Anemia

Phase Single-center, open label pilot study.
Study Design This study is a pilot, open-label, single-arm study to evaluate 

the effect of voxelotor on cerebral hemodynamics, as 
measured by diffuse correlation spectroscopy and frequency 
domain near-infrared spectroscopy (DCS/FDNIRS) in patients 4 
-30 years of age with sickle cell anemia (SCA).   We hypothesize 
that as hemoglobin increases due to voxelotor, cerebral blood 
flow (CBF) and oxygen extraction fraction (OEF) will decrease. 
To test this hypothesis, CBF, OEF, and oxygen metabolism 
(CMRO2) will be assessed by DCS/NIRS in participants prior to, 
periodically throughout, and after 12 weeks of treatment with 
voxelotor.  The results of this study will be used to inform a 
larger study. 

Primary Objective The primary objective of this research is to evaluate the effect 
of voxelotor on CBF, OEF and CMRO2 in children with SCA as 
assessed by change from baseline in DCS/NIRS at 4 and 12 
weeks.  

Secondary Objective The secondary objective of this research is to evaluate the 
correlation between changes in CBF, OEF and CMRO2 and 
change in markers of anemia, hemolysis and RBC health at 4 
and 12 weeks.

Research 
Intervention(s)/Interactions

The study intervention is voxelotor, administered orally. It will 
be used for the approved indication of sickle cell disease. This 
is a single-arm study. There is no control intervention. 

Drug Intervention: Voxelotor
 Voxelotor tablets: 300 or 500 mg, administered orally
 Voxelotor dispersible tablets: 100 and/or 300 mg, 

administered orally
All participants will receive voxelotor. Participants 12 years or 
older will take 1500 mg/day. Participants younger than 12 
years of age will receive a dose based on their body weight to 
provide exposure corresponding to the adult dose of 1500 
mg/day. 

Study Population We plan to recruit male and female children ages 4-30 years 
with sickle cell anemia (HbSS, HbS/β0thal) who are followed in 
the Pediatric Sickle Cell Program at Children’s Healthcare of 
Atlanta 
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Sample Size This is a pilot study involving 50 participants to define the 
magnitude of change. Power cannot be calculated at this time. 

Study Duration for 
Individual Participants

Up to 16 weeks

Total Study Duration 30 months
Funding Source (if any) Global Blood Therapeutics (GBT)
Study Specific 
Abbreviations/ Definitions ACS Acute chest syndrome

ALT Alanine aminotransferase
AE Adverse Event
ANCOVA Analysis of Covariance
Bil Bilirubin
β0thal Homozygous sickle cell disease
CBF Cerebral blood flow
CFR Code of Federal Regulations
CHOA Children’s Healthcare of Atlanta
CLIA Clinical Laboratory Improvement Amendments
CMP Clinical Monitoring Plan
COC Certificate of Confidentiality
CONSORT Consolidated Standards of Reporting Trials
CRF Case Report Form
DCC Data Coordinating Center
DCS Diffuse Correlation Spectroscopy
DHHS Department of Health and Human Services
DSMB Data Safety Monitoring Board
DRE Disease-Related Event
EC Ethics Committee
eCRF Electronic Case Report Forms
FDA Food and Drug Administration
FDAAA Food and Drug Administration Amendments Act of 

2007
FDNIRS Frequency domain near-infrared spectroscopy
FFR Federal Financial Report
GBT Global Blood Therapeutics
GCP Good Clinical Practice
GLP Good Laboratory Practices
GMP Good Manufacturing Practices
GWAS Genome-Wide Association Studies
HbS Hemoglobin  sickle
HbSS Classic sickle cell disease
HIPAA Health Insurance Portability and Accountability Act 
IB Investigator’s Brochure
ICH International Conference on Harmonization 
ICMJE International Committee of Medical Journal Editors
IDE Investigational Device Exemption
IND Investigational New Drug Application
IRB Institutional Review Board
ISM Independent Safety Monitor
ISO International Organization for Standardization
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ITT Intention-To-Treat
LDH Lactate Dehydrogenase
LSMEANS Least-squares Means
MedDRA Medical Dictionary for Regulatory Activities
MOP Manual of Procedures
MSDS Material Safety Data Sheet
NCT National Clinical Trial
NIH National Institutes of Health
NIH IC NIH Institute or Center
NIRS Near infrared spectroscopy
ODC Oxygen Dissociation Curve
OEF Oxygen extraction fraction
OHRP Office for Human Research Protections
PI Principal Investigator
QA Quality Assurance
QC Quality Control
Retic Reticulocytes
SAE Serious Adverse Event
SAP Statistical Analysis Plan
SCD Sickle Cell Disease
SMC Safety Monitoring Committee
SOA Schedule of Activities
SOC System Organ Class
SOP Standard Operating Procedure
TCD Transcranial Doppler
ULN Upper limit of normal
UP Unanticipated Problem
US United States
VOC Vaso-occlusive crisis
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2. Objectives and Endpoints

OBJECTIVES ENDPOINTS JUSTIFICATION FOR 
ENDPOINTS

Primary
Evaluate the cerebral 
hemodynamic effects of 
voxelotor

Change in CBF, OEF and 
CMRO2 from baseline at 
Week 4 and 12 

Voxelotor is a promising 
new drug that improves 
hemoglobin levels and 
reduces the incidence of 
worsening anemia in SCD. 
However, it is unclear 
whether this increase in 
hemoglobin is associated 
with reductions in blood 
flow and oxygen extraction 
in the brain

Secondary
Evaluate the relationship 
between CBF, OEF, CMRO2 and 
change in total Hb levels 

Correlation of CBF, OEF, 
CMRO2 and change in total 
Hb levels from baseline  

By increasing hemoglobin 
levels, voxelotor may show 
improvement in CBF, OEF, 
CMRO2 akin to the effects 
of blood transfusion but 
without the detrimental 
side effects.

Evaluate the relationship 
between CBF, OEF, CMRO2 and 
voxelotor-modified Hb levels 

Correlation of CBF, OEF, 
CMRO2 and level of RBC 
content of voxelotor-
modified Hb

Voxelotor modification of 
Hb correlate to 
improvement of anemia. 
Quantified level of Hb 
modification (via HPLC or 
PK) may correlate with 
improvement in CBF, OEF, 
CMRO2

Exploratory
Evaluate the relationship 
between CBF, OEF, CMRO2 and 
measures of RBC health 

Correlation of CBF, OEF, 
CMRO2 and change in 
markers of RBC hemolysis 
(LDH, indirect Bil) and 
morphology (blood smear, 
RBC indices, retic, dense 
cells, and adhesion) from 
baseline  

Restored RBC health is 
measured by reduction in 
hemolysis (measured by 
blood chemistry labs) and 
improvement in RBC 
morphology. Measured 
improvements in RBC 
health may correlate with 
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OBJECTIVES ENDPOINTS JUSTIFICATION FOR 
ENDPOINTS
improvement in CBF, OEF, 
CMRO2
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3. Background
Sickle cell disease (SCD) is a genetic blood disorder that has profound effects on the brain. In the 
presence of chronic anemia, the brain microvasculature 
dilates in order to maintain adequate oxygen delivery to 
the tissue1–6. As cerebral blood flow increases and the 
vasculature becomes maximally dilated, oxygen 
extraction fraction (OEF, defined as the difference 
between arterial and venous oxygen content) increases 
to keep up with metabolic demand 2,7–10. Unfortunately, 
this state of maximized response leaves the brain 
vulnerable and ill-equipped to adapt to increased 
metabolic demand; consequently, the tissue is 
susceptible to infarction when blood flow/volume are 
insufficient to maintain sufficient oxygen metabolism11 
(see Figure 1). 

Chronic transfusion is used in patients with sickle cell 
disease to increase arterial hemoglobin concentration, 
which improves oxygen carrying capacity to the tissue. 
Recent work with MRI has confirmed that improved 
oxygen carrying capacity in turn reduces elevated 
cerebral blood flow (CBF) and oxygen extraction1,7,9,12. 
Although cerebral oxygen metabolism appears to remain 
unchanged after transfusion, the return of oxygen 
extraction and blood flow to “normal” levels is thought to alleviate metabolic stress and improve 
the brain’s ability to respond to increased metabolic demand1. Indeed, chronic transfusion 
therapy has been proven to reduce the incidence of both silent and overt infarcts in pediatric 
SCD patients13,14. Despite the beneficial effects of transfusion, the therapy is not without 
significant risks, i.e., infection, iron overload, alloimmunization, and comes with a substantial 
burden to patients and their families15,16. Moreover, the Silent Cerebral Infarct Multi-Center 
Clinical Trial (SIT) revealed that new silent infarct is prevented in only 1 out of every 13 children 
treated with transfusion therapy13. Thus, alternative therapeutic strategies that improve oxygen 
delivery to the brain without the risks associated with transfusion are needed to alleviate 
metabolic stress and reduce the risk of stroke. 

Voxelotor (Oxbryta) is a new drug for patients with sickle cell disease that improves hemoglobin 
levels and reduces the incidence of worsening anemia17. However, it is unclear whether this 
increase in hemoglobin is associated with a reduction in cerebral metabolic stress. In this work, 
we will determine the effects of voxelotor on cerebral hemodynamics. We hypothesize that as 
hemoglobin increases due to voxelotor, cerebral blood flow and oxygen extraction fraction will 
decrease, similar to the effects of blood transfusion. To test this hypothesis, measurements of 
brain blood flow, oxygen extraction, and oxygen metabolism will be made using the Buckley Lab’s 
customized diffuse correlation spectroscopy and frequency domain near-infrared spectroscopy 
system (DCS/FDNIRS). These well-validated, non-invasive optical techniques utilize near-infrared 

Figure 1, Hypothesized mechanism of ischemic 
injury in pediatric sickle cell disease (Adapted from 
Juttukonda et al., JMRI 2019). As anemia worsens, 
arterial oxygen delivery is reduced. To compensate 
for this reduction, the cerebrovascular dilates to 
increase cerebral blood flow (red). As vascular 
reserve is exhausted and CBF plateaus, oxygen 
extraction fraction (blue) increases to preserve 
oxygen metabolism (green). Eventually there is a 
mismatch between tissue metabolic demand 
(dotted black) and oxygen metabolism, and 
infarction ensues. Transfusion acts to increase 
oxygen delivery and is thought to relieve metabolic 
stress by reducing oxygen extraction and cerebral 
blood flow and improving vascular reserve. We 
hypothesize that the increase in hemoglobin 
caused by voxelotor will act in a similar fashion to 
reduce oxygen extraction fraction and blood flow.
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light to penetrate deep into tissue (~1-2 cm) in order to estimate an average oxygen saturation 
of the microvasculature, i.e., capillaries, arterioles, and venules18–21. Our preliminary results with 
DCS/FDNIRS applied to children with sickle cell disease suggest that the techniques are sensitive 
to alterations in blood flow and oxygen extraction in these patients associated with changes in 
hemoglobin.

In a recently ancillary analysis of data from a Phase 2 Open Label Multicenter Trial (HOPE-
KIDS 1; NCT02850406) voxelotor therapy in children with SCD was associated with improvements 
in RBC health as early as 12 weeks of treatment25. Compared with pretreatment measures, RBC 
deformability performed at fixed shear stress and at varying osmolality showed sustained 
improvement. Upon gradual deoxygenation, RBC deformability under shear stress continued to 
improve with voxelotor. Furthermore, RBC sickling began at a much lower partial pressure of 
oxygen (pO2) compared with pretreatment values, which confirmed that voxelotor prevents ex 
vivo sickling in humans. In addition, the leftward shifts in oxygen dissociation curves (partial 
pressure p20 and p50) confirmed increased Hb-oxygen affinity with voxelotor treatment25. In this 
work, we will explore how measurements of RBC health are associated with cerebral 
hemodynamics. We hypothesize that voxelotor modification of hemoglobin and improvements 
of RBC health will correlate with change in cerebral blood flow and oxygen extraction fraction. 
To test this hypothesis, measurements of RBC morphology, hemolysis, Hb modification, RBC 
deformability and adhesion will be made prior and during treatment period. 

4. Study Intervention/Investigational Agent
Voxelotor is a promising new drug for patients with sickle cell disease that improves hemoglobin 
levels and reduces the incidence of worsening anemia. However, it is unclear whether this 
increase in hemoglobin is associated with a reduction in cerebral metabolic stress. In this work, 
we will determine the effects of voxelotor on cerebral hemodynamics.

4.1 Dosing and Administration

We plan to treat 50 patients in this study. All participants will receive voxelotor, administered 
orally once daily as tablets or dispersible tablets at a dose based on their body weight, for the 
duration of their enrollment in the study.  Participants ≥ 12 years will be instructed to take a 
1500mg dose of voxelotor consisting of three 500mg tablets once daily.  Participants age 4-12 
years will be instructed to take dispersible tablets once daily at a dose based on their body weight 
for the duration of treatment.  The participant’s weight at enrollment will be used to determine 
the starting voxelotor dose in this study.  Voxelotor, in all formulations, may be taken with or 
without food. Voxelotor dispersible tablets should be dispersed in clear liquid (e.g., water, clear 
soda, apple juice, electrolyte drinks, flavored drinks, or sports drinks). Detailed instructions for 
study drug administration will be provided to participants and their caregivers/legal guardians, 
as needed.

Voxelotor drug product must be administered orally daily. If a participant misses a dose, the 
participant should resume normal dosing next day (i.e., the dose on the day after a day of a 
missed dose should not be increased or decreased). 
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For AEs that affect safety and tolerability, a trial of reducing or holding (temporarily stopping) the 
dose may be used. All instances of voxelotor dose modification (dose reduction, interruption, or 
discontinuation) should be documented in the participant’s medical record. If the 
condition/event leading to the dose modification has resolved, the original dose level should be 
resumed, unless in the judgement of the Investigator this cannot be done safely. 

4.2 Dose Justification
The recommended dosage of Voxelotor is 1500 mg taken orally daily, with or without food. The 
dose of voxelotor to be used in this study (weight-based 1500 mg equivalent) is based on clinical 
efficacy and safety results from voxelotor clinical studies in adult and adolescent participants 
combined with Pop PK modeling, physiologically based PK (PBPK) modeling, and allometric 
scaling. Dosing for participants <12 years of age will be weight based, as presented in 
Table 1, and is anticipated to provide exposures similar to adolescent participants receiving 
voxelotor 1500 mg.  These doses are based on Pop PK and, PBPK modeling and allometric scaling 
and are expected to provide exposures of voxelotor equivalent to exposures observed in adults 
(Study GBT440-031) and adolescents (Studies GBT440-007 and GBT440-031)26,27

Table 1: Voxelotor Weight-based Doses for Participants Less than 12 Years of Age
Population Voxelotor Doses (1500 mg Equivalent)
10 to <20 kg 600 mg
20 to <40 kg 900 mg
≥40 kg 1500 mg

Participants will receive voxelotor administered orally daily as tablets (300 or 500mg) or 
dispersible tablets (100 mg and 300 mg each). All participants younger than 12 years of age will 
receive a dose based on their body weight to provide exposure corresponding to the adult dose 
of 1500 mg/day. Participants 12 years or older will take 1500 mg/day.

4.3 Acquisition and Accountability
All study drug packaging must be returned at each visit, regardless of whether they are empty or 
contain unused study drug (voxelotor). Unused tablets will be counted and recorded. Dates of 
receipt, dispense, return, lot numbers, and tablet counts will all be recorded in a log. 

In accordance with GCP, the investigational site will account for all supplies of voxelotor drug 
product. Details of receipt, storage, assembly, and return will be recorded. The Investigator must 
ensure that all drug product supplies are kept in a secure locked area with access limited to those 
authorized by the Investigator.

The Sponsor Investigator (or designee) will maintain an accurate record of the receipt of 
voxelotor drug product as shipped by GBT, including, but not limited to, the date received, 
storage conditions/location, lot number, amount received, and the disposition of all voxelotor 
drug product.
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Current dispensing records will also be maintained including the date and amount of voxelotor 
drug product dispensed and the participant receiving the drug product. This drug accountability 
record will be available for inspection at any time.

All unused supplies of voxelotor drug product will either be destroyed by the site or returned to 
the shipping depot at the end of the study.

4.4 Formulation, Appearance, Packaging, and Labeling
Voxelotor will be supplied as 300 or 500 mg tablets or as 100 mg and 300 mg dispersible tablets. 
Voxelotor dispersible tablets will be supplied in HDPE bottles with induction sealed 
polypropylene child-resistant caps.

Voxelotor tablets will be supplied in high-density polyethylene (HDPE) bottles with induction-
sealed polypropylene child-resistant caps. Bottles and/or cartons will be labeled according to 
applicable regulations. 

4.5 Product Storage and Stability
Voxelotor will be stored at controlled room temperature between 15 °C and 25°C (59°F to 77°F) 
in a secure, temperature-controlled and locked environment with restricted access at the 
Sponsor-Investigator’s site. No special procedures for the safe handling of voxelotor are required.

4.6 Preparation
Voxelotor is a tablet ready to be swallowed. Voxelotor dispersible tablets should be dispersed in 
clear liquid (e.g., water, clear soda, apple juice, electrolyte drinks, flavored drinks, or sports 
drinks). Detailed instructions for study drug administration will be provided to participants and 
their caregivers/legal guardians, as needed.

4.7 Study Intervention Compliance
Study drug compliance will be assessed by counting of unused tablets or stick packs. In addition, 
medication compliance will be reported by the participant and caregiver. 

4.8 Concomitant Therapy
A concomitant medication is defined as any prescription or over-the-counter preparation, 
including vitamins and supplements.  All concomitant medications will be recorded in the 
participants medical record and the study case report form at study visits.   Participants will be 
asked always to check with the PI or clinical study staff before taking a new medication.  
Prohibited medications include sensitive CYP3A4 substrates with a narrow therapeutic index and 
strong CYP3A4 inhibitors.  
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5. Procedures Involved

5.1 Study Schema

Screening

         Wk 12

Study Entry

Open Label Treatment Period
EOS

(up to 8wks after last 
treatment)

DCS/NIRS 

Day 1

EOT

Study Population, N=50
• Age 4-30 years
• HbSS, S/β0 thalassemia 
• Stable HU permitted 
• No transfusion in prior 8 wks

Study Outcomes 
• 10: Change in CBF, OEF, CMRO2 

from baseline at 12 Weeks
• 20: Correlation between CBF, 

OEF and change in total Hb and 
Hb modification

• Exploratory: Correlation between 
CBF, OEF, CMRO2 and change 
in measures of RBC health 

Wk 4          Wk 8

DCS/NIRS DCS/NIRS 
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5.2 Schedule of Assessments (SoA)
FDNIRS/DCS and TCD measurements will be made on D1, or within the screening period 
depending on researcher availability.  For the 4w, 8w, and 12w and end of study visits, the 
time point given spans a window of +/- 7 days. For patients continuing commercial 
voxelotor after 12w, the end of treatment (12w) visit will also serve as the end of study visit.  
Patients who will not continue commercial voxelotor after 12w will complete an end of 
study visit up to 8 weeks after last study dose.

Treatment
Screening 

(up to 28 days) D1
(+/- 7d)

4w
(+/- 7d)

8w
(+/- 7d)

12w
(+/- 7d)

End of Study
(up to 8 wks post-treatment)

Consent/Assent X

Inclusion/Exclusion Criteria X

Medical History & PE X X X

Height, weight X X X

Vital signs, pulse oximetry X X X X X X

CBC diff, retic X X X X X X

CMP & LDH X X X

Hb Electrophoresis X X

Hb morphology X X X X X X

RBC Health X X
FDNIRS/DCS (performed by 
Buckley Lab staff) X X X

Transcranial Doppler 
ultrasound (TCD) (X) X X

Pregnancy testing (for 
females of child bearing 
potential)

X

Adverse event reporting X X X X X X

Drug dispensing X X X X

5.3 Efficacy, Safety, and Other Assessments
Screening will occur up to 28 days prior to the start of the study. The subject’s medical chart will 
be used for screening and for part of collection of trial data, per Health Insurance Portability and 
Accountability Act (HIPAA) rules, other relevant federal or state laws, and local institutional 
requirements, as applicable.  Information obtained from the medical chart will include: 

a) List of current medications and their doses
b) Vital signs
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c) Transfusion history
d) Stroke history
e) Previous MRI and/or MRA’s
f) Previous sleep studies
g) Previous transcranial Doppler ultrasound 

results.

The study procedures and evaluations to be done as part 
of the study to support the determination of efficacy, as 
per the primary and secondary objectives outlined in this 
protocol, will include:

 DCS/FDNIRS assessments. Measurements of 
cerebral blood flow, oxygen extraction, and 
oxygen metabolism will be made by a trained 
study staff personnel using a customized diffuse 
correlation spectroscopy combined with 
frequency domain near 
infrared spectroscopy 
oximeter (Figure 2). A 
DCS/FDNIRS optical 
sensor will be manually 
held over the right and 
left forehead to obtain a 
brief (<1min) resting 
state measure of brain 
hemodynamics.  
Measurements will be repeated up to 3 times per hemisphere (Figure 3). Total time of 
exam is typically 15-30 minutes. Measurements will be made before, and at 4 and 12 
weeks after the start of voxelotor. Measurements will be obtained in quiet area of Aflac 
outpatient clinics using PPE and hand hygiene practices according to hospital policy. 

 A research blood specimen will be obtained when a clinical sample is unavailable. Up to 
sixteen mLs of venous blood will be collected at each visit.  Laboratory assessments 
relevant to measures predictive of voxelotor response and to measures of RBC Health will 
be performed at local (central CHOA lab) clinical labs.  Local laboratory assessments will 
include complete blood count, reticulocyte count, hemoglobin electrophoresis, RBC 
dense cells and measures of RBC hemolysis (LDH, indirect bilirubin). RBC health laboratory 
assessments will include but are not limited to RBC adhesion. 

 Procedures that will be completed during the study as part of regular standard of clinical 
care: These include physical examination, vital sign assessment (heart rate, blood 
pressure, pulse oximetry, etc.), medical history.

 Transcranial Doppler ultrasound assessment of blood flow velocity in the main feeding 
arteries.  Measurements will follow standard clinical protocols that are outlined routine 
screening in children with sickle cell disease. Baseline TCD assessment may occur at 
screening or at D+1 visit prior to study medication.

Figure 3, (a) Non-invasive FDNIRS/DCS sensor comprised of fiber optics embedded in a 
3D printed holder. The top row of fibers are for FDNIRS and the bottom row are for DCS 
(b) Depth sensitivity of FDNIRS/DCS measurements in a representative 10 year old child. 
(c) Patient measurement with a  similar hand-held FDNIRS/DCS sensor. 

Figure 2, Picture of portable NIRS/DCS 
instrumentation.  The cart takes up a footprint of 
approximately 1.5ft x 3ft.
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5.4 Adverse Events and Serious Adverse Events
Definition of Adverse Events (AE)
Adverse event means any untoward medical occurrence associated with the use of Voxelotor or 
NIRS/DCS measurements of cerebral hemodynamics, whether or not considered intervention-
related (21 CFR 312.32 (a)).

Definition of Serious Adverse Events (SAE)
An adverse event (AE) or suspected adverse reaction is considered "serious" if, in the view of 
either the investigator or sponsor, it results in any of the following outcomes: death, a life-
threatening adverse event, inpatient hospitalization or prolongation of existing hospitalization, a 
persistent or significant incapacity or substantial disruption of the ability to conduct normal life 
functions, or a congenital anomaly/birth defect. Important medical events that may not result in 
death, be life-threatening, or require hospitalization may be considered serious when, based 
upon appropriate medical judgment, they may jeopardize the participant and may require 
medical or surgical intervention to prevent one of the outcomes listed in this definition. Examples 
of such medical events include allergic bronchospasm requiring intensive treatment in an 
emergency room or at home, blood dyscrasias or convulsions that do not result in inpatient 
hospitalization, or the development of drug dependency or drug abuse.

Classification of an AE (Severity of Event)
For adverse events (AEs), guidelines will be used to describe severity. 

• Mild – Events require minimal or no treatment and do not interfere with the 
participant’s daily activities. 

• Moderate – Events result in a low level of inconvenience or concern with the 
therapeutic measures. Moderate events may cause some interference with functioning.

• Severe – Events interrupt a participant’s usual daily activity and may require systemic 
drug therapy or other treatment.  Severe events are usually potentially life-threatening 
or incapacitating.  Of note, the term “severe” does not necessarily equate to “serious”.

Classification of an AE (Relationship to Study Intervention)
All adverse events (AEs) will be assessed for relationship to study intervention as the following:

Definitely Related – There is clear evidence to suggest a causal relationship, and 
other possible contributing factors can be ruled out. The clinical event, including 
an abnormal laboratory test result, occurs in a plausible time relationship to taking 
voxelotor and cannot be explained by concurrent disease or other drugs or 
chemicals. The response to withdrawal of the study intervention (dechallenge) 
should be clinically plausible. The event must be pharmacologically or 
phenomenologically definitive, with use of a satisfactory rechallenge procedure if 
necessary.
Probably Related – There is evidence to suggest a causal relationship, and the 
influence of other factors is unlikely. The clinical event, including an abnormal 
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laboratory test result, occurs within a reasonable time after taking voxelotor, is 
unlikely to be attributed to concurrent disease or other drugs or chemicals, and 
follows a clinically reasonable response on withdrawal (dechallenge). Rechallenge 
information is not required to fulfill this definition.
Potentially Related – There is some evidence to suggest a causal relationship (e.g., 
the event occurred within a reasonable time after taking voxelotor). However, 
other factors may have contributed to the event (e.g., the participant’s clinical 
condition, other concomitant events). Although an AE may rate only as “possibly 
related” soon after discovery, it can be flagged as requiring more information and 
later be upgraded to “probably related” or “definitely related”, as appropriate.
Unlikely to be related – A clinical event, including an abnormal laboratory test 
result, whose temporal relationship to voxelotor makes a causal relationship 
improbable (e.g., the event did not occur within a reasonable time after taking 
voxelotor) and in which other drugs or chemicals or underlying disease provides 
plausible explanations (e.g., the participant’s clinical condition, other concomitant 
treatments).
Not Related – The AE is completely independent of voxelotor, and/or evidence 
exists that the event is definitely related to another etiology. There must be an 
alternative, definitive etiology documented by the clinician.

Classification of an AE (Expectedness) *additional information can be found in Attachment A at 
the end of this document

The PI will be responsible for determining whether an adverse event (AE) is expected or 
unexpected.  An AE will be considered unexpected if the nature, severity, or frequency of the 
event is not consistent with the risk information previously described for the study intervention. 

Expected AEs include the following: headache, diarrhea, abdominal pain, nausea, fatigue, rash, 
and pyrexia.

5.5 Time Period and Frequency for Event Assessment and Follow-up
The occurrence of an adverse event (AE) or serious adverse event (SAE) may come to the 
attention of study personnel during study visits and interviews of a study participant presenting 
for medical care, or upon review by the study PI. 

All AEs including local and systemic reactions not meeting the criteria for SAEs will be captured 
on the appropriate study database form. Information to be collected includes event description, 
time of onset, clinician’s assessment of severity, relationship to study product (assessed only by 
those with the training and authority to make a diagnosis), and time of resolution/stabilization 
of the event. All AEs occurring while on study must be documented appropriately regardless of 
relationship. All AEs will be followed to adequate resolution.
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Any medical condition that is present at the time that the participant is screened will be 
considered as baseline and not reported as an AE. However, if the study participant’s condition 
deteriorates at any time during the study, it will be recorded as an AE. 

Changes in the severity of an AE will be documented to allow an assessment of the duration of 
the event at each level of severity to be performed. AEs characterized as intermittent require 
documentation of onset and duration of each episode.

The PI or study coordinator will record all reportable events with start dates occurring any time 
after informed consent is obtained until 7 (for non-serious AEs) or 30 days (for SAEs) after the 
last day of study participation.  At each study visit, the investigator will inquire about the 
occurrence of AE/SAEs since the last visit.  Events will be followed for outcome information until 
resolution or stabilization.

5.6 Adverse Event Reporting
AEs will be reported to Pfizer at regular intervals as required by Pfizer. SAEs will be reported to 
Pfizer within 24 hours after the investigator learns of the event and to the IRB according to IRB 
Policies & Procedures.  The Sponsor-Investigator will be responsible for notifying the FDA of any 
unexpected fatal or life-threatening suspected SAE as soon as possible, but in no case later than 
7 calendar days after Sponsor-Investigator's initial receipt of the information. 

Expected AEs will be recorded in CRFs. 

5.7 Serious Adverse Event Reporting
The study principal investigator will immediately report to Emory IRB according to their Policies 
& Procedures as well as to Pfizer any serious adverse event, whether or not considered study 
intervention related, including those listed in the protocol or investigator brochure and must 
include an assessment of whether there is a reasonable possibility that the study intervention 
caused the event within 24 hours of finding out about the event. Study endpoints that are serious 
adverse events (e.g., all-cause mortality) must be reported in accordance with the protocol unless 
there is evidence suggesting a causal relationship between the study intervention and the event 
(e.g., death from anaphylaxis). In that case, the investigator must immediately report the event 
to the IRB and Pfizer.

All serious adverse events (SAEs) will be followed until satisfactory resolution or until the PI 
deems the event to be chronic or the participant is stable. Other supporting documentation of 
the event may be requested by Pfizer and should be provided as soon as possible.

The Sponsor-Investigator will be responsible for notifying the Food and Drug Administration 
(FDA) of any unexpected fatal or life-threatening suspected adverse reaction as soon as possible, 
but in no case later than 7 calendar days after the initial receipt of the information from the study 
principal investigator. The Sponsor-Investigator or Designee must notify the FDA and all 
participating investigators in an Investigational New Drug (IND) safety report of potential serious 



Voxelotor SCA NIRS Study (VoxSCAN)
Version Date: 10JUN2024

Page 23 of 50 Protocol Version: 3.0 10JUN2024
IRB Form BIO 08102020

risks, from clinical trials or any other source, as soon as possible, but in no case later than 15 
calendar days after the Sponsor-Investigator determines that the information qualifies for 
reporting. In addition, the Sponsor-Investigator is responsible for notifying Pfizer of the FDA 
reported safety event and provide all documentation submitted to the FDA, including the safety 
event narrative.

5.8 Reporting of Pregnancy
In the event of pregnancy that occurs during study, the pregnancy will be reported to GBT 
Pharmacovigilance or Designee and the decision for the participant to continue on study or not 
will depend on the specific situation and will be discussed with GBT Pharmacovigilance or 
Designee. Pregnancies should be monitored for the full duration of pregnancy and/or followed 
through to a definitive outcome. The outcome of a pregnancy event will be reported to GBT 
Pharmacovigilance or Designee. 

5.9 Unanticipated Problems
Definition of Unanticipated Problems (UP)
The Office for Human Research Protections (OHRP) considers unanticipated problems involving 
risks to participants or others to include, in general, any incident, experience, or outcome that 
meets all of the following criteria:

o Unexpected in terms of nature, severity, or frequency given (a) the 
research procedures that are described in the protocol-related documents, 
such as the Institutional Review Board (IRB)-approved research protocol 
and informed consent document; and (b) the characteristics of the 
participant population being studied;

o Related or possibly related to participation in the research (“possibly 
related” means there is a reasonable possibility that the incident, 
experience, or outcome may have been caused by the procedures involved 
in the research); and

o Suggests that the research places participants or others at a greater risk of 
harm (including physical, psychological, economic, or social harm) than 
was previously known or recognized.

This definition could include an unanticipated adverse device effect, any serious adverse effect 
on health or safety or any life-threatening problem or death caused by, or associated with, a 
device, if that effect, problem, or death was not previously identified in nature, severity, or 
degree of incidence in the investigational plan or application (including a supplementary plan or 
application), or any other unanticipated serious problem associated with a device that relates to 
the rights, safety, or welfare of subjects (21 CFR 812.3(s)).

Unanticipated Problems Reporting
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The investigator will report unanticipated problems (UPs) to the reviewing Institutional Review 
Board (IRB) and to the principal investigator (PI). The UP report will include the following 
information:

• Protocol identifying information: protocol title and number, PI’s name, and the IRB 
project number;

• A detailed description of the event, incident, experience, or outcome; 
• An explanation of the basis for determining that the event, incident, experience, or 

outcome represents an UP; 
• A description of any changes to the protocol or other corrective actions that have 

been taken or are proposed in response to the UP.

To satisfy the requirement for prompt reporting, UPs will be reported using the following timeline:  

• UPs that are serious adverse events (SAEs) will be reported to the IRB and to GBT 
Pharmacovigilance or Designee within 24 hours of the investigator becoming aware 
of the event. 

• Any other UP will be reported to the IRB and to GBT Pharmacovigilance or Designee 
within 10 days of the investigator becoming aware of the problem. 

• All UPs should be reported to appropriate institutional officials (as required by an 
institution’s written reporting procedures), the supporting agency head (or designee), 
and the Office for Human Research Protections (OHRP) within 10 days of the IRB’s 
receipt of the report of the problem from the investigator.

5.10 End of Study
A participant is considered to have completed the study if he or she has completed all phases of 
the study including the last visit or the last scheduled procedure shown in the Schedule of 
Activities (SoA). For patients continuing commercial Voxelotor after 12w, the end of treatment 
(12w) visit will also serve as the end of study visit.  Patients who will not continue commercial 
Voxelotor after 12w will complete an end of study visit up to 8 weeks after last study dose.

6. Data and Specimen Banking 
Data obtained during this research may be stored for future use. Data will be stored indefinitely 
on password protected computers on servers managed by Children’s Healthcare of 
Atlanta/Emory University and only accessible be authorized personnel. Paper data is stored in a 
locked cabinet in a locked office. Only study personnel have access to input data into electronic 
database. Data collected and stored will include, but not limited to:

 demographic data
 data collected from surveys
 medical treatment data
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Data will be maintained for the duration of the study and thereafter as required by funding 
sources.

Deidentified data from this study may be requested from other researchers after the completion 
of the primary endpoint by contacting the Principal Investigator and presenting appropriate 
regulatory approvals.

No biological specimens will be retained, and no genetic material will be collected in this study.

7. Sharing of Results with Participants
In the event that medically significant and clinically actionable results are found, this information 
will be shared with providers. Results would be provided to the subject's physician who will 
discuss with the patient or legal guardian and appropriate treatment, repeat testing, genetic 
counseling or follow-up testing would be discussed and decided locally on a case by-case basis.

8. Study Timelines
The duration of an individual participant’s participation in the study is approximately 16 weeks. 
We anticipated enrolling about 5-8 subjects per month, with 9 month expected duration to enroll 
all study participants. The estimated date for the investigators to complete this study is 28 
months. 

9. Inclusion and Exclusion Criteria

9.1 Inclusion Criteria
Subjects will be recruited from the CHOA Aflac Sickle Cell Comprehensive Clinics located at the 
Scottish Rite campus and the Egleston campus.

In order to be eligible to participate in this study, an individual must meet all of the following 
criteria:

1. Written informed parental/guardian consent and participant assent for patients < 18y or 
written informed consent for patients > 18y has been obtained per institutional review 
board (IRB)/Ethics Committee (EC) policy and requirements, consistent with ICH 
guidelines.

2. Stated willingness to comply with all study procedures and availability for the duration of 
the study 

3. Male or female participants, ages 4 to 30 years, inclusive 
4. Homozygous hemoglobin SS (HbSS) or hemoglobin S/beta0 thalassemia (HbS/β0 thal
5. Hemoglobin (Hb): Hb ≤10.5 g/dL at baseline
6. Concomitant hydroxyurea (HU) therapy is allowed if the dose has been stable for at least 

3 months with no anticipated need for dose adjustments during the study and no sign of 
hematological toxicity.

7. Ability to take oral medication and willingness to adhere to daily voxelotor and scheduled 
DCS/NIRS assessments. 
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8. If sexually active and female, must agree to abstain from sexual intercourse or to use a 
highly effective method of contraception throughout the study period and for 30 days 
after discontinuation of study drug. If sexually active and male, must agree to abstain 
from sexual intercourse or willing to use barrier methods of contraception throughout 
the study period and for 30 days after discontinuation of study drug.

9. Females of child-bearing potential, i.e., who have begun menstruation and are sexually 
active, are required to have a negative pregnancy test at screening before the initial 
administration of study drug.

9.2 Exclusion Criteria
An individual who meets any of the following criteria will be ineligible for participation in this 
study:

1. Any one of the following requiring medical attention within 14 days prior to signing the 
informed consent form (ICF):

 Vaso-occlusive crisis (VOC)
 Acute chest syndrome (ACS)
 Splenic sequestration crisis
 Dactylitis

2. Requires chronic transfusion therapy
3. RBC transfusion within 60 days of signing the ICF  
4. Renal dysfunction requiring chronic dialysis or creatinine ≥1.5 mg/dL.
5. Hepatic dysfunction characterized by alanine aminotransferase (ALT) >4× upper limit of 

normal (ULN) for age.
6. Clinically relevant cardiac abnormality, in the opinion of the Investigator, such as:

 Hemodynamically significant heart disease, e.g., congenital heart defect, 
uncompensated heart failure, or any unstable cardiac condition

 An arrhythmic heart condition requiring medical therapy
7. QTcF >450 msec, congenital long QT syndrome, second- or third-degree heart block at 

rest (with the exception of asymptomatic Mobitz type I second degree heart block).
8. Received an investigational drug within 30 days or 5 half-lives, whichever is longer, of 

signing the ICF.
9. Heavy smoker (defined as smoking more than 10 cigarettes/day or its nicotine equivalent 

including e-cigarettes).
10. Unlikely to comply with the study procedures.
11. Other medical, psychological, or addictive condition that, in the opinion of the 

Investigator, would confound or interfere with evaluation of safety and/or PK of the 
investigational drug, prevent compliance with the study protocol, or preclude informed 
consent.

12. Any condition affecting drug absorption, such as major surgery involving the stomach or 
small intestine (prior cholecystectomy is acceptable).
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13. History of malignancy within the past 2 years prior to treatment Day 1 requiring 
chemotherapy and/or radiation (with the exception of local therapy for non-melanoma 
skin malignancy).

14. Clinically significant bacterial, fungal, parasitic, or viral infection currently receiving or that 
will require therapy.

 Participants with acute bacterial infection requiring antibiotic use should delay 
screening until the course of antibiotic therapy has been completed and the 
infection has resolved, in the opinion of the investigator.

 Known active hepatitis A, B, or C infection or human immunodeficiency virus (HIV)-
positive; known active 

 Known active malaria.
15. Pregnant patients
16. Evidence of abnormal high blood flow velocities on TCD of 200 cm/sec or more

9.3 Lifestyle Considerations
During this study, participants are asked to:

 Refrain from using herbal medications (e.g., St. John’s Wort), or medications that are 
sensitive cytochrome CYP3A4 substrates or CYP3A4 modulators, such as fluconazole.

10. Vulnerable Populations

There are no restrictions in the inclusion or exclusion criteria in regard to race, ethnicity, or 
gender. However, SCD is more common in certain ethnic groups including individuals of African 
descent such as African Americans and Hispanic-Americans from Central and South America and 
individuals of Middle Eastern, Asian, Indian, and Mediterranean descent. Thus, we anticipate that 
our cohort will be reflective of this. 

This research includes individuals who are not yet adults. Safeguards are in place to protect their 
rights and welfare. This study research is consistent with the Declaration of Helsinki in that the 
research is necessary to promote the health of children with sickle cell disease. 

Children will not be enrolled without the informed consent of parents and the assent (or consent) 
of the child per IRB/REB/local ethics committee policies and guidelines. 

Declining to participate in the research will not affect their care.

11. Local Number of Participants
Approximately 50 subjects are expected to be accrued in this research. The anticipated accrual 
rate is 5-8 subjects per month.

12. Recruitment Methods

12.1 Subject Identification
Potential participants will be recruited from outpatient sickle cell clinic at Children’s Healthcare 
of Atlanta. Providers, including physicians, advanced practice providers (APPs-nurse practitioners 
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or physician assistants), or genetic counselors will identify potential participants based on their 
diagnoses at the time of their scheduled clinical visits.

Patients under the care of providers at Children’s Healthcare of Atlanta (CHOA) sites who have 
sickle cell disease may be approached for enrollment at any time after being diagnosed.

We plan to enroll children with sickle cell disease with any mix of male or female gender, ranging 
in age from 4 to 30 years.  

IRB approved study team members will identify potential candidates through medical record 
review. Patients and families of the Children’s Healthcare of Atlanta inpatient and outpatient 
sickle cell disease clinics will be contacted by a study team member prior to their scheduled 
appointment.  Patients and families may be approached in the clinic or via a phone call. 

12.2 Screen Failures
Individuals who do not meet the criteria for participation in this trial (screen failure) because 
recent vaso-occlusive crisis (VOC), acute chest syndrome (ACS), splenic sequestration crisis, or 
dactylitis may be rescreened. Rescreened participants should be assigned the same participant 
number as for the initial screening.

Individuals who do not meet the criteria for participation in this study (screen failure) because 
hydroxyurea dose or hemoglobin had not been stable for 3 months may be rescreened. 
Rescreened participants should be assigned the same participant number as for the initial 
screening.

Screen failures are defined as participants who consent to participate in the clinical trial but are 
not entered in the study. A minimal set of screen failure information is required to ensure 
transparent reporting of screen failure participants, to meet the Consolidated Standards of 
Reporting Trials (CONSORT) publishing requirements and to respond to queries from regulatory 
authorities. Minimal information includes demography, screen failure details, eligibility criteria, 
and any serious adverse event (SAE).

13. Withdrawal of Participants

13.1 Discontinuation of Study Intervention
At any point in the study, the child or parents can withdraw from the study. Discontinuation from 
voxelotor treatment will end participation in the study.

13.2 Participant Discontinuation/Withdrawal from the Study
Participants are free to withdraw from participation in the study at any time upon request.
An investigator may discontinue or withdraw a participant from the study for the following 
reasons:
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 Pregnancy
 Significant study intervention non-compliance 
 If any clinical adverse event (AE), such as hypersensitivity to the study drug, laboratory 

abnormality, or other medical condition or situation occurs such that continued 
participation in the study would not be in the best interest of the participant

 If the participant meets an exclusion criterion (either newly developed or not previously 
recognized) that precludes further study participation

 Disease progression which requires discontinuation of the study intervention

The reason for participant discontinuation or withdrawal from the study will be recorded on the 
Case Report Form (CRF). Subjects who sign the informed consent form and subsequently 
withdraw, or are withdrawn or discontinued from the study, will not be replaced.

Once dosed, participants who discontinue/withdraw the study will not be replaced. We 
estimate 40 subjects will be sufficient to achieve the primary, secondary, and exploratory 
endpoints. Our target sample size of 50 allows for approximately 20% drop out rate. This 
dropout rate far exceeds the actual dropout rate in the large multicenter Phase 2a study of 
voxelotor use in pediatrics (GBT440-007). 

13.3 Lost to Follow-Up 
A participant will be considered lost to follow-up if he or she fails to return for scheduled visits 
and is unable to be contacted by the study site staff. 

The following actions must be taken if a participant fails to return to the clinic for a required study 
visit:

 The site will attempt to contact the participant and reschedule the missed visit within 1-
2 weeks and counsel the participant on the importance of maintaining the assigned visit 
schedule and ascertain if the participant wishes to and/or should continue in the study.

 Before a participant is deemed lost to follow-up, the investigator or designee will make 
every effort to regain contact with the participant (where possible, 3 telephone calls and, 
if necessary, a certified letter to the participant’s last known mailing address or local 
equivalent methods). These contact attempts should be documented in the participant’s 
medical record or study file. 

 Should the participant continue to be unreachable, he or she will be considered to have 
withdrawn from the study with a primary reason of lost to follow-up.

14. Risks to Participants
Treatment with this study drug may also involve risks that we currently don’t know about. 

As of  November 2019, commercial Oxbryta (voxelotor) was approved for treatment of sickle 
cell disease in adults and pediatrics 12 years and older. In December 2021, the indication was 
modified to include pediatrics 4 years and older. 
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The most common adverse reactions (incidence >10%) are headache, diarrhea, abdominal pain, 
nausea, fatigue, rash, and pyrexia. Other reported side effects include symptoms like a common 
cold (upper respiratory tract infection), pain (including pain in joints, stomach, chest, and back) 
and vomiting.

All of these side effects were also reported by people who took placebo (a sugar pill, containing 
no voxelotor). Adults and children had sickle cell pain crises during previous and current studies 
with voxelotor, but they occurred as often as in people who received placebo (sugar pill, 
containing no voxelotor); most of these events were thought to be related to SCD. Acute chest 
syndrome and priapism also occurred on other studies with voxelotor – these events were less 
common and are known to be related to SCD. Overall, the sides effects observed in adults and 
children were similar. 

Uncommon side effects (occurring in 0.1 % to 1% of people; between 1 and 10 in a thousand 
people): Allergic reactions that the study doctors thought were caused by voxelotor were also 
reported in one person with SCD. Symptoms of this allergic reaction included face swelling and 
fever. Symptoms went away after the study drug was stopped.

Unknown risks: It is possible that your SCD symptoms will not improve during the study or may 
even worsen. Treatment with this study drug may also involve risks to your future health that 
we currently don’t know about. 

Interaction with other medications: The effects of the study drug may change when taken with 
other drugs.  Among these are carbamazepine, phenytoin, rifampin and St. John’s Wort

Blood draw: The risks of drawing blood from a vein include fainting and pain, bruising, swelling, 
or rarely infection at the needle site. These discomforts are brief and transient.

DCS/NIRS test: The light used in the DCS/NIRS sensor delivers less power than the energy your 
child would receive from the sun on an outdoor walk on a sunny day. This energy is also below 
the American National Standards Institute (ANSI) light levels and is in compliance with the United 
States Food and Drug Administration (FDA).  See Appendix for more information. Children with 
sensitive skin might have minor temporary skin irritation from contact with the optical sensor on 
the forehead.

15. Potential Benefits to Participants
Voxelotor is being offered as a treatment for your SCD for the reasons previously indicated. If it 
is effective, symptoms of SCD may improve, however participants may or may not receive any 
benefit from being in this Study. It is possible that your symptoms may get better, stay the same 
or get worse. This study is designed to learn more about the effects of a novel treatment for sickle 
cell disease (voxelotor) on the brain. We hope that the study results will be used to help others 
in the future.



Voxelotor SCA NIRS Study (VoxSCAN)
Version Date: 10JUN2024

Page 31 of 50 Protocol Version: 3.0 10JUN2024
IRB Form BIO 08102020

16. Compensation to Participants
Subjects will be compensated for their time. A $50.00 gift card will be given to the subject after 
completion of each measurement session, for a total up to $250.00 for the completion of all 
study measures. 

17. Statistical Considerations, Data Management and Confidentiality

17.1 Statistical Considerations

Statistical Hypothesis

 Primary Endpoint: CBF and OEF are significantly lower at 4 and 12 weeks of 
treatment with voxelotor compared to pre-treatment levels. Paired t-test or 
Wilcoxon signed-rank test will be used to evaluate results, as patients are their 
own controls.

 Secondary Endpoints: The change in OEF and CBF from pre-treatment levels are 
significantly correlated with the change in hemoglobin. The change in OEF and CBF 
from pre-treatment levels are correlated with markers of hemolysis.

Sample Size Determination

This is a pilot study involving 50 participants to define the magnitude of change. Power 
cannot be calculated at this time. 

Populations for Analyses

There will be one dataset for this pilot study of 50 participants. 

17.2 Statistical Analyses
General Approach
As the primary objective of this study is to obtain clinical and laboratory information 
to justify a larger clinical efficacy trial of voxelotor in SCA patients, the results of this 
study will be descriptive.  

Analysis of the Primary Efficacy Endpoint
To test our hypothesis that voxelotor reduces oxygen extraction and blood flow, we 
will compare changes in the DCS/FDNIRS-measured outcome variables (CBF, OEF, 
CMRO2) from baseline levels using one-sample paired t-test or Wilcoxon signed-rank 
test, as appropriate. Measures will be adjusted for the increase in hemoglobin 
observed (i.e., relative change in OEF per g/dL change in hemoglobin).

Analysis of the Secondary/Exploratory Endpoints
Linear mixed-effects regression models with random-intercept at the patient level will 
be used to examine the association of each outcome measure (OEF, CBF, and CMRO2) 
with demographical (sex and age) and laboratory data (Hb, reticulocyte count, 
bilirubin, LDH, Hb occupancy, oxygen dissociation curves, RBC deformability and 
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mitochondrial content). These models will be two-level and will account for repeated 
measures (0, 4, and 12 week measurements) nested within the same patient. 

Safety Analysis 
AEs will be coded by MedDRA terminology. Each AE will be counted once for a given 
participant. Severity, relationship to study drug, expectedness, dates, outcome, and 
duration of AEs will be reported. 

Baseline Descriptive Statistics 
Due to the anticipated small number of participants descriptive statistics will be 
used primarily to present the chart-extracted data. Summary of patient 
characteristics such as age, prior sickle cell complications, disease-modifying 
therapy, laboratory and radiology findings and outcomes will be presented. 
Descriptive analyses will involve calculation of proportions (frequencies) for 
categorical data. For continuous variables, mean and standard deviation (normally 
distributed data) or median and interquartile ranges (not normally distributed data) 
will be presented. Chi Square (or Fisher’s Exact test as applicable) will be used to 
compare categorical variables presented as proportions of total. Student’s t-test or 
one-way ANOVA will be used to compare continuous parametric variables and non-
parametric variables, respectively. Aid in statistical analysis, if indicated, will be 
sought via the Emory Biostatistics Core.

Tabulation of Individual Participant Data

Individual participant data will be listed by measure and time point.

17.3 Data Management, Quality Assurance and Quality Control 

Data Collection and Management Responsibilities
Data collection is the responsibility of the study team under the supervision of the 
principal investigator. The investigator is responsible for ensuring the accuracy, 
completeness, legibility, and timeliness of the data reported.

All source documents will be completed in a neat, legible manner to ensure accurate 
interpretation of data.  

Hardcopies of the study visit worksheets will be provided for use as source document 
worksheets for recording data for each participant enrolled in the study.  Data 
recorded in the electronic case report form (eCRF) derived from source documents 
should be consistent with the data recorded on the source documents. Data will be 
recorded in password-protected database accessible only by PI and the study 
personnel. Any paper source documents will be stored in a locked cabinet in the 
Investigator’s office. 
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Quality Assurance and Quality Control

Study staff are trained extensively on the operation of the DCS/FDNIRS device prior 
to performing measurements. Documentation regarding device settings, sensor 
settings, and sensor positioning is completed at each measurement session. Periodic 
performance testing of the DCS/FDNIRS device is completed routinely with calibration 
standards.  

The clinical site will perform internal quality management of study conduct, data 
collection, documentation and completion. The PI will check the quality and accuracy 
of data entry. The research lab conducts quality control on all its instrumentation and 
lab protocols. 

Summarized data will be provided to GBT in study progress reports. 

17.4 Study Record Retention
There is no set time for destroying information collected for this study.  As this is an 
investigational, pilot study, we may use the data for future studies, and we also may need to 
access additional clinical information of the patient in the future as we delve deeper into the data 
and discover new aspects of the relationship between cerebral hemodynamics and clinical 
condition to explore.

17.5 Protocol Deviations
It is the responsibility of the Principal Investigator to use continuous vigilance to identify and 
report deviations to Emory IRB within 10 working days of identification of the protocol deviation, 
or within 10 working days of the scheduled protocol-required activity.  All deviations must be 
addressed in study source documents, reported to the Emory University IRB and included in the 
study progress reports submitted to GBT.  Protocol deviations must be sent to the reviewing 
Institutional Review Board (IRB) per their policies. The site investigator is responsible for knowing 
and adhering to the reviewing IRB requirements.

18. Provisions to Monitor the Data to Ensure the Safety of Participants
Internal monitoring of the trial for protocol compliance and data accuracy will be the 
responsibility of the Research Administration QA/QI Analyst. The trial will be monitored for 
completion of the informed consent forms, clinical data capture forms, IP dispense logs and 
treatment-related adverse events not related to SCD. In addition, the credentials, delegation of 
authority and training logs will be monitored for study member. The monitoring will occur 
according to the following schedule:

 At least every six months while participants are receiving intervention and
 Annually while participants are in follow-up
 Close-Out Study Visit

 



Voxelotor SCA NIRS Study (VoxSCAN)
Version Date: 10JUN2024

Page 34 of 50 Protocol Version: 3.0 10JUN2024
IRB Form BIO 08102020

Additional monitoring may be performed in the event of Serious Adverse Events if deemed 
necessary by the monitoring committee or if requested by the Principal Investigator.
 
This study will be conducted in compliance with the Aflac Cancer & Blood Disorders Center Data 
Safety Monitoring Board (DSMB) for Phase 1 and 2 pediatric studies. In brief, the role of the Data 
Safety Monitoring Board (DSMB) is to protect the interests of subjects and the scientific integrity 
for all Phase 1 and 2 studies. The DSMB consists of 7 members including a chair, a statistician, a 
pharmacist, and at least one external member.
 
The DSMB meets on a quarterly basis to review current study results, as well as data available to 
the DSMB from other related studies. The DSMB will provide recommendations for each study 
reviewed to change the study or to continue the study unchanged and will determine the 
frequency of future meetings.
 
Data and Safety Board reports for Institutional Review Boards will be prepared. The Principal 
Investigator assumes responsibility for assuring that the study is carried out in accordance with 
the DSMP.
 

DSMP Requirement How this Requirement is Met Frequency Responsible Party(ies)
Site Monitoring at pre-
determined intervals: The 
Principal Investigator has a 
responsibility to ensure that 
the study is following all 
aspects of the protocol.

There should be a standard operating 
procedure to review data (whether a 
sample or 100%) at pre-determined 
intervals to ensure that there is 
adequate documentation of critical 
elements such as eligibility criteria. 
Monitoring is required at the following 
timepoints (but may be done more 
frequently):

 study initiation 
 at least every six months while 

participants are receiving 
intervention and

 annually while participants 
are in follow-up

At a minimum, a review 
is required annually 
when no one has been 
enrolled or the study is 
in long term follow up. 
Additional interim 
monitoring at least 
once every 12-24 weeks 
based on the site 
activity, and more as 
needed, to include the 
possibility of remote 
monitoring.

Delegate a responsible 
party for each requirement 
below*. Self-assessment is 
NOT acceptable. An 
experienced, 
knowledgeable person who 
is independent of the study 
team should serve as 
monitor. A Contract 
Research Organization 
(CRO) may be used. 
Consult the IRB Office 
regarding acceptable 
qualifications for the 
independent monitor, if not 
using an outside expert 
such as a CRO.
 

Real-time review of 
participant data during 
initial data collection.

Inclusion/Exclusion Checklist is 
completed by the CRC and 
reviewed by the PI for approval 
and signoff. The CRC will also 
signoff

This is completed 
when study 
subjects enroll

Study team and PI

100% review of 
regulatory files

Regulatory binder will be 
created to house all Regulatory 
documents for review. 
Regulatory files will be reviewed 
by monitor at monitoring visits.

Start of study, close 
out and as 
necessary in 
between

Team coordinators, 
QA/QI Analyst
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100% review of consent 
forms

Per Aflac policy, all consents are 
reviewed in real time by 2 
separate coordinators.  The first 
review is within 5 days of the 
consent. The next review is 
within 5 days of the first review 
but within 10 days of the 
consent date. Consents will be 
reviewed by monitor at 
monitoring visits.

As consents are 
signed

Team coordinators
QA/QI Analyst

Review of credentials, 
training records, the 
delegation of 
responsibility logs (if 
applicable)

Study training logs are kept in 
the Regulatory Binder for review 
with the upkeep of the 
coordinators. This information 
will be reviewed by monitor at 
monitoring visits.

Reviewed every 
time there are 
study team 
changes as well as 
study amendments

Team coordinators
QA/QI Analyst

Comparison of case 
report forms (CRF) to 
source documentation 
for accuracy and 
completion

Data will be stored on Erin 
Buckley’s lab’s server. The 
assigned monitor will compare 
data in the study database to 
the source data on the CRFs. 
Discrepant data and queries will 
be sent to the study team who 
will be required to respond to 
each item. CRF documentation 
will be reviewed by monitor at 
monitoring visits.

Yearly Review Buckley Lab, CHOA  
QA/QI Analyst 

Review of 
documentation of all 
adverse events

The PI will have oversight on the 
documentation of AE’s which 
will be logged and tracked by 
the study Coordinator and kept 
in the subject’s study chart. AE 
documentation will be reviewed 
by monitor at monitoring visits.

Every time an AE 
occurs the Study 
Coordinator will log 
it. Monitor will 
review at specified 
monitoring 
intervals.

PI, Team Coordinators, 
QA/QI Analyst 

Monitoring of critical 
data points (eligibility, 
study endpoints, etc.)

Data Collection of critical data 
points is the responsibility of the 
study coordinators under the 
supervision of the principal 
investigator. The coordinators 
are responsible for ensuring 
accuracy, completeness, 
legibility, and timeliness of the 
data reported. The monitor will 

Eligibility will be 
confirmed at time 
of patient 
enrollment. Study 
endpoints will be 
reviewed at end of 
each treatment 
period. 
 

Principal Investigator, 
Team Coordinators, 
and QA/QI Analyst
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review critical data points at 
monitoring visits. The PI will 
have oversight over all data 
collected for the study and will 
review all monitoring reports 
upon the completion of a 
monitoring visit. 

Laboratory review of 
processing and storage 
of specimens

Coordinators will process labs. 
Labs are typically shipped same 
day of collection but can be 
stored on site as well. 

If samples are 
stored, they are 
reviewed at the 
visits and close-out 
visit

Buckley Lab, Team 
Coordinators, QA/QI 
Analyst

Assessment of laboratory 
specimens stored locally

The specimens will be stored in 
Buckley lab (HSRB E169)

Yearly Buckley Lab

Test article 
accountability review

Buckley lab is responsible for 
device maintenance and 
calibration. Calibration records 
will be reviewed by monitor at 
monitoring visits.

Calibration will be 
done prior to each 
measurement

Buckley Lab,  QA/QI 
Analyst

Accountability logs, 
dispensing records, and 
other participant records

All IP and IP logs are monitored 
and housed with the Research 
Pharmacist within NCoup. IP 
logs will be reviewed by monitor 
at monitoring visits.
 

Will be monitored 
at least once 
monthly, more 
frequently if an 
active patient is on 
the study

Research Pharmacist, 
QA/QI Analyst

For FDA regulated 
studies, the following 
requirements apply:

How this Requirement is Met Timing, frequency, 
and intensity of 
monitoring

Responsible Party(ies)

Monitoring methods 
(may include centralized, 
on-site, and self-
monitoring)

Previously, CTAC did a review 
after the first 10 subjects and 
the results of that were 
provided in the comments of 
the CR already. The QA/QI 
Analyst will be monitoring this 
study going forward.

As per protocol QA/QI Analyst 

*For international studies, you are required to engage a CRO that is working in the site country and/or to consult with Emory’s 
legal counsel regarding compliance with the country’s clinical research regulations.

 

19. Provisions to Protect the Privacy Interests of Participants

Eligible subjects will be identified by treating physicians, APPs, and/or genetic counselors with 
whom they already have a treating relationship. A description of the study will be provided to 
potential subjects by the provider or a study staff designee. The provider will be able to answer 
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any questions about participation and data to be collected and to ensure that participants’ 
privacy interests are protected. Study interactions will be kept strictly confidential. 

Data will be stored on a secure server maintained by CHOA/Emory University. All data will be de-
identified and aggregated prior to being analyzed and published. 

No personnel will be authorized to use study data or specimen for any other purpose other than 
what falls within the scope of the study. Only authorized personnel will have access to any 
identifying information. The only other groups that will have access to data and specimens are 
members of supervisory organizations, such as IRB, and then only as part of routine review or 
audit.

Any electronic records will be maintained in a de-identified manner in a locked, password-
protected data file/database, and access to this will be limited to the research team, requiring 
both login ID and password. Study data will only be accessed from School of Medicine/ CHOA 
computers that are compliant with all SOM Data security policies and are both backed up and 
encrypted. Any email correspondence between study investigators and staff will be completed 
using emory.edu or choa.org accounts. If study materials need to be transmitted electronically, 
senders will send the email in an encrypted fashion. All research staff have received extensive 
training on storing and transmitting secure data. 

19.1 Publication and Data Sharing Policy
This study will be conducted in accordance with the following publication and data sharing 
policies and regulations:

Any final peer-reviewed journal manuscripts that arise from this study will be submitted to the 
digital archive PubMed Central upon acceptance for publication.

This study will comply with the NIH Data Sharing Policy and Policy on the Dissemination of NIH-
Funded Clinical Trial Information and the Clinical Trials Registration and Results Information 
Submission rule. As such, this trial will be registered at ClinicalTrials.gov, and results information 
from this trial will be submitted to ClinicalTrials.gov. In addition, every attempt will be made to 
publish results in peer-reviewed journals. 

19.2 Conflict of Interest Policy
All study team members will disclose conflicts of interest, which will be managed in ways that 
prevents interference with proper conduct of the study. 

20. Economic Burden to Participants
Participants and/or their families will be responsible for costs associated with fuel, parking, 
childcare, or any procedures considered standard of care. Data and samples for this study will be 
collected at scheduled research visits and/or provided electronically via the internet at their 
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convenience. While participants are responsible for their regular clinical care, they are not 
responsible for any costs associated with this study.

21. Consent Process

Informed Consent

1. Informed consent/assent will be obtained prior to the collection of research data. 
Assent and consent forms will be Institutional Review Board (IRB) approved, and 
assent and consent will be obtained per IRB policies and guidelines. The participant or 
parent/legal guardian may withdraw consent at any time throughout the course of 
the study. A signed copy of the informed consent document will be given to the 
participants' parent/legal guardian. By signing the informed consent form, the 
participant's parent/legal guardian agrees that the participant will be enrolled in the 
study until the participant is withdrawn voluntarily or for any reason.

2. For children under the age of majority or capacity (as locally defined} at the time of 
parental consent, once the child reaches the age of majority or capacity, informed 
consent must be obtained from that subject to allow 1) his/her name, other 
identifying information, data and specimens, to continue to be available to study 
investigators; 2) ongoing collection of research data; and 3) for future contact.

3. Informed consent will include:

o Permission to access and provide clinical data centrally for study-related research

o Permission to contact for future research

o Permission to contact for return of medically significant and actionable research 
results (optional)

o Permission to store de-identified data in a manner such that it can be efficiently 
shared with collaborators and other investigators.

Setting of Consent Discussion

Potential subjects identified by providers will be approached about the study by an 
authorized member of the study staff (e.g. Clinical Research Associate, Research 
Coordinator) at the time of a regularly scheduled clinic visit. The study will be described 
in detail to the Potential Subject/family through a conversation expected to take 15-30 
minutes. To minimize the possibility of coercion, the voluntary nature of participation will 
be emphasized and no compensation for participation will be offered. The Potential 
Subjects/family will be given ample opportunity to ask questions for clarification and will 
be asked to describe their understanding of the study to ensure their understanding. If 
desired by the Potential Subject, they will be allowed to consider and discuss participation 
with other family and sign consent forms to be returned via mail or electronically.

Documentation of Informed Consent
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Paper Assent and Consent forms will be IRB approved and serve as the primary 
documentation of informed consent/assent for the subjects.

Enrollment

The Primary Subject (a child with SCD) will be assigned a Unique Subject Identifier upon 
entry to study.

Non-English-Speaking Participants  

The language(s), other than English, that are understood by prospective participants or 
representatives are unknown. If the patient and/or family is not able to clearly understand 
English, they will have access to this program if they meet eligibility criteria. A CHOA certified 
interpreter will participate in the consent process. CHOA interpreters are available 24 hours/day, 
7 days/week. Consent/authorization will be obtained using the IRB-approved English consent, 
along with a short form in the appropriate language. The interpreter orally translates the English 
consent. Consent is obtained only if consenting staff and the interpreter are convinced that the 
patient/family understands the translation, and all questions have been addressed. It will be 
stressed that treatment is available whether or not the patient/family agrees to participate in the 
study. 

Participants who are not yet adults (children, teenagers)  

This study will enroll children and teenagers who have not attained the legal age/capacity for 
consent for research, as locally defined. Therefore, parents or another Legally Authorized 
Representative will provide informed consent prior to Subject enrollment. 

Assent will be obtained from appropriately aged Subjects who are not yet adults. Local IRB 
guidelines may vary, but generally, assent is not required from children younger than 6 years old, 
verbal assent will be obtained from children 6 to 10 years old, and signed assent will be obtained 
from children aged 10 to <17 years old, subject to Institutional regulations. 

Cognitively Impaired Adults  

All consenting staff will adhere to consenting guidelines and explain all alternatives to 
participation. All questions and concerns are addressed during the consenting process. Subjects 
are encouraged to take home the consent and forms before deciding to participate in this 
research. The consenting process involves asking questions to ensure the subjects understand 
the process and the study.

Adults Unable to Consent  
Consent will be obtained from a LAR for adults who are unable to consent per institutional policy. 
We will utilize institutional research SOPs to document consent in writing.

Waiver or Alteration of Consent Process (consent will not be obtained, required 
information will not be disclosed, or the research involves deception)
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We are requesting a waiver of HIPAA authorization to initially identify participants eligible for this 
research.  

22. Setting
Children’s Healthcare of Atlanta (CHOA) is the main healthcare entity caring for children across 
the state of Georgia, and training site for Emory University pediatric residents and fellows. Faculty 
are employed by Emory University and clinical service occurs at CHOA. Emory University is the 
academic affiliate of CHOA. Our Sickle Cell Disease Program is the largest pediatric program in 
the country, caring for more than 2,000 children and young adults. Combining the latest proven 
technology and research with a caring, child-friendly approach makes the Aflac Cancer and Blood 
Disorders Center of Children's Healthcare of Atlanta—the county’s largest pediatric hematology 
program—a top choice for the treatment of sickle cell disease. The Aflac Cancer & Blood 
Disorders Center’s Clinical Research Office (CRO) houses clinical research coordinators and data 
analysts at Egleston and Scottish Rite for faculty within Aflac.

23. Resources Available

The Principal Investigators will have effort designated for the design, oversight, and management 
of the study.  The Principal Investigator and other site personnel will be credentialed and trained 
to perform research specific activities. Documentation of their training will be maintained in 
study regulatory files.

All Co-Investigators and Study Staff will be trained in the proper conduct of the protocol, the 
research procedures and their duties and functions. Training will be conducted by the Principal 
Investigator or designee via in person or web-based video conferencing. 
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25. Appendix 

Diffuse Optical Spectroscopy Device and Laser Safety
The Diffuse Optical Spectroscopy device employed herein is a research device constructed in house.  It 
employs two Diffuse Optical Spectroscopy systems, one called Diffuse Correlation Spectroscopy (DCS) and 
one called frequency domain near-infrared spectroscopy (fdNIRS). The DCS system uses an 852 nm long-
coherence length laser, two 4-channel photon-counting avalanche photodiodes, and a hardware or 
software autocorrelator board. The fdNIRS system is a customized commercial frequency-domain 
oximeter with 8 near-infrared laser sources ranging from 650 to 830nm and 4 photomultiplier tube (PMT) 
detectors.  Both DCS and fdNIRS components fit on a portable cart that can be wheeled to the subject’s 
bedside.  The light from/to these devices is delivered to/from the tissue of the subject through fiber optic 
cables arranged within a custom-designed optical sensors. The optical fibers are arranged on a rectangular 
flexible sensor of a size no larger than 3 in2. The fibers are flexible and are modified to emit and collect 
light with a 90-degree angle so that the sensor can lay flat against the skin. 

The American National Standards Institute provides recommendations for the safe use of lasers and laser 
systems that operate between at wavelengths of 0.18 m - 1 mm 103.  According to the ANSI standards, 
the lasers used in both the FDNIRS and DCS devices fall under Class 3b, meaning that they may be 
hazardous for direct eye exposure, but there is a low probability of tissue injury for diffuse reflectance. A 
summary of the ANSI laser classifications can be found here. 

The Maximum Permissible Exposure (MPE)
According to ANSI standards, the single most useful number for laser safety calculations is the Maximum 
Permissible Exposure (MPE, with units of power per area). The 
MPE is the maximum irradiance or radiant exposure that may be 
incident upon the eye or the skin without causing biological 
damage.

 Skin:

𝑀𝑃𝐸 = 0.2 
0.2 ∙ 𝐶𝑎

,𝜆 < 0.7𝜇𝑚
,𝜆 > 0.7𝜇𝑚 

 Eyes:

𝑀𝑃𝐸 = 0.001 
0.001 ∙ 𝐶𝑎

,𝜆 < 0.7𝜇𝑚
,𝜆 > 0.7𝜇𝑚 

where 𝐶𝑎 = 102(𝜆―.7) and  is the operating wavelength of the 
laser. Note that in these calculations,  is measured in μm not 
nm (i.e. 700 nm = 0.7μm).  Table 1 shows the MPE values for 
wavelengths in the near-infrared that are routinely used in our 
FDNIRS/DCS device.  

MPE is dependent upon the specifications of the optical 
system. Here we list laser specifications, along with the 
specifications for the fiber optic-based sensors that we have 
custom designed for our FDNIRS and DCS devices.  

FDNIRS: up to 16 low power laser diodes. The diodes are 
multiplexed so that only one diode is “on” at a time.  
These diodes are commonly used lasers on a wide range 
of applications and contain the same semiconductor 
active media as LEDs. They are operated in continuous 
wave (CW) mode.

Wavelength 
(nm)

MPE, skin 
(W/cm2)

MPE, eye 
(W/cm2)

660 0.20 0.0010

670 0.20 0.0010

680 0.20 0.0010

690 0.20 0.0010

700 0.20 0.0010

710 0.21 0.0010

720 0.22 0.0011

730 0.23 0.0011

740 0.24 0.0012

750 0.25 0.0013

760 0.26 0.0013

770 0.28 0.0014

780 0.29 0.0014

790 0.30 0.0015

800 0.32 0.0016

810 0.33 0.0017

820 0.35 0.0017

830 0.36 0.0018

840 0.38 0.0019

850 0.40 0.0020

860 0.42 0.0021
Table 1

http://www.research.northwestern.edu/ors/forms/laser-safety-handbook.pdf
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λ = Wavelengths range from 660 to 830 nm (0.66-0.83 um)
ΦL = Power at the laser <20 mW (0.02 W)
Φ = Power at the probe <10 mW (0.01 W)
a = Beam diameter at the probe ~ 0.30 cm
NA = Fiber’s numerical aperture ~ 0.37  
φ = Beam divergence = 2arcsin 𝑁𝐴~ 0.76 rad

DCS: A single solid-state, long coherence-length (>5 m) laser, which is essentially a laser diode 
with a longer cavity. Because the detection fibers required for DCS measurements are single mode 
fibers, a higher power laser (compared to FDNIRS) is required.  The laser is operated in continuous 
wave mode.

λ = wavelength = 852 nm
ΦL = Power at the laser = 100 mW (0.1 W)
Φ = Power out of the sensor = 25 mW (0.025 W)
a = Beam diameter at the sensor > 0.30 cm
NA = Fiber’s numerical aperture ~ 0.37
φ = beam divergence = 1.57 rad (because we add a diffuser to the sensor surface)

Calculation of Irradiance of FDNIRS/DCS Lasers
The following formula is used to calculate what is the irradiance (E) of our lasers:

E=power (W)/spot area (cm2)
All of our FDNIRS/DCS custom sensors are designed such that the irradiance is less than the stated 
wavelength-dependent ANSI MPE for skin exposure.  For example, for the DCS laser, we use a 0.3cm beam 
diameter (radius, r = 0.15cm) at the sensor and the laser power (Φ) out of the sensor is 25mW, thus the 
irradiance to the skin from our laser is:

𝐸 =
Φ

𝜋 𝑟 2 2 =0.35 W/cm2

As Table 1 shows, this irradiance of 0.35 W/cm2 is less than the MPE at 852nm of 0.40 W/cm2.  We have 
performed similar calculations for all of our FDNIRS lasers to confirm that they also yield irradiance levels 
that fall well below MPE limits.

Nominal Hazard Zone (NHZ)
In addition to the MPE, the other major specification used in laser safety calculations is the Nominal 
Hazard Zone (NHZ). The NHZ is the distance within which the irradiance of the laser beam is greater than 
the MPE. This distance depends not only on the wavelength of light and time of light exposure, but also 
on the beam’s path to your eye, e.g., direct viewing, specular reflectance, or diffuse reflectance.  Due to 
divergence, as the distance from the source or focus of the beam (or its reflection) increases, the 
irradiance (E) decreases. That boundary defines the NHZ.

The Nominal Ocular Hazard Distance (NOHD) for any particular laser represents the distance (rNOHD) 
within which it is possible to exceed the MPE:

 𝑟𝑁𝑂𝐻𝐷 =
1
𝜑

4Φ
𝜋𝑀𝑃𝐸

― 𝑎2,

where a is the diameter of the beam coming from 
the light source (cm), and Φ is the laser power (W). 𝜑 is the beam divergence (rad) is equal to 2arcsin 𝑁𝐴, 
where NA is the numerical aperture of the light source (rad).
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Calculation of Nominal Ocular Hazard Distance (NOHD) of Our Lasers
For the FDNIRS lasers, using the following parameters:

Φ = 0.020 W
r = 0.3 cm
φ = beam divergence = 0.76 rad = 43
MPEe at 785 nm = 0.0014 W/cm2

We find that the rNOHD = 5.65 cm  (6.32 cm for Φ= 0.025 W).  For the DCS laser, which has a wider divergence 
angle (φ = 1.57 rad = 90), rNOHD = 2.73 cm.  For comparison, using typical parameters of a laser pointer, 
we see that these ocular hazard distances are quite small:

Φ = 0.005 W
r = 0.3 cm
φ = 1mrad = 0.001 rad
MPEe=0.001
rNOHD=2,505 cm (25 m)

Calculation of Minimum Optical Density Eyeglasses Needed for the Irradiance of our Lasers:
OD=log(E/MPEe)=2.3 at 785nm for 20mW power. However, since the NOHD of our lasers is less than 10 
cm, our lasers can be considered as class IIIA and therefore safety eyeglasses are not needed 104.  See the 
excerpts below for more information (page 46):

Under IEC requirements, the assessment of levels of irradiance or radiant exposure for 
the purposes of determining the magnitude of exposure in relation to the MPE within the 
wavelength range from 302.S nm (in the ultraviolet region) to 4000 nm (in the infrared) 
are made at a distance of 100 mm from the laser source. This is to take account of the 
likely closest distance of approach and, for the eye, the minimum distance (the near point) 
at which objects can be clearly focused on the retina. For this reason, when the NOHD for 
a given laser system has been determined to be less than 100 mm (which can often arise 
in the case of laser diodes at the lower levels of class 38), protective measures beyond 
the controlled use of viewing aids may not be necessary, provided that the personnel 
concerned are fully aware of the nature of the potential hazards and the conditions under 
which a hazardous exposure could arise.

 The NOHD is the distance from the source at which the exposure drops to the level of the 
MPE. Beyond this distance intra-beam viewing would be safe for the unaided eye but 
could remain hazardous if magnifying optical instruments were to be used. This is often 
the case in optical-fiber technology, when microscopes and magnifying lenses may be 
used for examining the end of optical fibers or for critical work with small components. 
The extended NOHD is the distance from the source at which the exposure drops to the 
equivalent of the class I AEL contained within a 50-mm diameter centered on the optical 
axis. Beyond this distance the exposure can be considered safe for intra-beam viewing 
even with the use of viewing aids. (Provided, of course, that these do not have a collection 
aperture greater than 50 mm.) The equations for fiber divergence given earlier can be 
used to determine these distances using the procedures described in Chapter 6.

We can thus define three zones (illustrated in Figure 1.17). Within the NOHD there is a 
potential hazard to the eye and eye protection would be needed. Between the NOHD and 
the extended NOHD unaided viewing is safe but the use of viewing aids needs to be 
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controlled. Beyond the extended NOHD there is essentially no hazard and no controls are 
therefore needed.

This concept is particularly useful for dealing with divergent class 3B systems. Class 3B has 
the potential for causing injury to the unaided eye and would thus normally be restricted 
to operation within enclosed laser areas in a similar manner to class 4. It can be found 
with divergent emission, however, particularly at the lower levels of class 3B, that the 
NOHD is considerably less than 100 mm, and that therefore intra-beam viewing would 
not normally present a hazard to the unaided eye. The wearing of eye protection could 
therefore be unnecessary. In fact, when work of a similar nature is being regularly 
undertaken with divergent class 3B systems, it is possible to set up controlled laser 
working areas based on the degree of hazard rather than simply on the laser class.

Class 3B with NOHD Less than 100 mm
The work could be done alongside class 3A systems and similar conditions would apply. 
Personal eye protection need not be worn, but the use of any magnifying optics must be 
restricted and only those viewing aids incorporating suitable eye protection should be 
permitted.

Class 3B with NOHD Greater than 100 mm But Less than 1m
The 1-m limit here is somewhat arbitrary but is intended to indicate a hazard localized to 
the area immediately surrounding the laser source. The wearing of personal eye 
protection is necessary and the area should be enclosed to prevent line-of-sight viewing 
from outside the area but, provided that appropriate warning signs are clearly displayed 
that the area is within premises to which access is normally restricted and that equipment 
is never allowed to be left running while unattended, fully interlocked access should not 
be necessary.

Attachment A
REPORTING SERIOUS ADVERSE EVENTS

Definitions
“Adverse Event” or “AE” means an untoward medical occurrence in a Study subject receiving 
the Pfizer Product, or an individual otherwise exposed to the Pfizer Product, without regard to 
whether there is a causal relationship between the Pfizer Product and the medical occurrence.

“Serious Adverse Event” or “SAE” means any Adverse Event, without regard to causality, that is 
life-threatening (i.e., causes an immediate risk of death) or that results in any of the following 
outcomes: death; inpatient hospitalization or prolongation of existing hospitalization; persistent 
or significant disability or incapacity (i.e., substantial disruption of the ability to conduct normal 
life functions); or a congenital anomaly or birth defect. Any other medical event that, in the 
medical judgment of Principal Investigator, may jeopardize the health of the subject or may 
require medical or surgical intervention to prevent one of the outcomes listed above, also is 
considered an SAE. A planned medical or surgical procedure is not, in itself, an SAE. 
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“Device Incident” is any malfunction or deterioration in the characteristics and/or performance 
of a medical device made available on the market, including use error due to ergonomic 
features, as well as any inadequacy in the information supplied by the manufacturer and any 
undesirable side effect. 

“Serious Device Incident” means any incident that directly or indirectly led, might have led or 
might lead to any of the following: death of a patient, user or other person, temporary or 
permanent serious deterioration of the patient's, user's or other person's state of health, 
serious public health threat. A serious deterioration in health would include: a life-threatening 
illness or injury, a permanent impairment of a body function or permanent damage to a body 
structure or necessitates medical or surgical intervention to preclude permanent impairment of 
a body function or permanent damage to a body structure. Permanent means irreversible 
impairment or damage to a body structure or function, excluding trivial impairment or damage. 

“Reportable Event” means any SAE, Device Incident or Serious Device Incident, whether 
individually or collectively.
If the Pfizer Product is, or contains, a medical device, all references to SAEs herein should be 
read to include the term “Reportable Event.”

Reporting Requirements. Additional information about the requirements herein and detailed 
information about reporting SAEs to Pfizer (including applicable reporting forms and 
completion guide) has been provided to the Principal Investigator and is available on Pfizer’s 
online grant system. Institution will ensure that this additional, detailed, information is 
provided to all Study Staff engaged in the reporting of SAEs.
1. Timing and Scope. Within 24 hours of Institution’s first awareness of an SAE, or immediately 

if the SAE is fatal or life-threatening, Institution will notify Pfizer by fax, email or E2B (as 
concurred with Pfizer) of any SAE for which reporting hereunder is required. SAEs that are 
subject to these reporting requirements are those that occur in: (i) Study subjects who are 
assigned or, in the case of a blinded Study, possibly assigned to receive the Pfizer Product; 
or (ii) individuals otherwise exposed to the Pfizer Product. 

Institution will notify Pfizer of any such SAE within the timeframes set forth herein even if 
complete information is not yet available. Institution will ensure that all Study Staff notify 
Institution of any SAE immediately upon becoming aware. 
2. Reporting Format. Each Study site will report SAEs using one of the following: (i) a reporting 

form approved by the local regulatory authority, (ii) a CIOMS form, (iii) a Pfizer provided 
Investigator Sponsored Research or Clinical Research Collaboration Interventional Serious 
Adverse Event Report Form or (iv) any other form prospectively approved by Pfizer. The 
Reportable Event Fax Cover Sheet provided by Pfizer also must be included with each SAE 
submitted. 

3. Specific SAEs. Exposure to the Pfizer Product during pregnancy or lactation, drug overdose, 
medication error, occupational/environmental exposure to the Pfizer Product and lack of 
efficacy of the Pfizer Product are reportable to Pfizer.
3.1. Exposure during pregnancy and lactation are reported independently from any 

associated SAE. Medication errors and overdoses are reportable only if associated with 
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an SAE. Occupational/environmental exposure is reported independently from any 
associated AE/SAE. 

3.2. Lack of Efficacy is reportable only if associated with an SAE (except for certain 
scenarios which are outlined in the Pfizer provided training materials: vaccines, 
contraceptive and anti-infectives products). 

4. Hy’s Law: If the Pfizer Product is not approved in the US for the indication being studied, 
(irrespective of being authorized/approved elsewhere), cases of potential drug-induced liver 
injury as assessed by laboratory test values (“Hy’s Law Cases”) are SAEs reportable to Pfizer. 
If a Study subject develops abnormal values in aspartate transaminase (“AST”) or alanine 
transaminase (“ALT”) or both, concurrent with abnormal elevations in total bilirubin and 
there is no other known cause of liver injury, that event would be classified as a Hy’s Law 
Case.

5. Crizotinib: If Study subjects will receive crizotinib, any AE of potential sight threatening 
event (“PSTE”) or severe visual loss (“SVL”) must be reported as an SAE in subjects treated 
with crizotinib, even if the study drug is not (or is not otherwise related to) crizotinib. 
5.1. SVL is defined as Grade 3 or Grade 4 eye disorders based on Common Terminology 

Criteria for Adverse Events (“CTCAE”) published by the National Cancer Institute. 
According to CTCAE, Grade 3 eye disorders include symptomatic retinopathy with 
marked decrease in visual acuity (worse than 20/40) or disabling (limited self-care 
activities of daily living). Grade 4 eye disorders include blindness (20/200 or worse) in 
the affected eye. 

5.2. PSTE includes all identified Grade 2 eye disorders listed above (except visual field 
defect) and the following Grade 2 eye disorders: retinal detachment, retinal edema, 
maculopathy, iritis, uveitis, and abnormal visual field tests. 

6. Exclusions. Specifically excluded from the reporting requirements for SAEs is: (i) any SAE 
identified in the Protocol as anticipated to occur in the Study population at some frequency 
independent of drug exposure, unless a Principal Investigator suspects a causal relationship 
between the SAE and the Pfizer Product; and (ii) if the Pfizer Product is an oncology drug, 
any SAE judged by a Principal Investigator to represent progression of the malignancy under 
study, unless it results in death within the SAE reporting period. 

7. Reporting Period. SAEs that are subject to these reporting requirements are those that: 
(i) occur from the first dose of the Pfizer Product or the Study subject’s enrollment in the 
Study (whichever is later) through 28 calendar days after the last administration of the 
Pfizer Product or the subject’s last Study visit (whichever is earlier), or longer if so specified 
in the Protocol; or (ii) occur any time after the 28-day period (i.e., any time after the 
completion of the active study collection/reporting period), if Institution or Principal 
Investigator suspects a causal relationship between the Pfizer Product and the SAE.

8. Follow-Up Information. Institution will assist Pfizer in investigating any SAE and will provide 
any follow-up information reasonably requested by Pfizer.

9. Regulatory Reporting. Reporting an SAE to Pfizer does not relieve Institution of 
responsibility for reporting such SAE to appropriate regulatory authorities, if required.  

10. IMP and SRSD. Principal Investigator will identify the Pfizer Investigational Medicinal 
Product(s) and respective Single Reference Safety Documents to be used for expectedness 
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assessment for the Study and will provide this information via Pfizer’s online grants system 
prior to Study start. 

11. Pfizer-Provided Safety Information. Pfizer distributes ISR line listings to Institutions bi-
annually, or more frequently based on the risk assessment of the ongoing interventional 
clinical studies. 




