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The Clinical Sequencing Evidence-Generating Research (CSER) consortium, now in its second funding cycle, is investigating the effec-

tiveness of integrating genomic (exome or genome) sequencing into the clinical care of diverse andmedically underserved individuals in

a variety of healthcare settings and disease states. The consortium comprises a coordinating center, six funded extramural clinical pro-

jects, and an ongoing National HumanGenome Research Institute (NHGRI) intramural project. Collectively, these projects aim to enroll

and sequence over 6,100 participants in four years. At least 60% of participants will be of non-European ancestry or from underserved

settings, with the goal of diversifying the populations that are providing an evidence base for genomic medicine. Five of the six clinical

projects are enrolling pediatric patients with various phenotypes. One of these five projects is also enrolling couples whose fetus has a

structural anomaly, and the sixth project is enrolling adults at risk for hereditary cancer. The ongoing NHGRI intramural project has

enrolled primarily healthy adults. Goals of the consortium include assessing the clinical utility of genomic sequencing, exploring med-

ical follow up and cascade testing of relatives, and evaluating patient-provider-laboratory level interactions that influence the use of this

technology. The findings from the CSER consortiumwill offer patients, healthcare systems, and policymakers a clearer understanding of

the opportunities and challenges of providing genomic medicine in diverse populations and settings, and contribute evidence toward

developing best practices for the delivery of clinically useful and cost-effective genomic sequencing in diverse healthcare settings.
Background

As the cost of genomic sequencing

tests has decreased, researchers have

increasingly explored the practical
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and ethical considerations of imple-

menting these technologies clinically.
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CSER-phase one were reported for par-

ticipants with cancer (6% for patho-

genic and likely pathogenic variants),

cardiomyopathy (27%), and intellec-

tual disability (28%).1 A relatively

high diagnostic yield (60%) in indi-

viduals with retinal dystrophies, as

well as other Mendelian or neuro-

logical disorders, has also been re-

ported.2,3 The rate of medically

actionable secondary findings identi-

fied by genomic sequencing ranges

from 1% to 3% of cases,4,5 depending

on the population evaluated, genes

annotated, and criteria used in variant

interpretation. Hence, genomic

sequencing can be a useful diagnostic

test, especially for certain phenotypes,

and can identify previously un-

known actionable genetic conditions

providing the opportunity for tar-

geted interventions that may improve

health outcomes.

Projects in CSER-phase one, as well

as others, have identified key ethical

and practical considerations for

informed consent and return of results

that are raised by genomic sequencing.

Most adult patients and parents of

pediatric patients express interest in

learning their results from these

tests,6–8 although this interest varies

across individuals, clinical settings

and by type of finding.9,10 Interest in

genetic results can also be influenced

by the severity of one’s illness and psy-

chological factors such as knowledge

of benefits, worry about genetic risks,

anticipated regret for learning or not

learning the findings, and health

information seeking style.11 The scope

and potential uncertainty of results

have been identified as essential to

discuss during informed consent

conversations;12 and it is critical to

develop informed consent processes

and documentation that can be under-

stood by a diverse population.13,14

Similarly, it is critical to manage hopes

and expectations, and triage the return

of large amounts of information when

returning results from genomic

sequencing.15–20 Finally, CSER-phase

one projects examined difficulties

and approaches to navigating the

separation between clinical care and

research while conducting consent
and return of results conversations in

the context of clinical genomics

research.21

Challenges with managing the re-

sults from genomic sequencing tests

have also been examined, especially

for primary care or specialist providers

who have limited training and experi-

ence in clinical genetics.22,23 Educa-

tional programs exist for non-genetics

health professionals and have been

shown to be beneficial in enhancing

knowledge, self-efficacy, and confi-

dence, among other outcomes.24 Yet,

these educational programs might

not significantly change practice.25

Patients and researchers face obsta-

cles to the implementationof genomic

medicine. Barriers to participation in

genomic research studies include lack

of community engagement, mistrust

on the part of the patient, logistical

barriers, and privacy and discrimina-

tion concerns.31,32 These barriers are

likely exacerbated in underserved pop-

ulations. Additional challenges for

genomic medicine implementation

research in underserved groups

include a lack of diversity in the scien-

tific community, smaller sample sizes,

and the analytical challenges faced

when studying participants of mixed

ancestry.33 Access to clinical genomic

sequencing is also limited by work-

force capacity and distribution,

reimbursement models, regulation

requirements, and lack of evidence-

based guidance on clinical utility.34,35

International efforts to address

genomic medicine implementation

include the United Kingdom’s Geno-

mics England project, which plans to

sequence the genomes of 100,000 pa-

tients with rare diseases, the families

of these patients, and patients with

cancer. Australia’s Melbourne Geno-

mics Health Alliance is assessing and

establishing systems to incorporate

genomic sequencing in select dis-

ease areas, and Canada’s Genomics

and Personalized Health competition

(GAPH) includes17 separate large-scale

genomics research projects informing

evidence-based and cost-effective

health care.36

Despite all that has been learned,

most early efforts have inadequately
addressed diverse or underserved popu-

lations, and the field lacks sufficient

evidence to inform the effective appli-

cation of genomic technologies in

these populations and clinical set-

tings.26 Improving the evidence base

for genomic testing, gaining data to

interpret variants of uncertain signifi-

cance, making gains in reimbursement,

enhancing collaborative interpretation,

and data sharing have all been reported

as unsolved challenges for genomic

medicine.27,28 Additionally, most

studies have focused on participants

who are of European ancestry and are

relatively well-educated, insured, and

financially secure.29 Optimal genomic

implementation practices are likely to

vary across patients from different

social, economic and cultural back-

grounds. As such, genomic research

conducted in diverse populations and

healthcare settings should enhance

the broad application of genomic med-

icine.30 In 2017, the United States

NHGRI, NCI, and National Institute

on Minority Health and Health Dispar-

ities (NIMHD) funded the current

phase of the CSER consortium, a

network of projects studying the inte-

gration of genomic sequencing into

clinical care. The consortium is empha-

sizing engagement of patients from

non-European populations, under-

served populations, or populations

known to experience poorer medical

outcomes. Each project within the con-

sortium plans to enroll a minimum of

60% of participants with these charac-

teristics, targeting recruitment in a

range of healthcare settings beyond

academic medical centers to advance

the effective use of clinical genomics

more broadly. The CSER consortium

RFA defined underserved populations

based on the definition of ‘‘medically

underserved’’ provided by the Health

Resources and Services Administration,

which identifies geographic areas and

populations with a lack of access to pri-

mary care services (see Web Resources).

Discussions to modify this definition

to increase consistency across CSER

consortium clinical project populations

are underway.

The objectives of the research pro-

gram are to: (1) define, generate, and
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Figure 1. Structure of the CSER Consortium
The components of the CSER consortium and their relationships to each other.
analyze data regarding the clinical util-

ity of genome sequencing; (2) study

the critical interactions among pa-

tients, family members, health practi-

tioners, and clinical laboratories that

influence implementation and out-

comes of clinical genomic sequencing;

and (3) identify and address real-world

barriers to integrating genomic, clin-

ical, and healthcare utilization data

within multiple U.S. healthcare sys-

tems to build a shared evidence base

for clinical decision-making (See Web

Resources section). Relevant ethical,

legal, and social issues (ELSI) are also

a major feature of the consortium,

and research of this type is integrated

across the aims of each funded project.

Building on the prior work of CSER-

phase one, the CSER consortium is

now positioned to expand upon the

evidence needed for effective genomic

sequencing implementation indiverse

settings.
Clinical Projects

The CSER consortium comprises

six extramural clinical projects, an

NHGRI intramural project (ClinSeq),

and a centralized coordinating center

(Figure 1). Five of the six extramural

clinical projects are enrolling children

with phenotypes including neurode-

velopmental, neurological, immuno-

logical, and cardiac disorders, as well

as pediatric cancer diagnoses. One of

these five projects is also enrolling

parents whose fetus has a structural

anomaly. The sixth clinical project is

enrolling adults with a focus on he-

reditary cancer risk. The estimated

cohort size for each of these six

projects ranges from 850 to 1,500 par-

ticipants, and proposed enrollment of

racially diverse participants ranges

from 45% to 85% across sites. Racially

diverse participants are defined as

those who identify as Hispanic/Latino,

Black/African American, American In-
dian/Alaska Native, Asian, and/or

Native Hawaiian/Pacific Islander. A

specific category to track enrollment

of Southeast Asian participants has

also been added. In addition, ClinSeq

has enrolled a population of 500

adults who self-identify as African, Af-

rican American, or Afro-Caribbean

and are unselected for phenotype.

Genomic sequencing technology

varies across the projects, including

germline exome and genome

sequencing and targeted panels, as

well as pediatric tumor exome and

transcriptome sequencing. The pro-

jects also vary in terms of who is

disclosing results (both genetics and

non-genetics providers) and how

they are disclosed (via mail, telemedi-

cine with visualization, web portals,

telephone, and in person). All projects

plan to return pathogenic and/or

likely pathogenic variants in second-

ary finding genes. Secondary findings

will include all or a subset of condi-

tions recommended for return by the

American College of Medical Genetics

and Genomics (ACMG),37 and some

sites have added additional genes to

this list. Some projects are also return-

ing pathogenic variants for select

autosomal recessive disorders (carrier

status). Each project is working with

clinical populations at multiple

locations ranging from outpatient

clinics and community hospitals to

large academic medical centers and

the intensive care units within these

tertiary care centers. Thus, these

projects will assess many different

aspects of genomic medicine. Addi-

tional information about each study

population and protocol are pre-

sented in Table 1.

Consortium Organization

The CSER consortium structure

includes six working groups and a

Steering Committee (Figure 1), which

oversees the high-level goals and direc-

tion of the consortium. The CSER con-

sortium Advisory Panel comprises six

investigators and a community advo-

cate, with expertise in pediatrics, can-

cer, healthcare utilization, clinical

laboratory technologies and standards,

engagement of diverse populations,



Table 1. CSER Consortium Projects and Key Information about Their Study Populations and Protocols

Contact Institution Project Population
Targeted Diversity
Groups Care sites Technology Results Disclosure Key Outcomes

Baylor College
of Medicine

KidsCanSeq Children with cancer Medically underserved,
Hispanic, African
American

Academic and non-
academic medical
centers, outpatient
clinics

Germline ES, tumor
ES and transcriptome
versus targeted panel
testing

Negative results by mail;
telemedicine versus in
person for positive
results

Clinical utility; Perceived
utility; Family member
testing

ClinSeq ClinSeq A2 Adults, no specific
phenotype

African American,
Afro- Caribbean, African

National Institutes of
Health Clinical Center

Germline ES Web portal versus GC
for negative secondary
findings

Understanding; Risk
perception

Kaiser Permanente
Northwest

CHARM Adults at risk for
hereditary cancer

Minority, low SES,
Medicaid/Medicare or
uninsured, Spanish
speaking

Outpatient clinics Germline ES versus
usual care

Literacy-focused versus
traditional GC by phone

Understanding of
recommended actions/
care; Adherence to
recommended care;
Personal utility

The University of
North Carolina,
at Chapel Hill

NCGENES 2 Children with suspected
genetic conditions
(developmental
disabilities,
dysmorphology,
neuromuscular disorders)

African American,
Hispanic, Medicaid
or uninsured

Outpatient pediatric
genetic and neurology
clinics at academic
medical centers;
community hospital

Germline ES versus
usual care

In-person or telemedicine
by genetics and
non-genetics providers

Benefit of pre-visit
educational materials
on patient and provider
encounters; Clinical
utility

Icahn School of
Medicine at
Mount Sinai

NYCKidSeq Children with suspected
neurologic, immunologic
and cardiac genetic
conditions

African American,
Hispanic, Medicaid/
Medicare, Spanish
speaking

Academic medical
center

Germline GS versus
targeted panel

In-person counseling
standard of care versus
communication tool
enhanced

Understanding and
satisfaction; Clinical
utility; Economic utility

University of
California,
San Francisco

P3EGS Infants and children with
severe developmental
disorders, with or without
congenital anomalies;
parents whose fetus has
a structural anomaly

Underserved by census
tract/ MediCal status,
Asian, Hispanic, African
American

Academic medical
center, outpatient
clinics, neonatal
intensive care unit, and
pediatric intensive care
unit; Community
hospital, outpatient
clinic

Germline ES,
duos or trios

In person or
telemedicine

Clinical utility;
Understanding of
recommended actions/
care; Adherence to
recommended care;
Personal utility

Hudson Alpha
Research Institute

South-Seq Newborns with suspected
genetic conditions

African American,
underserved rural

Academic and
non-academic medical
centers

Germline GS Genetics and
non-genetics providers

Empower non- genetics
providers to return
genetics results;
Scalability to rural and
community medical
centers

GS, genome sequencing; ES, exome sequencing; SES, socioeconomic status; GC, genetic counseling.



Table 2. Focus and Harmonization Plans for CSER Working Groups

Group Focus Current cross-consortium harmonization plans

Clinical Utility, Health Economics,
and Policy

- Developing framework to define clinical utility
- Meetings with payers and policymakers
- Standardizing assessment of framework
constructs
- Cross-consortium analyses informed
by common measures

- Cost and completion of genomic testing
and return of genomic test results
- Provider perceived benefits of genomic
testing and recommended actions attributable
to testing
- Adherence to recommended actions post
return of results
- Impact of genomic testing on health status

SI and Diversity - Challenges in diverse populations
- Impact of racial, ethnic and socioeconomic
diversity on access to and delivery of genomic
medicine and health care
- Enrollment-related measures (consent,
enrollment barriers, etc.)
- Disparities in genomic medicine and research,
and public health
- Issues related to emerging health IT innovations

- Race/ethnicity/ancestry
- Other categories of difference: zip code, patient
activation, trustworthiness
- Model consent language for consortium data
sharing

Education and Return of Results - Educating both patients and providers
- Optimizing return of results for diverse patient
populations
- Patient satisfaction with return of results
method
- Implications of diagnostic and secondary
findings; family-related factors and clinical
decision support

- Participant satisfaction
- Family communication
- Utilization of information sources
- Genomic sequencing report design
- Negative result disclosure

Survey Measures and Outcomes - Patients’ and family members’ knowledge,
attitudes, beliefs, behaviors and psychological
outcomes
- Provider knowledge, attitudes, beliefs and
behaviors, including diagnostic thinking
and management planning
- Assessing health system leaders’ buy in

- Demographics and socioeconomic status
- Rationale for decline and withdrawal
- Provider confidence, perceived utility
- Participant uncertainty, positive/negative
emotions, privacy concerns, health literacy,
personal utility, understanding
- Health system readiness to change

Patient, Community, and Clinical
Stakeholder Engagement

- Addressing common practices and
challenges, and evaluating levels and
types of engagement across sites
- Assessing quality and impact of engagement
- Involvement of patients and community
advocates

- Support for short and long-term needs across sites
- Process evaluation of quality and impact
of engagement

Sequence Analysis and Diagnostic Yield - Harmonizing/understanding differences
in definitions of diagnostic rate to enable
cross-consortium comparisons
- Laboratory-provider interactions
- Sharing data and technical improvements
- Diverse population representation in
genomic databases
- Impact of variant reinterpretation on yield
and cost

- Classification of case-level results for diagnostic
and secondary findings
- Reporting of secondary findings
- Use of ancestral data inferred from genetic
sequence
- Phenotypic descriptions
- Indications for testing
geneticcounseling, andELSI.Represen-

tatives from the NHGRI, NCI, and

NIHMD participate on the Steering

Committee and are also involved with

each CSER working group. The devel-

opment of the working groups began

with a review of the CSER-phase one

groups and was further informed by

consideration of existing critical issues

in genomic medicine by the clinical

site principal investigators, the coordi-

nating center and NHGRI leadership.

Through this process, the six working

groups were formed: ELSI and Diver-

sity; Stakeholder Engagement; Clinical
Utility, Health Economics, and Policy;

Education and Return of Results,

Survey Measures and Outcomes; and

Sequence Analysis and Diagnostic

Yield.

Each working group deliberated and

selected common domains to be

harmonized across projects to facilitate

the optimal integration of data. These

efforts are focused on a shared,

evolving conceptual framework that

identifies which domains fall within

the scope of each working group so

they can develop related hypotheses.

For example, the Clinical Utility,
Health Economics, and Policy working

group, which is focused on healthcare

utilization, has proposed a standard-

ized approach for each site to measure

adherence to recommendations after

the return of genomic sequencing re-

sults, and the Education and Return

of Results working group has devel-

oped a harmonized measure to eval-

uate satisfaction with the different

modes of result return across the

CSER consortium projects. The focus

of each working group and the con-

sortium-wide projects being pursued

by each group are presented in Table 2.



Harmonized measures across the

consortium are available on the CSER

consortium public website (see Web

Resources section).

High-Priority Areas of CSER

Consortium Investigation

Delivering Genomic Medicine in

Non-Academic Institutions

Under the right circumstances, the up-

take of genetic services can be high.

This may be especially true for germ-

line cancer susceptibility testing, even

when offered in a low resource, safety-

net clinic38 where there is often less ge-

netics expertise among clinicians, and

patients are diverse in socioeconomic

status, ancestry, language, and educa-

tion. Although knowledge of genetic

testing is increasing in diverse commu-

nities,39 social and cultural context can

be expected to influence the success of

genetic services.40,41 As outlined, the

care sites of CSER consortium projects

include outpatient clinics and commu-

nity hospitals. Some research has

investigated germline cancer

sequencing in diverse populations;42–

44 however, newer genetic testing op-

tions, such as exome and genome

sequencing for pediatric disorders,

have not been well studied in these

clinical settings. The CSER consortium

offers the opportunity to further inves-

tigate and generate evidence to

improve genomic medicine imple-

mentation beyond the setting of

specialized genetic medicine clinics in

academic centers. Additionally, both

providers andpatients in these non-ac-

ademic settings are likely to benefit

from the availability of genomic medi-

cine resources.

Stakeholder Engagement

In order to work effectively with

diverse populations, researchers and

members of various stakeholder

groupsneed to establish a trusting rela-

tionship.45 Relevant stakeholders can

also contribute to the development of

research ideas, strategies for study

conduct and ways to use results to

inform health policy.46 Thus, the

CSER consortium has made stake-

holder engagement a high priority.

Previous work by the NHGRI Elec-

tronic Medical Records and Genomics
(eMERGE) Network has highlighted

key stakeholder practices, challenges,

and considerations in the context of

projects focused on incorporating

genomic information into electronic

health records.47 Findings highlight

the need to engage stakeholder groups

beyond patients (e.g., organizational

leadership), use clear communication

andconsistent language across groups,

especially with underserved popula-

tions and non-English speakers, and

conduct engagement activities (e.g.,

surveys, interviews, group meetings,

etc.) throughout all phases of imple-

mentation. CSER consortium projects

are seeking input from a variety of

stakeholders in the early planning

stages of their projects so they can

inform study design and the develop-

ment of recruitment and consent

materials. Key stakeholder groups iden-

tified for engagement include patients

and parents of pediatric patients, clini-

cians, community members, patient

advocates, health system leadership

and payers. Several projects have also

established advisory committees to

provide consultation throughout

their study, including feedback about

communication of results, understand-

ing of healthcare recommendations,

educational and support needs, and

best practices for disseminating find-

ings to the community.

Engagement of Non-English-Speaking

Patients

The quality of communication be-

tween patients and their care providers

is an important factor that influences

healthcare outcomes.48 Nearly half of

the United States adult population

has limited health literacy, and nearly

1 in 10 Americans having limited

English proficiency.49 Delivering ge-

netic services to patients in the United

States who are not English speaking

has been little studied, though some

research has shown that being a non-

English speaker is associated with

lower understanding of results and rec-

ommendations,50,51 knowledge of ge-

netic disease,52 and uptake of genetic

testing.52 Appropriate non-English

terms to support return of genomic

results are needed.53 Many CSER

consortium projects expect to enroll
substantial numbers of non-English-

speaking participants and are devel-

oping materials in Spanish and hiring

bilingual and multilingual study

personnel to support recruitment,

informed consent and return of

results for improved communication

with these participants. Non-English

speaking individuals will also be mem-

bers of project advisory boards and

play a key role in stakeholder engage-

ment activities. Conducting genomic

medicine implementation research

with non-English speaking patients

will enable the CSER consortium to

inform best practice recommendations

that are applicable to patients with

diverse cultural backgrounds.

Participant Perception of Personal

Utility

Patients tend to have a broader

conceptualization of utility than

medical actionability; for example,

including results that inform changes

in medical care, reproductive plan-

ning, and future life planning gener-

ally.54 The personal utility of genomic

sequencing encompasses the non-clin-

ical benefits that arise from this tech-

nology. Participant-perceived personal

benefits can include satisfying curios-

ity, increasing self-knowledge and

awareness, gaining in-depth knowl-

edge and understanding of one’s con-

dition, and justifying re-evaluating

life priorities.55,56 Patients from

different social, economic, and cultural

backgrounds might have different ex-

pectations about the potential benefits

of these tests.57 The CSER consortium

projects plan to explore measuring

participant perceptions of personal

utility across their diverse study popu-

lations to further refine the definition

of this concept, highlight the broad

impacts of genomic medicine and

understand contextual factors that

influence utility perceptions, such as

clinical setting, purpose of sequencing,

and access to health professionals.

Moving Forward

As the clinical projects within the

CSER consortium gain experience

implementing their protocols, the

consortium will continue to explore

cross-site collaborations through



additional data sharing. The CSER

consortium is also part of a larger

network of NHGRI consortia,

including the eMERGE network, the

Implementing Genomics in Practice

(IGNITE) consortium, and the Clin-

ical Genome (ClinGen) Resource.

These cross-consortia relationships,

as well as interactions with the All of

US national precision medicine pro-

gram and others, foster partnerships

and increase learning opportunities

with each consortium contributing

its unique perspective to projects on

shared topics of interest. Members of

the CSER consortium will continue

to contribute to the development

of evidence-based recommendations

for the implementation of genomic

sequencing in diverse clinical care set-

tings, addressing current challenges

and new questions that arise through

the work of the consortium.
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