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Polyethnic-1000: a
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understand how diverse
ancestries influence the
risk, progression, and
treatment of cancers
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Research consortia can help to

repair deficiencies in knowledge

about the influence of inherited

genetic diversity on disease. The

New York Genome Center (NYGC)

recently established Polyethnic-

1000 (P-1000), a multi-institutional

collaboration to study hereditary

factors affecting several types of

cancer. Here, we describe its ratio-

nale, organization, development,

current activities, and prospects.

Cancers are diseases of the genome,

caused and influenced by genetic

variation – both inherited variants and

those acquired by somatic mutation – and

by environmental and behavioral factors

such as diet, exposure to mutagens, ex-

ercise, age, and reproductive strategies.

Extensive efforts have been organized to

identify the genetic variations that con-

tribute to the initiation and progression

of cancers, producing large data sets

that have been especially useful for asso-

ciating somatic mutations with several

common neoplasms, improving diagno-

sis and therapy, and in the identification

of some inherited alleles that confer sig-

nificant risks of cancer [1–3]. However,

most of the patients included in these

studies are of Western European de-

scent, reducing opportunities to study

cancer in the context of the broad ex-

panse of human diversity. Although

there are a few notable exceptions [4–6],

most have given inadequate attention to

inherited, as opposed to acquired, geno-

mic variation. Furthermore, despite some

recent exceptions [7,8], most of the DNA

sequencing has been limited to the

protein-coding domains (exomes) of the

genome or to panels of selected genes,

ignoring vast regions of the genome.

To begin to address these deficiencies,

the NYGC has assembled many of this

large metropolitan region’s hospitals and

academic health centers to form a re-

search consortium and to take advantage

of both the rich ethnic diversity of the area

and the NYGC’s proficiency in whole-

genome sequencing (WGS) and compu-

tational biology. Here, we summarize the

assembly of this collaborative program,

called P-1000, report findings from a

small pilot program to demonstrate

functionality, and describe the develop-

ment of a peer-reviewed research pro-

gram that has begun to study the

contributions of ancestry to the biology

and control of several types of cancer.

Building the P-1000 Consortium

The NYGCwas founded in 2011 by 12 ac-

ademic institutions to establish a center of

excellence in genomics and bioinformatics

in the New York region. In 2016, the

NYGC established the Genome Center

Cancer Group (GCCG) to encourage

representatives of the now 19 academic

partners to initiate large collaborative pro-

jects in cancer genomics. The GCCG has

launched two initiatives to harness the

strength of the center’s partner institutions

and the large, diverse population of the

metropolitan area: P-1000, which is de-

scribed in detail here, and the Very Rare

Cancer Consortium (VRCC), which as-

pires to study the genetic factors that

affect the initiation and progression of

cancers that are diagnosed in less than

one person per million per yeari.

To explore the feasibility of conducting a

study of associations between inherited

genetic variants and features of several

neoplasms with a multi-institutional consor-

tium in a large urban area, we established a

P-1000 Steering Committee and several

working groups comprising motivated phy-

sicians and scientists from GCCG-member

institutions and the NYGC. Names of the

participants can be found in the Acknowl-

edgments section in the supplemental

information online. These groups sought

to build a framework for the conduct of

the P-1000 initiative.

An important initial objective was the recruit-

ment into the consortium of hospitals that

were not previously affiliated with the

NYGC; these healthcare facilities were

mainly situated outside of the borough of

Manhattan, served many patients from

ethnic-minority communities, and provided

their staff with limited time and resources

for research, yet often belonged to networks

established by academic health centers

(Figure 1 and Table S1 in the supplemental

information online). To ensure the appropri-

ate provision of tumor samples from the par-

ticipating hospitals, a clinical protocol was

developed by a P-1000 working group and

approved for multiple institutions by an insti-

tutional review board (IRB) organized by the

Biomedical Research Alliance of New York

(BRANY). In addition, a project-dedicated,

part-time pathologist was recruited from a

participating hospital at SUNY Downstate

Medical Center to certify the clinical diagno-

sis of all samples to be studied in the early

phase of the research program. In addition,

standardized protocols were established

for the procurement and shipping of clinical

materials, for DNA sequencing and RNA

sequencing, and for the assembly, storage,

access, and use of genomic data derived

from patient samples.

Testing the function of the

consortium

To assess the functionality of this system, an

early trial phase of P-1000 was launched to
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obtain and study at least 100 stored tumor

samples from the participating hospitals.

Over the course of several months, 176 ar-

chival tumor samples, formalin fixed and

paraffin embedded, from patients self-

identified as other than ‘white’, were sent

to the NYGC from participating hospitals

(Table S1 in the supplemental information

online) for whole-exome sequencing and

RNA-seq. These tumors included 39 cancer

types from 19 tissue sites, and the findings

were analyzed using the NYGC pipeline [9]

for mutations presumed to be somatic. For

simplicity of design, normal tissues were

not included in this preliminary exercise.

As expected, many single-nucleotide

changes, short insertion and deletion mu-

tations, gene fusions, and copy-number

variations were detected in these samples,

often affecting genes known to be altered in

human cancers. For example, five tumors

were classified including four colon adeno-

carcinoma and one uterine endometrioid

carcinoma – three from African-American

patients, one from a Hispanic patient, and

one from an ‘admixed American’ patient –

as microsatellite instable [10]. Using

MSKCC’s OncoKB annotations [11], we

detected ‘Tier 1’ variants that define eligibil-

ity for FDA-approved drugs in nine samples

(affecting the EGFR, PIK3CA, BRAF, and

FGFR3 genes), ‘Tier 2’ variants in five sam-

ples, and ‘Tier 3’ variants in 49 samples.

This pilot study was primarily a test of

our ability to obtain and analyze tissue

samples from the several hospitals in

the P-1000 Consortium, but it was not

designed to reveal new associations of

genetic variations, inherited or somatic,

with cancer biology. The findings, how-

ever, did allow us to demonstrate the

power of genome sequencing to docu-

ment ancestry in a way that is more

informative than the common practice

of self-identification with a single broad

category of race, such as ‘white’, ‘Asian’,

or ‘African-American’.

The ethnic diversity of New York City is

dramatically displayed by the image in

Figure 1, which is based on self-declared

categories of race, ethnic, and geographi-

cal origins commonly used in the USA.

While this kaleidoscope of races and

origins implies that the region’s patient

population is suitably diverse for the kinds

of studies envisioned by the GCCG, the

self-assignments are neither sufficiently re-

liable nor sufficiently nuanced to provide

the information about ancestry necessary

for a modern study of hereditary factors

that might affect the initiation, progression,

or treatment of malignancies.

To make a more rigorous assessment

of genetic ancestries, we applied the

ADMIXTURE software [12], using the refer-

ence populations from the 1000 Genomes

Project [13], directly on the tumor samples

used in our pilot project. This approach de-

livers an estimate of percentage of ancestry

at the continental level (Figure 2, middle

panel) and subregions (lower panel). In

the top panel of Figure 2, we show self-

described race or ethnicity for the corre-

sponding patients to compare with our

assessment of ‘genetic ancestry’. We

observe that genetic information nearly

always correlates at least partially with

self-identified origins, but that the genetic

classifications are more specific and allow

the identification of mixed ancestry. The

mixtures imply matings in recent genealog-

ical history between forebearers with

distinct ancestries belonging to different

populations. An understanding of the

functions and origins of relevant genomic

components will be required to establish
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Figure 1. The institutions that participate in Polyethnic-1000, displayed on a map representing the
self-declared racial and ethnic diversity of New York City according to the 2010 census. Source is

The New York Timesii.
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associations between ancestry and the

features of a particular type of cancer.

Initiating research by the

consortium

Having formed the consortium and shown

that we can process samples from its

member institutions for genomic analysis,

we launched a research program with

grants of modest size and duration. The

availability of such awards – ranging from

US$200 000 to US$500 000 for 2 years –

allowed investigators in the consortium

to compete for support of new or recently

initiated projects designed to identify

ancestry-associated genetic determinants

in specific types of cancers. The level of in-

terest among members of the consortium

was reflected in the receipt of 21 letters of

intent, followed by 13 full applications

from mostly multi-institutional groups of

investigators in response to a request for

applications. Since our financial support

was limited initially to a few philanthropic

contributions, supplemented later by do-

nations from some of the participating insti-

tutions, we were unable to award funds to

all the applicants. We therefore recruited a

panel of experienced investigators, all of

whom work outside New York at institu-

tions independent of the consortium, to re-

view the applications and to recommend

priority rankings. We funded seven of the

competing groups, and they have now

commencedwork on at least eight different

types of cancer (Table S2 in the supple-

mental information online). Most of the

studies are focused on African-American

patients; one addresses lung cancer in

East Asian patients.

One of the objectives of P-1000 is to ex-

pand the use of the sophisticated methods

developed at the NYGC for the determina-

tion and analysis of WGS of DNA from nor-

mal and tumor tissues. With support from

Illumina, Inc., we plan to perform WGS on

about 1000 tumor/normal pairs of tissues.

The resulting data set would be among

the largest and most diverse collection of

full-genome pairs available in oncology. It

will be housed initially at the NYGC, with

access for all members of the P-1000Con-

sortium and then for the entire research

community.

Research enterprises of the type illustrated

by P-1000 require an unusual level of co-

ordination, oversight, financial support,

and regulatory adherence, advice from

multiple disciplines of biology, medicine,

TrendsTrends inin CancerCancer

Figure 2. Results of genetic ancestry estimation on the Polyethnic-1000 (P-1000) pilot study. Top row represents self-declared race. Middle row represents

‘continental-level estimates’ (red, East Asians; blue, South Asians; green, Europeans; purple, Admixed American; orange, Africans). Bottom row represents ‘population-

level estimates’ (using the 1000 Genomes three-letter code for the reference populationsiii).
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and social science, and a cooperative

spirit among investigators in the consor-

tium. The P-1000 Steering Committee

has tried to promote these attributes in

several ways. Our senior cancer biologists

serve as advisors for the principal investi-

gators on all grants. We have recruited

two faculty members from our academic

institutions to serve as part-time ‘Cancer

and Ethnicity Scholars’, helping to solve

problems encountered by the seven

research groups. We hold bimonthly

meetings (currently only online) for all in-

vestigators in the P-1000 Consortium to

share information, to build collaborative

ties, to hear lectures on related topics by

investigators working in other locations,

and to discuss common difficulties en-

countered in P-1000 projects. We have

consulted social scientists to seek advice

about better ways to engage with patients

and their advocates. Also, we continue to

seek the additional financial support that

will be required to bring such work to the

point at whichmedically significant conclu-

sions can be reached.

Prospects for P-1000

We are conscious of the magnitude of the

efforts required to gather enough genetic

and clinical information to permit conclu-

sions that will deepen our understanding

of oncogenic mechanisms or promote

changes in clinical practices such as pre-

vention, risk assessment, diagnosis, or

treatment. It is unlikely that studies of

even the large and diverse population of

the New York City region will lead to such

advances without the pursuit of similar

objectives in other US cities and other

countries and without extensive sharing of

genomic and clinical data. Consequently,

we offer this preliminary report of our experi-

ence to date with P-1000 in the hope that

investigators in other regions of the USA

and other countries will be encouraged to

develop similar programs, to make use of

theWGS data that we will ultimately provide,

to use such projects as platforms for training

students and fellows in the conduct of

research on ethnicity, medical genomics,

and health disparities, and to confer with us

aboutmore equitableways to pursue cancer

science through engagement with popula-

tions of patientswhomore broadly represent

the genetic diversity of our species.
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