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Abstract
Background: Previous natural history studies have advanced the understanding of sickle cell

disease (SCD), but generally have not included sufficient lifespan data or investigation of the

role of genetics in clinical outcomes, and have often occurred before the widespread use of

disease-modifying therapies, such as hydroxyurea and chronic erythrocyte transfusions. To fur-

ther advance knowledge of SCD, St. Jude Children's Research Hospital established the Sickle Cell

Clinical Researchand InterventionProgram (SCCRIP), to conduct research in a clinically evaluated

cohort of individuals with SCD across their lifetime.

Abbreviations: CDC, Centers for Disease Control and Prevention; EMR, electronic medical record; Hb, hemoglobin; NIH, National Institutes of Health; PRO, patient-reported outcome; SCCRIP,

Sickle Cell Clinical Research and Intervention Program; SCD, sickle cell disease; St. Jude, St. Jude Children's Research Hospital
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Procedures: Initiated in 2014, the SCCRIP study prospectively recruits patients diagnosed with

SCD and includes retrospective and longitudinal collection of clinical, neurocognitive, geospatial,

psychosocial, and health outcomes data. Biological samples are banked for future genomics and

proteomics studies. The organizational structure of SCCRIP is based upon organ/system-specific

working groups and is opened to the research community for partnerships.

Results:As of August 2017, 1,044 (92.3% of eligible) patients with SCD have enrolled in the study

(860 children and184 adults), with 11,915person-years of observation. Population demographics

included mean age at last visit of 11.3 years (range 0.7–30.1), 49.8% females, 57.7% treated with

hydroxyurea, 8.5% treated with monthly transfusions, and 62.9% hemoglobin (Hb) SS or HbSB0-

thalassemia, 25.7%HbSC, 8.4%HbsB+-Thalassemia, 1.7%HbS/HPFH, and 1.2% other.

Conclusions: The SCCRIP cohort will provide a rich resource for the conduct of high impactmulti-

disciplinary research in SCD.

K EYWORDS

disease-modifying therapy, natural history, sickle cell anemia

1 INTRODUCTION

An estimated 100,000 individuals in the United States live with sickle

cell disease (SCD),1 and worldwide an estimated 300,000 babies are

born with the disease each year.2,3 The clinical consequences are

severe and include recurrent episodes of acute severe pain, chronic

pain, cerebrovascular events, progressive organ damage, and early

death.

In the United States and other high-income countries, survival

to adulthood of children with SCD has increased over the past five

decades from 50% to greater than 95%.1,4–7 This survival increase is

primarily due to mandatory newborn screening, infection prevention

with penicillin prophylaxis and pneumococcal vaccination, improved

supportive care, and increased use of disease-modifying therapies,

such as hydroxyurea and chronic erythrocyte transfusions.8–13 How-

ever, accumulation of end-organ damage to the heart, lungs, brain,

kidneys, and bones continues to occur.14 This organ damage man-

ifests in young adults with higher rates of acute health utilization,

emergency room reliance, and hospitalization.15,16 Disease-related

mortality rises in young adults and the median age of death among

adults with hemoglobin (Hb) SS and HbS𝛽0-thalassemia is mid to late

40s.1,17,18

Understanding the natural history of SCD across the lifespan

in the contemporary medical environment is crucial, because the

substantial improvement in pediatric survival contrasts with lesser

gains in health outcomes among adults. A particular challenge is

the assessment of clinical outcomes during the vulnerable period of

transition from the pediatric to the adult care setting. During this

transitional period, deficits in preparation, planning, care coordi-

nation, and available skilled adult care providers lead to low rates

of engagement in adult care and interrupt care continuity.19,20

Without an appropriate infrastructure to collect longitudinal

health outcomes data as children age into adulthood, informa-

tion will be limited, insufficient to answer questions examining

disease progression, and unlikely to stimulate progress in the

field.

1.1 Knowledge gained from early SCD cohorts

Three early cohort studies have informed much of our understanding

of the epidemiology and natural history of SCD, although each began

prior to the advent and widespread use of current disease-modifying

therapies; these are the Jamaican Cohort Study (1973–1981),21,22

the Cooperative Study of Sickle Cell Disease (1979–1999),23,24 and

the Dallas cohort study (1983 to present)25 (Table 1). These stud-

ies provided the foundation for understanding variations in the dis-

ease severity phenotype, acute complications of SCD, survival rates,

mortality risks, laboratory values, and the basis for sepsis and stroke

prevention.6,26–41 Over the past decade, clinical trials have demon-

strated the benefit of hydroxyurea 42,43 and erythrocyte transfusions

for stroke prevention, building on the knowledge from earlier cohort

studies. More recently, smaller retrospective and prospective cohort

studies have shown that hydroxyurea may reduce mortality and pre-

vent organ damage.44–48 Thus, SCD cohort studies that factor in long-

term health effects of disease-modifying therapies, such as hydrox-

yurea and chronic erythrocyte transfusions begun in childhood, should

be the gold standard for observational and interventional research

studies in themodern era.

From our current perspective, important limitations of these ear-

lier cohorts were the lack of sufficient longitudinal data to cover the

full lifespan (i.e., studies were focused on either children or adults), the

limited genotype–phenotype studies, and the insufficient exposure to

disease-modifying therapies. The long-term follow-up of the phase III

BABYHUG study (NCT00890396) has beenmonitoring the long-term

effects of hydroxyurea therapy, but this cohort study is relatively small

and data collection has ended.More recent cohorts that have included

patients exposed to disease-modifying therapies have lacked sufficient

internal comparative groups, such aspatients not exposed to therapies,

limiting their external validity.

1.2 Scientific importance of SCCRIP

Longitudinal evaluation of outcomes throughout the lifespan will

enhance our understanding of disease progression, identify early
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predictors of later outcomes, elucidate the roles of genetic, pro-

teomics, and environmental factors on health outcomes, and define

the long-term impact of therapies. To address these goals and circum-

vent the limitations of prior studies, we initiated the Sickle Cell Clinical

Research and Intervention Program (SCCRIP, NCT 02098863). Here

we describe the design of SCCRIP, including its systematic approach

to data abstraction according to developmental stage, particularly the

transition from pediatric to adult care, and how the phenotype data

are being classified in a fashion that can be compared across multiple

institutions.

2 METHODS

2.1 Study aims and design

Initiated in April 2014, SCCRIP is a cohort study with prospective

follow-up, ongoing data accrual, and retrospective collection of exten-

sive clinical history. The overarching goal of SCCRIP is to under-

stand the clinical, biological, and psychosocial progression of SCD

and factors contributing to early mortality across the lifespan, with

the ultimate goal of facilitating effective therapies. The objectives

are two-fold: (1) to establish a longitudinal clinical cohort of patients

with SCD; and (2) to establish a biorepository of DNA, urine, and

plasma.

2.2 SCCRIP participating sites

SCCRIP enrolls patients from five institutions (Figure 1). These sites

were chosen based on the size of their SCD population, their relation-

shipwith St. Jude Children's ResearchHospital (St. Jude), and ability to

perform uninterrupted data collection from birth through adulthood.

St. Jude, the clinical and data coordinating site, treats 850 children

with SCD from birth to age 18 years. Through Tennessee and Missis-

sippi StateHealthDepartment contracts, St. Jude has been the referral

treatment center for new SCD cases from west Tennessee and north

Mississippi, diagnosed through the newborn screening programs in

those states, for the past 20 years. Following referral to St. Jude, 100%

of infants with newly diagnosed SCD are seen in the SCD clinic and

initiate penicillin prophylaxis within 2 months.49 Care provided by St.

Jude is free (including medications), and support with transportation

andmeals is provided during regular and study visits.50 Approximately

80% of St. Jude patients transfer care to the Comprehensive Sickle

Cell Program in the partnering Methodist University Hospital, ensur-

ing care continuity and uninterrupted research data ascertainment.51

The Methodist University Hospital is located 2.5 miles from the St.

Jude campus, and currently cares for 300 adults, of whom approxi-

mately 90%are former St. Judepatients. After transitionof care, adults

are followed similarly to children, with health-maintenance visits at

least twice per year when chronic end-organ damage is performed as

standard of care. The remaining three sites belong to the St. Jude Affil-

iate Program and share the purpose of extending protocol-structured

treatment and research through clinical, research, and academic part-

nerships. Supportwithmeal expenses and transportation costs related

F IGURE 1 SCCRIP participants’ geographical distribution. The
1,044 SCCRIP participants are distributed among the following five
sites in four states: two in Memphis, TN (St. Jude Children's Research
Hospital and Methodist University Hospital), one in Peoria, IL (OSF
Healthcare Children's Hospital of Illinois), one in Charlotte, NC
(Novant Health Hemby Children's Hospital), and one in Baton Rouge,
LA (Our Lady of the Lake Children's Hospital)

to study visits are provided by St. Jude. Collectively, these five insti-

tutions care for approximately 1,600 individuals with SCD and con-

tribute geographic, social, and environmental diversity to the SCCRIP

clinical cohort.

2.3 SCCRIP organizational structure

The SCCRIP multidisciplinary research team blends expertise in

pediatric and adult hematology, nephrology, pulmonology, cardiology,

radiology, pain, psychology, bone metabolism, transfusion medicine,

epidemiology, genetic epidemiology, biostatistics, social sciences, com-

putational biology, bioinformatics, geocoding, and data management.

Research-related activities within SCCRIP are divided into nineWork-

ing Groups, which focus on questions related to a specific organ sys-

tem, disease complication, or therapy, and provide primary oversight

for the development and conduct of research initiatives. Investiga-

tors seeking to answer specific research questions are required to

collaborate with the appropriate Working Group(s) and complete a

concept proposal (Supplementary Material S1) that is reviewed and
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F IGURE 2 SCCRIP organizational structure. SCCRIP's scientific ini-
tiatives are driven by the Working Groups, which are composed of St.
Jude and external investigators. The Steering Committee vets all con-
cept proposals from the Working Groups and follows recommenda-
tions from the Executive Committee regarding major study delibera-
tions. Plans are in place to expand SCCRIP collaboration to the SCD
community by allowing access to the SCCRIP resource to external col-
laborators beyond current collaborators

approved by the Steering Committee, comprised of SCCRIP investi-

gators. The SCCRIP Steering Committee evaluates the quality of the

science, design, andanalytical plan for eachnewresearchproposal. The

Executive Committee is responsible for major deliberations and con-

flict resolution within SCCRIP. A number of committees provide over-

sight of activities related to the publication of results from SCCRIP,

and access and utilization of the SCCRIP resource. An external advi-

sory committee, consisting of pediatric oncologists, pediatric hema-

tologists, epidemiologists, and biostatisticians, provides input into the

current and future activities. In the future, it is our plan toopenSCCRIP

data access to the broader SCD research community. In this model,

non-SCCRIP investigators will have access to SCCRIP data and sam-

ples, once approved by the Steering Committee. Figure 2 outlines the

organizational structure for SCCRIP.

2.4 Subject sampling and follow-up strategy

Participants are prospectively recruited if they have a diagnosis of

SCD of any type and receive treatment at one of the five participat-

ing sites. Participants are not selected based on disease severity or

treatment exposure. Prospective data collection starts at study enroll-

ment, but existing clinical and laboratory data, when available, are ret-

rospectively collected from the point of first encounterwith the health

care system. This strategy for data collection allows for reconstruc-

tion of the participant's entire medical and treatment history regard-

less of the age at enrollment. There is no final enrollment goal for the

study. Rather, we plan to approach and enroll the entire SCD popu-

lation managed by all participating sites. Once enrolled, participants

are categorized according to one of the following six developmental

age cohorts: newborn (0 to 5.9 months), infant-toddler (6 months to

5.9 years), school age child (6–11.9 years), adolescent (12–17.9 years),

young adult (18–24.9 years), and older adult (25 andolder). This cohort

categorization allows for the classification of clinical and laboratory-

based variables according to age, facilitating both longitudinal and

age-stratified analyses.

2.5 Data variables

All clinical and laboratory assessments performed as standard of care

for SCD are defined by national standards or institutional clinical

practice.52 SCCRIP data are collected at standard intervals and classi-

fied into the following three tiers (Table 2): universal (e.g. Hb fraction-

ation, urine microalbumin), risk-based (e.g. transcranial Doppler ultra-

sound in children aged 2–16 years with HbSS and HbS0-thalassemia),

and symptom-based (e.g. magnetic resonance imaging to investigate

osteonecrosis due to prolonged joint pain, impaired range of motion,

and debility). Healthcare utilization (e.g. admission, acute care vis-

its) and educational attainment data are also collected for the entire

cohort. Additionally, participants are offered optional research activ-

ities every 6 years, including banking of biospecimens (urine, plasma,

and DNA), measurement of high sensitivity C-reactive protein, and

assessment of health-related quality of life using the PedsQLTM

instrument (generic, SCD, and multidimensional fatigue modules, and

the corresponding adult versions once participants reach adult age)

(Table 2).53–55 After transition from pediatric to adult clinical care,

SCCRIP adult participants return to St. Jude every 6 years for compre-

hensive data collection to assess disease status.

2.6 Consenting process and institutional review

board oversight

Subjects are approached during nonacute health maintenance visits

and informed consent is obtained directly from participants who are

18 years of age and older or their legal guardian, if subjects areminors.

Verbal assent is obtained from minors who are between the ages of 7

and 13 years, and signed assent from those between 14 and 17 years

of age.When participants reach the age ofmajority (18 years), they are

reconsented into the study.

A tiered consent provides subjects with opt-in/opt-out choices

for participating in the research activities beyond the collection

of past and future standard of care data (Table 2, optional evalua-

tions). Extensive discussion regarding future genetic testing takes

place during informed consent, including the information that these

studies are performed in a laboratory not approved by Clinical

Laboratory Improvement Amendments and will not be returned to

the participants. Opt-in/opt-out choices for recontacting partici-

pants due to incidental findings are provided. Examples of potential

future research with subjects’ biospecimens and the potential

risks to loss of privacy are discussed in the context of genomics

research. Public sharing of genetic data will occur according to

the National Institutes of Health (NIH) Genomic Data Sharing Policy

(https://grants.nih.gov/grants/guide/notice-files/NOT-OD-14-124.html)

for NIH-funded projects. Access requests from non-SCCRIP investiga-

tors for combined genetic and phenotypic data for hypothesis-driven

research may be approved after completion of a concept proposal

(Supplementary Material S1). The SCCRIP Steering Committee will

evaluate external concepts on the scientific significance, innovation,

and approach of their proposed project as well as the investigative

team, research environment, and funding availability.

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-14-124.html
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F IGURE 3 Consort diagram for SCCRIP. The overall acceptance par-
ticipation rate is 92.3% and acceptance of optional research activities
(biobanking of DNA, urine, and plasma) is 97.9%

3 DATA MANAGEMENT

SCCRIP study staff document all interactionswith eligible and enrolled

participants through an electronic tracking database. The program

generates reports that summarize enrollment and study-related

information and notifies study staff of upcoming study events for

each subject, such as time to complete age of majority consents and

time to enter study-specific orders. Data sources for SCCRIP include

patient-reported outcome (PRO) surveys and data electronically or

manually abstracted from medical charts. PRO data are gathered

electronically using amobile device (tablet), and stored in an electronic

data management system, to later be extracted and deposited into

the SCCRIP database. Clinical data are extracted in a table format

from each site's electronic medical record (EMR, Cerner R© or Epic R©

software systems) through a series of queries or custom reports, which

local information technology staff develop and execute regularly. Data

from external sites are securely transmitted and uploaded to St. Jude

regularly using Health Insurance Portability and Accountability Act–

compliant protocols. Participants’ addresses are geocoded annually

using ArcGIS (Esri, Redlands, CA) to determine the socio-economic

characteristics of participants’ neighborhoods and proximity to both

resources (e.g. food access, parks, schools) and environmental hazards

(e.g. interstates, airports). Once collected, SCCRIP phenotype data

undergo an additional iterative step to match the clinical events

according to the consensus measures for phenotypes and exposures

(PhenX) toolkit. (https://www.phenxtoolkit.org).56 Approximately

80% of SCCRIP and PhenX data are concordant (Supplementary

Table S1).

To facilitate data analyses, an annual data freeze is performed. For

each data domain, computer programs (1) download and performqual-

ity control checks; (2) merge data from disparate sources; (3) import

relevant data fields from other external sources; and (4) save a sin-

gle analytical dataset containing all required data elements. SCCRIP

data management operations require a substantial amount of human

resources. Currently, the study has two data managers who perform

data extraction, data structuring, and data cleaning and seven research

coordinators who perform patient consenting, PRO collection, and

manual data abstraction, and help coordinate data transfer from all

sites.

3.1 Data analysis plan and lost-to-follow-up tracing

The assigned study statistician will conduct the analytical plan and

return aggregate results and graphical display of data to the inves-

tigators for manuscript or grant preparation. A system to trace

lost-to-follow-up from death is in place through annual searches of

the National Death Index, a program maintained by the National

Center for Health Statistics from the Centers for Disease Control

and Prevention (CDC). These annual searches will allow for mor-

tality ascertainment (date and cause of death) for lost-to-follow-up

cases.

4 RESULTS

4.1 Participant enrollment

As of August 27, 2017, 1,044 subjects (860 children and 184 adults)

with SCD have enrolled across the five participating sites, yielding

in 11,915 person-years of observation. The overall participation

acceptance rate is 92.3% (Figure 3). Of the 1,131 subjects approached

to date, only 30 (2.7%) declined participation. An additional 57 sub-

jects refused enrollment when initially approached, but asked to be

re-approached at a future date. Of those who agreed to participate,

1,022 (97.9%) consented to optional tests including quality of life

questionnaires and biospecimen banking (Figure 3). Among the 22

subjects who refused the optional studies, the most common reason

for refusal was “do not want to spend extra time due to research

activities”.

The characteristics of enrolled participants are shown in Table 3.

Most participants (860, 82.4%) are younger than the age of 18 years.

Collectively, 66.4% of participants are exposed to disease-modifying

therapy; hydroxyurea 57.7%, chronic erythrocyte transfusions 8.5%,

and bone marrow transplant 0.2%. The mean ages when hydrox-

yurea and chronic transfusions were initiatedwere 7.3 (±5.41) and 5.3
(±3.68) years, respectively. The mean age at the time of the bone mar-

row transplantation procedure was 11.9 (±5.59) years. For the sub-

jects exposed to disease-modifying therapies, the observation period

(in person-years) is slightly greater before study enrollment than that

post enrollment, that is, 4,035 versus 3,438 person-years, respectively.

https://www.phenxtoolkit.org
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TABLE 3 SCCRIP participants’ characteristics

Age cohort

Newborn, 0–0.59
years

Infant-
toddler,
0.6–5.9
years

School age,
6.0–11.9
years

Adolescent,
12.0–17.9
years

Young adult,
18.0–24.9
years

Mature
adult,>25.0
years Totala

Number enrolled
(%)

0 259 (24.8) 366 (35.1) 235 (22.5) 173 (16.6) 11 (1.1) 1,044

Mean age in years
(±1 SD)

0 4 (1.6) 10 (1.6) 15.9 (1.7) 21.2 (1.7) 27 (1.6) 11.3 (6.4)

Gender (% female) 0 51.9 48.5 48.7 50.9 54.5 49.8

Race (%)

Black/African
American (%)

0 257 (99.2) 361 (98.6) 235 (100) 172 (99.4) 11 (100) 1,036 (99.2)

White 0 1 (0.4) 3 (0.8) 0 1 (0.6) 0 5 (0.5)

Other 0 1 (0.4) 2 (0.6) 0 0 0 3 (0.3)

Health insurance (%)

Governmentb 0 201 (77.6) 264 (72.1) 173 (73.6) 111 (64.2) 6 (54.5) 755 (72.3)

Commercial 0 56 (21.6) 93 (25.4) 55 (23.4) 42 (24.3) 1 (9.1) 247 (23.7)

Uninsured 0 2 (0.8) 9 (2.5) 7 (3.0) 20 (11.6) 4 (36.4) 42 (4.0)

Disease-modifying therapy (%)

Hydroxyurea 0 114 (44.0) 192 (52.4) 134 (57.0) 153 (88.4) 9 (81.8) 602 (57.7)

Monthly
erythrocyte
transfusions

0 5 (1.9) 32 (8.7) 31 (13.2) 21 (12.1) 0 89 (8.5)

Hematopoietic
stem cell
transplant

0 0 1 (0.3) 1 (0.4) 0 0 2 (0.2)

Mean distance from site (miles)

≤30 0 185 (71.4) 215 (58.7) 165 (70.2) 123 (71.1) 8 (72.7) 696 (66.6)

31–50 0 21 (8.1) 39 (10.6) 18 (7.6) 10 (7.4) 1 (9.1) 89 (8.5)

51–100 0 41 (15.8) 84 (22.9) 47 (20.0) 35 (20.2) 2 (18.1) 209 (20.0)

>100 0 12 (4.6) 28 (7.6) 5 (2.1) 5 (2.8) 0 50 (4.7)

Sickle genotypes (total number)

HbSS or HbS𝛽0-
thalassemia

0 167 213 158 113 6 657

HbSC 0 63 108 48 45 4 268

Hbs𝛽+-
thalassemia

0 20 33 22 12 1 88

HbS/HPFH 0 5 7 3 3 0 18

HbSD 0 1 3 0 0 0 4

HbS/Black
(A𝛾𝛿𝛽)0-
thalassemia

0 1 0 1 0 0 2

HbSOArab 0 1 0 1 0 0 2

HbS/N
Baltimore

0 1 0 0 0 0 1

HbSE 0 0 2 0 0 0 2

HbS/Hope 0 0 0 1 0 0 1

HbCHarlem
disease

0 0 0 1 0 0 1

HPFH denotes hereditary persistence of fetal hemoglobin.
aTotal count includes participants who expired while on study.
bGovernment insurance includesMedicaid andMedicare.
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This order will reverse as the cohort ages. The distribution of sickle

genotype and gender is similar among age cohorts, although treat-

ment exposure and the proportion of uninsured subjects increase with

age (Table 3). Approximately 40% of participants live within a census

tract defined as high vulnerability using the CDC's Social Vulnerabil-

ity Index.57 There were no significant differences in sex, age distribu-

tion, sickle genotype, or treatment exposure between subjects who

agreed (N = 1,044) and those who declined (N = 30) to participate in

SCCRIP.

4.2 Subject retention

Since enrollment initiation in 2014, four subjects have died and four

have asked to be removed from the study. No participants have been

lost to follow-up. Of the 10 participants who have reached the age of

majority (18 years) and transferred from pediatric to adult care, nine

reconsented to remain in the cohort, while one requested to leave the

cohort. All but one of these nine consenting young adults elected to

continue participating in the optional biobanking activity.

5 DISCUSSION

The progression of end-organ damage and early mortality among indi-

viduals with SCD is not fully understood. Cohort studies are essential

to evaluate the disease course and long-term effects of therapies.

The SCCRIP modern cohort is designed to address these long-term

objectiveswhile addressing limitations of prior studies by (1) providing

lifespan data that include the critical period when children become

adults and end-organ damage becomes evident, (2) banking DNA,

plasma, and urine for future genomic and proteomic studies, (3)

harmonizing data variables with established classification of SCD

phenotypes, and (4) providing an organizational structure that focuses

its multidisciplinary/multi-institutional team of experts on elucidating

SCD progression by organ system and disease complication.

The design of a prospective cohort like SCCRIP provides rigorous

comprehensive, standardized interval classification ofmultiple patient

exposures and outcomes over time. Contemporary cohort studies that

can followpatients for thedurationof their lifetimeare rare andmostly

found in European countries where healthcare is centralized and uni-

versal. SCCRIP parallels European cohorts by tracking participants’

clinical acute and chronic outcomes and response to therapies in a sim-

ilar fashion, but extends them by collecting PROs and systematic pul-

monary, bone, developmental, and neurocognitive data, and through

biobanking.12,58

SCCRIP is a large prospective lifetime cohort study of SCD with

over 1,000 subjects enrolled that addresses many of the limitations

of prior studies by providing a rigorous methodology for systematic

data collection during the pediatric-adolescent years and into adult-

hood, and provides a platform for biomarker studies, including those

of serum protein and metabolite levels and genetics. Furthermore,

SCCRIP examines the influence of social determinants of health on

clinical outcomes.59

Overall acceptance rates have been high for the study. In addition,

acceptance of the optional banking of DNA for future genetic stud-

ies has been remarkably high (97.9%). Research study acceptance and

enrollment have been traditionally low for SCD,60–65 and some reports

have indicated that African Americans are less likely than other racial

and ethnic groups to support genetic studies that require a broad con-

sent for theuseofbiospecimens in genetics research.66,67 Weattribute

our high rate of enrollment to the possible benefit of genetic studies

perceivedbyourpatient population.Additionally, trust in theproviders

and low data collection burden (most data collection is passive) may

playa role in this highacceptance rate. SCCRIPparticipantshave raised

no significant concerns regarding the use of their biospecimens for

future genetic studies, andmost cite possibly contributing to thedevel-

opment of curative therapies as amotivation for study participation.

Currently, important knowledge gaps impede progress in develop-

ing strategies for the surveillance and prevention of complications of

SCD, and evaluation of effectiveness of new treatments. Examples

include, but are not limited to (1) the long-term effects of hydroxyurea,

hematopoietic stem cell transplantation, and transfusion therapy and

the role of new interventions (e.g. anti-inflammatory agents,68,69

Hb affinity modulators,70–72 anti-oxidants,73 and gene therapy74) in

cumulative organ damage; (2) cognitive impairment, both its underly-

ingmechanisms and the impact on social function; (3) the impact of the

environment on the disease course, including poverty, which is preva-

lent in the SCD population; (4) pain control, particularly in patients

who progress to chronic pain; (5) risk factors for bone mineral loss

and osteonecrosis, including vitamin D deficiency, which is prevalent

in SCD,75 and establishment of prevention and treatment guidelines;

(6) risk factors for sickle nephropathy in older children and adults and

the role of renal-modifying therapies; (7) factors underlying the sharp

increase in mortality in young adults, as compared to children; and (8)

how biomarkers can be used to monitor treatment response and dis-

ease severity.76

A major long-term goal of SCCRIP is to utilize genomic studies

to predict SCD outcomes and guide treatment. Biomarkers of SCD

severity, including fetal Hb level and hemolysis indices have a high

heritability and numerous genetic variants are associated with these

traits.77,78 Organ-specific problems, such as sickle nephropathy79

and susceptibility to red blood cell alloimmunization80 are influ-

enced by genetic information that will likely be used prospectively

for therapeutic decisions. We use pharmacogenetics data routinely

to guide codeine use in SCD.81 Thus, we plan to obtain genetic

information on SCCRIP participants in order to interpret their

clinical course in the context of variants known to influence SCD

outcomes, plan prospective studies using this information, and elu-

cidate new genetic modifiers of SCD through phenotype-genotype

correlations.

The strengths of the study design are enrollment of a large unse-

lected population, near complete coverage of the total local population

for each participating institution (i.e. all site patients are approached),

systematic ascertainment of multilevel health outcomes, and a robust

data management infrastructure and plan. In addition, because clin-

ical and laboratorial events are classified according to established

phenotype (PhenX), it allows for cross analysis between SCCRIP and

hpan
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other studies. Another major strength is how the cohort will serve

as a resource to the broader SCD research community in the future.

Non-SCCRIP investigators will be able to request access to SCCRIP

data by developing concept proposals that are vetted by the Steer-

ing Committee, in addition to combining their own datasets with

that of SCCRIP to bolster sample size, whenever applicable. Limi-

tations of the study include the exclusion of subjects not treated

by the participating institutions, limiting generalization beyond the

geographical location of the participating sites. In addition, if sub-

jects join the cohort, but were previously treated by other institu-

tions, complete past health records may be unavailable. However,

participants without complete retrospective records are a minority

(<1%) of the study population, minimizing the risk of incomplete ret-

rospective data ascertainment. Finally, because SCCRIP initiated in

2014, and participants joined the cohort at different ages, the obser-

vation time for the period prior to study enrollment was greater

than that post enrollment, that is, 10,077.4 and 1,837.4 person-years,

respectively. However, except for the optional research activities that

only occur after enrollment, the methodology for data abstraction

form the EMR for the period prior to and after enrollment is the

same.

SCCRIP is a contemporary natural history cohort study of SCD that

provides data ondisease progression, education outcomes, and health-

care utilization throughout the lifespan of patients with SCD, some

exposed to current and future disease-modifying therapies, such as the

newly approved L-glutamine.82–84 Thedetailed and standardized char-

acterization of the disease phenotype in SCCRIP, coupled with future

genetic, socio-environmental-behavioral, andproteomic studieswill be

a unique resource for advancing the understanding of SCD. Elucidation

of predictors of disease progression from SCCRIP studies may accel-

erate efforts to develop and improve precision medicine in the SCD

population.
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