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COMMENTARY

The Undiagnosed Diseases Network:
Accelerating Discovery about Health and Disease

Rachel B. Ramoni,!2* John J. Mulvihill,? David R. Adams,? Patrick Allard,%> Euan A. Ashley,®
Jonathan A. Bernstein,” William A. Gahl,3 Rizwan Hamid,® Joseph Loscalzo,’ Alexa T. McCray,!
Vandana Shashi,!0 Cynthia ]J. Tifft,> Undiagnosed Diseases Network, and Anastasia L. Wise?

Diagnosis at the edges of our knowledge calls upon clinicians to be data driven, cross-disciplinary, and collaborative in unprecedented
ways. Exact disease recognition, an element of the concept of precision in medicine, requires new infrastructure that spans geography,
institutional boundaries, and the divide between clinical care and research. The National Institutes of Health (NIH) Common Fund sup-
ports the Undiagnosed Diseases Network (UDN) as an exemplar of this model of precise diagnosis. Its goals are to forge a strategy to accel-
erate the diagnosis of rare or previously unrecognized diseases, to improve recommendations for clinical management, and to advance
research, especially into disease mechanisms. The network will achieve these objectives by evaluating patients with undiagnosed
diseases, fostering a breadth of expert collaborations, determining best practices for translating the strategy into medical centers nation-
wide, and sharing findings, data, specimens, and approaches with the scientific and medical communities. Building the UDN has already
brought insights to human and medical geneticists. The initial focus has been on data sharing, establishing common protocols for
institutional review boards and data sharing, creating protocols for referring and evaluating patients, and providing DNA sequencing,
metabolomic analysis, and functional studies in model organisms. By extending this precision diagnostic model nationally, we strive to

meld clinical and research objectives, improve patient outcomes, and contribute to medical science.

Introduction

Rare, novel, and undiagnosed disor-
ders challenge patients, their families,
and clinicians. The National Institutes
of Health (NIH) Office of Rare Diseases
Research noted that 6% of individuals
seeking their assistance had an undi-
agnosed disease; for those finally diag-
nosed, 15% had experienced persis-
tent symptoms without a diagnosis
for at least 5 years.' Long diagnostic
odysseys are expensive, and they
involve repeated and duplicative diag-
nostic efforts with risks of invasive
procedures and false diagnoses.

The Undiagnosed Diseases Network
(UDN) was designed to forge a
paradigm for diagnosing rare and
previously unrecognized diseases,
improving the management of these
conditions, and accelerating research
on rare diseases. The UDN exists to in-
crease the national capacity to assess
those with mysterious medical condi-
tions, to create a network with broad
collaborative expertise, and to deter-

mine ways to extend this model to
other medical centers. Our work prod-
ucts include findings, data, speci-
mens, and best practices, which we
share broadly with the research, clin-
ical, and patient communities. This
commentary offers the lessons we
have learned in building the UDN
with the goal of stimulating dissemi-
nation of this precision diagnostic
model.

Building the Network

The UDN is an extension of the Undi-
agnosed Diseases Program (UDP), pio-
neered in 2008, at the NIH Clinical
Center in Bethesda.”* The UDP
initially was funded by the NIH Office
of Rare Diseases Research. Based upon
its success, planning for the UDN
began in 2012. The UDN has a
5-year budget of $120,000,000 from
the NIH Common Fund: the National
Human Genome Research Institute
(NHGRI) serves as the lead adminis-
trator. Currently, the UDN consists of

seven clinical sites, two sequencing
cores, a metabolomics core, a model-
organism screening center, a central
biorepository, and a coordinating cen-
ter (Figure 1). The first patient was
seen in September 2015. The large
number of patients with rare and
newly recognized conditions, the
breadth of the expertise in the
network, and the highly collaborative
nature of the UDN represent a signal
opportunity to accelerate discovery
about health and disease while devel-
oping best practices for the diagnosis
of challenging cases.

The UDN coordinating center,
based at the Department of Biomed-
ical Informatics at Harvard Medical
School (Boston), opened in January
2014. In July 2014, six additional
clinical sites (beyond the NIH
UDP) were announced: Baylor College
of Medicine (Houston), Duke Univer-
sity Medical Center (Durham) in
collaboration with Columbia Univer-
sity (New York), Harvard Teaching
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®Seven clinical sites

1 Baylor College of Medicine and
Texas Children’s Hospital

2 Duke Medicine with Columbia
University Medical Center

3 Harvard Teaching Hospitals
(BCH, BWH, MGH)

4 National Institutes of Health
5 Stanford Medicine

6 UCLA School of Medicine
7 Vanderbilt University Medical Center

Figure 1.
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The Undiagnosed Diseases Network

Six additional research sites

(@ Central Biorepository
8 Vanderbilt University Medical Center

Harvard Medical School

®
Baylor College of Medicine
HudsonAlpha Institute for Biotechnology
withlllumina

(®Metabolomics Core Facility
12a Pacific Northwest National Laboratories
b with Oregon Health & Science University

(®Model Organisms Screening Center
13a Baylor College of Medicine
b with University of Oregon

The Undiagnosed Diseases Network (UDN) includes seven clinical sites, two DNA sequencing cores, a metabolomics core, a model-or-
ganism screening center, a central biorepository, and a coordinating center. Technologically, the sites are linked via the UDN Gateway,
through which participants also apply. Abbreviations are as follows: BCH, Boston Children’s Hospital; BWH, Brigham and Women'’s Hos-
pital; and MGH, Massachusetts General Hospital. (Figure modified from the UDN website, maintained by the coordinating center.)

Hospitals (Boston Children’s Hospital,
Brigham and Women'’s Hospital, and
Massachusetts General Hospital in
Boston), Stanford University (Stan-
ford), the University of California,
Los Angeles (Los Angeles), and
Vanderbilt University (Nashville).
In September 2014, two DNA
sequencing cores were named:
Baylor College of Medicine and
HudsonAlpha (Huntsville)—initially
based at the Medical College of
Wisconsin (Milwaukee)—in collabo-
ration with Illumina Laboratory (San
Diego). The UDN'’s capabilities were
further extended in September 2015
through a central biorepository at
Vanderbilt University Medical Center,
a model-organism screening center at
the Baylor College of Medicine and
the University of Oregon (Eugene),
and a metabolomics core at Battelle
Pacific Northwest Laboratories (Rich-
land) and the Oregon Health and
Science University (Portland).

An integrated network is emerging
as a result of close interactions among
the investigators and NIH scientists,
a mutual enthusiasm for the mission,
and shared governance, which is
laid out in the UDN Manual of Opera-
tions. The primary governing body is
the Steering Committee. UDN opera-
tions take place in the context of
working groups and committees
(e.g., Billing, Biosamples and Bio-
repository, Case Review Committee,

Clinical Protocols, Genetic Coun-
seling and Testing, Metabolomics,
Model  Organisms, Publications
and Research Committee, and Seq-
uencing), which will evolve over
time to meet the changing needs of
the network. For example, the Clinical
Protocols working group has two sub-
groups: Utility and Utilization and
Site Operations. Patients and their
families are integral to the network,
for which reason we have formalized
a Patient Engagement Group. An in-
dependent group of external scientific
advisors also reviews the UDN and
makes recommendations to the NIH.

The Protocol
Referral
Patients and their families are the
center of the UDN. They simulta-
neously are patients, volunteer
research subjects, and partners. Pa-
tients or their referring clinicians
begin the UDN application process
through an online gateway (“UDN
Gateway”) developed and maintained
by the coordinating center. When
submitted online, the application is
routed to a clinical site, typically the
closest one geographically.
Professionals at the clinical site
decide whether to offer a UDN evalua-
tion on the basis of review of the
online application as well as medical
records submitted to the site. A
network review committee meets

regularly to advise the clinical sites
on case selection and offer sugges-
tions. In general, patients are accepted
after earlier extensive evaluations fail
to reach a diagnosis that explains
objective findings or when pheno-
typic manifestations are novel and
suggestive of an unrecognized disor-
der or relatives are similarly affected.
By 2017, after a scale-up interval, we
anticipate that the network will
accept 450 patients with a wide range
of phenotypes each year—150 at the
NIH Clinical Center and 50 at each
of the six other clinical sites.
Diagnostic Protocol

The UDN diagnostic process empha-
sizes a highly collaborative and coor-
dinated clinical evaluation, detailed
and standardized documentation of
patient phenotype, and tightly
coupled bedside and bench collabora-
tions. The process does not have a
fixed termination date. Among those
diagnosed at the NIH UDP from
2008 to 2015, the length of time to
arrive at a diagnosis after the on-site
evaluation ranged from 1 week to 4
years.”

Clinical Evaluation

A signature feature of the NIH UDP,
and now the UDN, is the compression
of a patient’s clinical evaluation into
the equivalent of five inpatient days,
which requires rigorous coordination
of activities at the clinical site. The
evaluation involves detailed clinical
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consultations by multiple specialists,
laboratory testing, diagnostic proced-
ures, and imaging studies, all tailored
to the patient’s individual presenta-
tion. While focusing on the specific
patient, the clinical sites follow stan-
dardized protocols for phenotyping
and specimen collection to facilitate
later comparisons. Samples, including
plasma, serum, peripheral-blood
mononuclear cells, DNA, urine, and
sometimes skin biopsies, are collected
and stored both at the local clinical
site and in a central repository to facil-
itate specimen backup, access, and
sharing.

Phenotyping

The term “phenotype” can have
various meanings. In the UDN, the
term refers to an individual’s morpho-
logic, physiologic, and behavioral
characteristics with a particular
emphasis on deviations from normal.
The systematic documentation of
phenotype is fundamental to the
diagnosis of elusive conditions. Phe-
notyping has been described as “...a
surprising and embarrassing secret
[... because] the final determination
of whether an individual mutation is
responsible for disease in an individ-
ual patient remains fundamentally
impressionist.”> In other words, the
potential precision of genomics is
starkly contrasted with the subjective-
ness of the clinical assessments, for
which reason the National Research
Council emphasized the need for
new phenotype characterization and
disease taxonomy.® Thus, a detailed
and standardized phenotype is an
essential feature of the UDN diag-
nostic evaluation.

The use of a standardized, com-
puter-parsable classification system
(ontology) is the first step toward
improving documentation of signs
and symptoms. The UDN encodes
phenotypes with Human Phenotype
Ontology (HPO) terms,” which are
used worldwide by numerous projects
and are listed on the HPO website.
Some examples of projects include
FORGE Canada® and DECIPHER.
The HPO has approximately 11,000
computer- and human-interpretable
terms. Primary HPO terms do not

capture quantitative data; however,
terms can be associated with meta-
data, which allow for the inclusion
of quantitative data, age of onset,
severity, periodicity, and other modi-
fiers. HPO terms are internally
arranged in acyclic, hierarchical
graphs, allowing for similar terms to
be related to one another in a comput-
able manner. Similar relatedness pro-
cedures can be used to match patients
to patients, patients to disease-associ-
ated genes, and patients to model
organisms with orthologous gene-
phenotype associations. The UDN
uses PhenoTips software to collect
and analyze phenotypic information;
it provides a flexible interface for
selecting HPO terms and recording
associated metadata.’

The focused effort required for en-
coding phenotypes into standardized
terms pays dividends in at least six
ways:

e Delineation of the phenotype of
novel conditions.

o Identification of additional
cases: capturing phenotypic
features in a systematic and
standardized way enables the
use of tools, such as those pre-
sent in PhenomeCentral, for
identifying individuals affected
by the same unnamed disorder
through a phenotype-matching
algorithm. "’

e Analysis of genome sequence
data: one example of the added
value of phenotyping to the
analysis of sequence data is
Exomiser, a tool that accounts
for phenotypic relevance to pri-
oritize variants.'!

e Expansion of the phenotype of
rare conditions: some individ-
uals diagnosed by the NIH
UDP had previously defined rare
conditions, and a number of
these individuals presented with
novel variations of the classic
phenotype.”

o Genetic heterogeneity: the other
side of the phenotypic-expan-
sion coin is that a detailed map
of molecular and phenotypic
data helps to untangle conver-

gent and overlapping pheno-
types by identifying phenotypes
that might have different genetic
bases. It would also allow for the
identification of underlying ge-
netic heterogeneity of specific
phenotypes.

e Identification of model-organ-
ism phenotypes that are poten-
tially related to the participant’s
phenotype.

Sequencing and Interpretation

Most UDN participants are candidates
for exome or genome sequencing.
Filtering the large number of variants
that sequencing identifies is a chal-
lenge. Variant classification is facili-
tated by the accumulation of curated
information on factors such as popu-
lation frequency, segregation accord-
ing to a proposed genetic model, and
predicted impact on gene function.

Many diagnostic successes have

used clues that were present before
sequencing, such as linkage anal-
ysis,'* regions of homozygosity,"”
the presence of non-physiologic me-
tabolites,'* and clinical resemblance
to known syndromes. Application of
sequencing techniques to the UDN
cohort is especially challenging
because of the dearth of pre-
sequencing clues. Many patients
have unique presentations, no history
of consanguinity, and no similarly
affected relatives, making traditional
linkage methods unfeasible. Espe-
cially in the context of undiagnosed
diseases, the successful interpreta-
tion of sequencing data relies on
collaboration among clinicians, bio-
informaticians, and other scientists
familiar with the phenotypic features
of the patients. The UDN reflects this
synergy in three ways: (1) the
emphasis on in-depth phenotyping
at clinical sites, (2) the integration of
sequencing core investigators into
the UDN team and activities, and (3)
the fact that interpretations of a par-
ticipant’s sequencing results most
often take place at both a sequencing
core and a clinical site, whose com-
bined efforts lead to the final clinical
report. Through this work, the UDN
will contribute to the understanding
of what conditions predict the success
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of DNA sequencing as a first-line
approach for patients whose initial
conventional testing fails to give an
answer.

Going Beyond Phenotype and
Genotype

Metabolomics

Additional inborn errors of meta-
bolism surely remain to be discovered,
and the NIH UDDP, in its early years,
identified two previously unrecog-
nized congenital disorders of glycosyl-
ation, IIb (MOGS-CDG)'®and 1Iz,'°
and deficiency of cytosolic phospho-
enolpyruvate carboxylate.'” Hence, a
core metabolomics laboratory pro-
vides analyses for selected subjects,
especially when autosomal-recessive
inheritance is likely, the clinical his-
tory suggests a metabolic disorder,
and routine biochemical assays, e.g.,
urinary and serum amino acids and
organic acids, are not diagnostic.
Through the UDN metabolomics
core, the network is able to identify
and quantitate non-traditional me-
tabolites through targeted and untar-
geted assays.

Model Systems and Functional Studies
Findings in model systems help
discriminate among candidate vari-
ants identified by sequencing in a
genetically and environmentally
controlled background. Further, func-
tional studies in model systems pro-
vide insight because they allow
repeated observations of pathogene-
ses of rare genetic disorders and
the patients’ clinical courses, thus
enabling the study of early phases of
disorders that might be subclinical in
humans, allowing access to tissues
that are difficult to obtain from hu-
mans, and providing a platform for
developing therapeutics.'® The UDN
incorporates these studies in two
ways: (1) at the model-organism
screening center and (2) though sup-
plements and grant awards for
research on gene function.
Environmental Determinants

The search for the etiologies of rare
conditions often focuses on the
genome, and the diagnoses achieved
by the NIH UDP have largely been
based on genetic variants. Neverthe-

less, we subscribe to a disease model
in which each person diverts from a
path of health as a result of a unique
combination of intrinsic genetic vari-
ations that interact within cells and
the person’s environment, a lifetime
of extrinsic factors.'”*' Most human
carcinogens and teratogens have
been discovered by alert practitioners
who have probed deeply into the his-
tories and pathologies of individual
patients with unusual or rare cancers
or congenital defects.”” Hence, all pa-
tients accepted into the UDN are
asked to complete a wide-ranging
environmental questionnaire so the
UDN can identify potentially signifi-
cant exposures.

The UDN is also equipped to inves-
tigate other axes of the diagnostic
matrix, including immune and in-
flammatory contributors.

Practical Considerations in
Implementing the UDN

Over its 2 years of existence, the UDN
has successfully established gover-
nance procedures and regulatory
milestones and has resolved a number
of challenges relevant to emerging
efforts in precision medicine.

Central IRB and Reliance Agreements
The NIH has encouraged the use of
single institutional review boards
(IRBs) for NIH-funded multi-site
studies to assure productivity and
uniformity without compromising
ethical principles or protections. In a
dynamic project such as the UDN,
such an arrangement is certainly
more efficient than requiring multiple
IRB approvals. This efficiency came at
the cost of an 11-month investment
in negotiating reliance agreements
between the NHGRI IRB and 13 other
site IRBs; both prime awardees and
subcontractors had to sign reliance
agreements. In parallel, the NHGRI
IRB acted as the central IRB and re-
viewed the initial UDN clinical pro-
tocol. Together with the NIH Office
of Human Subjects Research Protec-
tions, the UDN central IRB worked
closely with the coordinating center
to complete the reliance agreement
and IRB review process. The coordi-
nating center now serves as the IRB

liaison for the UDN and maintains
the protocol.
Financial  Assistance
Procedures

The UDN strives to permit access to all
patients irrespectively of their socio-
economic or health insurance status.
The only way to ensure that patients
would not be burdened with co-pay-
ments and deductibles would be to
draw upon grant funds to cover the
entire evaluation. Some clinical sites
have chosen this approach for all
participants. This is made feasible
because those sites have substantial
institutional discounts for patient
care performed as part of research
studies. Other clinical sites have cho-
sen a hybrid model in which insur-
ance is billed for clinically indicated
evaluations and procedures and grant
funding is used for research investiga-
tions. To enable the offset of co-pay-
ments and deductibles of patients at
sites that bill insurance, the UDN has
partnered with the National Organi-
zation for Rare Disorders to create a
UDN patient assistance fund, made
possible through the generous con-
tributions of the Running for Rare
Diseases Team. A collaboration with
Mercy Medical Angels assists with
travel expenses for those with finan-
cial need. We intend to assess the
financial implications for the sustain-
ability and dissemination of the
UDN strategy as part of our internal
review process.

UDN Data Sharing and Use Agreement
Achieving our combined clinical and
research mission depends upon the
exchange of identifiable patient data.
A network-wide data sharing and use
agreement enables such an exchange,
which is reflected in the IRB protocol,
the informed-consent process, and
the UDN Manual of Operations. The
data sharing and use agreement was
the result of 8 months of negotiations
among the participating institutions,
which were usually represented by a
member of their technology transfer
offices.

External Data Sharing

In 2013, the White House Office
of Science and Technology Policy
released a memorandum entitled

and  Billing
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“Increasing Access to the Results
of Federally Funded Scientific
Research.”?* In response, the NIH re-
doubled its efforts to increase access
to publications and digital data from
the research it funds, culminating in
both the publication of the “Plan
for Increasing Access to Scientific
Publications and Digital Scientific
Data from NIH Funded Scientific
Research””* and added funds to
advance data discovery.”

There are important ethical, legal,
and social considerations associated
with data sharing. The UDN illustrates
many of the points raised in the Insti-
tute of Medicine Report, “Sharing
Clinical Trial Data: Maximizing Bene-
fits, Minimizing Risk.””° A prime
objective is respecting participant pri-
vacy. By definition, UDN participants
have rare conditions, which chal-
lenges anonymization. Furthermore,
in the context of “N of 1” clinical
research, any perturbations of the
data to increase anonymity could
hamper their validity and utility. At
the same time, although data sharing
in many contexts is unlikely to benefit
the participants themselves, UDN
data sharing might do so by leading
to the identification of additional
cases that would clinch a definitive
diagnosis. As the NIH UDP has done,
the UDN shares data with Phenome-
Central, a secure data-sharing reposi-
tory that encourages global scientific
collaboration within the rare disease
community while respecting the
privacy of profiled patients. Users
contribute records that consist of an
anonymized description of observed
phenotypes, along with the genetic
variants, specified as either DNA
sequencing results or a list of candi-
date genes. For a given patient record,
users are shown limited information
about other patients, including
phenotypic similarities with potential
genetic causes. PhenomeCentral is,
in turn, a part of the MatchMaker
Exchange collaborative effort.””*®
Anonymized UDN data will also
be deposited in dbGaP (dbGaP:
phs001232.v1.pl), the NIH’s curated
repository of studies that investigate
genotype-phenotype interactions.”’

Not only can UDN researchers share
data with those outside of the
network, but UDN patients and fam-
ilies can also lead their own data-
sharing efforts, as illustrated by the
work of Matthew Might, who is a
family advisor to the UDN coordi-
nating center.*’

Collaborative Clinical Sites

To extend the reach of the UDN
approach, we welcome the participa-
tion of investigators who are inter-
ested in collaborating with the
network. A number of international
sites have expressed interest in
learning from the UDN experience,
so as a first step, we announced the
opportunity to participate as a UDN
International Collaborative Clinical
Site. To be considered, sites must
meet certain criteria, including pre-
paration of an application that sum-
marizes their plans for clinical evalua-
tion and laboratory tests (including
sequencing), their adherence to the
UDN publications policy, a data-
sharing plan, IRB approvals, and evi-
dence of independent funding. Sites
that are accepted are expected to
contribute significantly to the UDN
mission and goals through their
substantial intellectual contributions
and participation in UDN activities.
Likewise, international interest in
coordinated sharing of data from un-
diagnosed cases is reflected by the
establishment of the UDN Interna-
tional and substantial efforts in 12
countries.*

The UDN and Beyond

The lessons that the UDN holds for
medicine extend well beyond the
individuals we evaluate. The over-
whelming majority of our patients
come to us after misdiagnoses or no
unifying diagnosis at all. In the gen-
eral population, many common dis-
eases, such as cardiovascular condi-
tions, cancer, and infections—not
just rare diseases—are often misdiag-
nosed.”” Most Americans experience
a diagnostic error—a delayed diag-
nosis, missed diagnosis, or misdiag-
nosis—which can cause harm because
of delayed or inappropriate tests and
treatments.”* The Institute of Medi-

cine’s report considers this fact a call-
to-arms to reform the US healthcare
system by strengthening teamwork
and building health information tech-
nology that supports the diagnostic
process, both central elements of the
UDN.

Coda: Distinguishing Clinical from
Research Activities

A decade ago, F. Miller argued for the
tradition of distinct conceptual and
moral boundaries between research
and clinical care: “Medical care has a
personalized focus. It is directed to
helping a particular person in need
of expert medical attention. Clinical
research essentially lacks this purpose
of personalized help for particular in-
dividuals. . . . The distinctive purpose
of clinical research [is] to develop
generalizable knowledge.”**

Currently, the search for the causes
of undiagnosed diseases necessarily
incorporates both clinical and
research activities. This dichotomy
carries with it three assumptions that
do not hold in precision medicine ef-
forts such as the UDN: (1) research
presents less net clinical benefit and
greater overall risk, (2) research intro-
duces clinically irrelevant burdens
and risks, and (3) research protocols
dictate which interventions a patient
receives.’” Most of the patient evalua-
tion that takes place at a UDN clinical
site is clinical care (e.g., consultations,
procedures, specimen and collection)
according to accepted medical prac-
tice. Few procedures are performed
for purely research purposes (e.g.,
skin biopsies to culture fibroblasts),
but even this formal designation as
“research” might underemphasize
the role that these activities could
play in identifying the causes of these
conditions that extend beyond cur-
rent clinical knowledge.

The distinction between clinical
and research purposes is not merely
academic, for it directly influences
both UDN operations and the defini-
tion of activities that are subject to
formal ethical oversight. Apart from
the NIH UDP, all UDN clinical sites
are based at Health Information
Portability and Accountability Act
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(HIPAA)-covered entities. At those
clinical sites, the consent forms
include authorization to disclose pro-
tected health information, as required
by HIPAA. As mentioned above, ex-
change within the network is enabled
by a data sharing and use agreement.
An alternative could have been to
frame the UDN as primarily engaged
in clinical work but with business
associate agreements in place to un-
derpin the exchange of data under
HIPAA (45 CFR 164.5).

It is increasingly recognized that
“research” and “practice” are becoming
less useful as shorthand for our funda-
mental moral concerns. Indeed, artifi-
cially enforcing this distinction could
be detrimental in addressing undiag-
nosed diseases, the learning healthcare
system,”® and precision medicine.’” In
the UDN, the collaborative integra-
tion—the so-called virtuous cycle—of
the bedside and the bench simulta-
neously serves the patient and biomed-
ical science, given that each patient pre-
sents with compelling clinical needs
and important research questions.

Consortia

Members of the Undiagnosed Diseases
Network include David R. Adams, Christo-
pher J. Adams, Mercedes E. Alejandro,
Patrick Allard, Euan A. Ashley, Mashid S.
Azamian, Carlos A. Bacino, Ashok Balasu-
bramanyam, Hayk Barseghyan, Alan H.
Beggs, Hugo J. Bellen, David Bernick, Jona-
than A. Bernstein, Anna Bican, David P.
Bick, Camille L. Birch, Braden E. Boone,
Lauren C. Briere, Donna M. Brown, Cather-
ine A. Brownstein, Matthew Brush, Eliza-
beth A. Burke, Lindsay C. Burrage, Kather-
ine R. Chao, Gary D. Clark, Joy D. Cogan,
Cynthia M. Cooper, William ]. Craigen,
Mariska Davids, Jyoti G. Dayal, Esteban C.
Dell’Angelica, Shweta U. Dhar, Katrina M.
Dipple, Laurel A. Donnell-Fink, Naghmeh
Dorrani, Daniel C. Dorset, David D. Draper,
Annika M. Dries, Rachel Eastwood, David J.
Eckstein, Lisa T. Emrick, Christine M. Eng,
Cecilia Esteves, Tyra Estwick, Paul G. Fisher,
Trevor S. Frisby, Kate Frost, William A. Gahl,
Valerie Gartner, Rena A. Godfrey, Mitchell
Goheen, Gretchen A. Golas, David B. Gold-
stein, Mary “Gracie” G. Gordon, Sarah E.
Gould, Jean-Philippe F. Gourdine, Brett H.
Graham, Catherine A. Groden, Andrea L.
Gropman, Mary E. Hackbarth, Melissa

Haendel, Rizwan Hamid, Neil A. Hanchard,
Lori H. Handley, Isabel Hardee, Matthew R.
Herzog, Ingrid A. Holm, Ellen M. Howerton,
Brenda Iglesias, Howard ]. Jacob, Mahim
Jain, Yong-hui Jiang, Jean M. Johnston, An-
gela L. Jones, Alanna E. Koehler, David M.
Koeller, Isaac S. Kohane, Jennefer N. Kohler,
Donna M. Krasnewich, Elizabeth L. Krieg,
Joel B. Krier, Jennifer E. Kyle, Seema R. La-
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