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ABSTRACT Cancer is the second leading cause of death in New York City, with nearly
15,000 deaths each year. The urban setting of New York City provides ready access to
large and diverse populations for whom racial/ethnic disparities in cancer risk and out-
comes can be examined. A new cohort study was undertaken with several aims: (1) to
provide a database and biorepository for studies of cancer etiology and pathogenesis,
including host genetics; (2) to differentiate risk factors that contribute to racial/ethnic
disparities in cancer risk, prevention, control, incidence, mortality, and survival; (3) to
provide timely data on cancer risk and preventive behaviors that can be used to mobi-
lize and then evaluate public health programs. Scientists from multiple institutions
contributed to protocol design and implementation. Study instruments included demo-
graphics, personal and family history of cancer, risk and prevention efforts. End points
include linkage with registries and medical record reviews. Using venue-based sampling
with quotas, 18,187 adults aged 30 years or older were recruited over a year to undergo
a baseline questionnaire, venipuncture, and contact information. The sample was 39%
male, 37% older than 50 years, 58% white, 20% African American, 18% Hispanic,
and 9% Asian. In terms of family history of cancer, 21% reported mother, 21%
reported father, and 5.9% reported both parents with cancer; 8.5% reported any sib-
ling with cancer. At baseline, 1,231 participants reported prior cancer. Showing the
feasibility of constructing a cohort based in New York City, plans proceed for addi-
tional recruitment and analyses on the salient questions about cancer. 

KEYWORDS Cancer, Control, Epidemiology, Etiology, Incidence, Mortality, New York
City, Pathogenesis, Prevention, Survival. 

INTRODUCTION 

Cancer is the second leading cause of death in the United States.1 Although great
strides have been made in treatment, underlying factors that put some individuals at
higher risk for contracting the cancer are not fully characterized.2 In the past few
years, there has been a renewed focus on understanding racial and ethnic disparities
in cancer incidence, mortality, and survival.1 The New York metropolitan area is
one of the most diverse and densely populated areas in the world. According to the
2000 US Census, the racial composition of the population of New York City is
44.7% white, 26.6% black or African American, 9.8% Asian, 13.5% some other
race, and 4.9% more than one race.3 In addition, 27% of the population of
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New York City consider themselves to be Hispanic or Latino. The median age of
the population as of 2000 was 34.3 years. 

This composition affords us a good pool from which to recruit participants for
the New York Cancer Project (NYCP) to create a cohort that includes a substantial
fraction of underrepresented minority groups. The American Cancer Society estim-
ated that there were 83,700 new cases of cancer in the state of New York, with
36,200 deaths that are the result of cancer (American Cancer Society Facts and Fig-
ures, 2002, unpublished report). New York is typical of the nation in the average
age-adjusted mortality rate for cancer deaths per 100,000, with New York’s rate
202.3 and the national rate 206.0. New York ranks 31st highest overall in cancer
mortality rates among the 50 states. By type of cancer, the highest morality is seen
with lung, colorectal, breast, and prostate cancers. Differences in mortality rates by
racial ethnic groups are large. For example, the average age-adjusted mortality rate for
prostate cancer deaths per 100,000 men in New York from 1995 to 1999 was 29.9
for white men and 58.7 for black men. Such disparities highlight the need for a diverse
cohort as a research tool to understand the underlying causes for the differences. 

Cohort studies are an invaluable resource to provide information and speci-
mens to investigate differences in incidence of cancer between populations. In the
area of cancer, a number of important cohort studies have been crucial to learning
about cancer. Several that have focused on cancer tended to sample nationally or
statewide; these studies include the Nurses Health Study,4 the Cancer Prevention
Study II,5 the Health Professionals Follow-up Study,6 the Netherlands Cohort
Study,7 and the Iowa Women’s Health Study.8 Cohort studies in large urban areas
are less common partly because of concerns about complexity of administration,
recruitment, and retention. However, the large urban cohort permits efficient access
to diverse groups (e.g., racial/ethnic, socioeconomic) who share key features of the
environment, including standardized field operations. 

To this end, the Academic Medical Development Company (AMDeC) Found-
ation was established; it is a consortium of 39 New York State institutions, including
academic institutions, community hospitals, and research institutes. The full plan for
the NYCP is to recruit 300,000 racially and ethnically diverse adult volunteers and to
follow them for 20 years. The first phase of the project, reported here, a pilot project,
had the following operational objectives: (1) recruit 17,000 racially and ethnically
diverse volunteers within 24 months, (2) create a biorepository to house deoxyribonu-
cleic acid (DNA) and plasma samples from each volunteer, and (3) create a database
to store the information collected about each volunteer. The basic function of the pilot
was to test the feasibility of the “urban cohort” concept and to build an infrastructure
for scientists to utilize as a source of biological, behavioral, and epidemiological data. 

PURPOSE 

Recognizing the multidisciplinary nature of cancer studies and the need to tap into
multiple resources to provide a state-of-the-art project, the NYCP has two major
purposes. The first is to create an administrative structure that will attract a diverse
group of scientists both to work independently on their question of interest and to
consider the opportunities for collaboration and synergy with other scientists. The
second purpose is to provide a core (or “skeletal”) cohort structure that addresses
some basic epidemiological and behavioral questions, but also is maintained as a
resource for the addition of innovative scientific work using the specimens and out-
come data from the cohort. For example, the technology for genetic assays has
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grown considerably and likely will continue to do so; the cohort provides a frame-
work to follow persons for cancer outcomes and then conduct nested case–control
studies with the most recently developed assays relevant to pathogenesis hypotheses. 

To accommodate this broad purpose, it was recognized that the design for the
cohort needed to be flexible and broadly applicable for a variety of different
research applications. At a minimum, the data gathered for the core cohort should
address three broad areas of research activities. First, the NYCP supplies the necessary
data to identify the prevalence of cancer risk behaviors and screening practices across
all subgroups within the population. By following the same cohort over 20 years,
the NYCP will track changes in cancer risk behaviors and screening practices over
time. These behaviors can monitor the impact of such things as public health initia-
tives, new understanding of risk behaviors, or educational campaigns with information
collected in successive waves of the annual follow-up of participants. Second, the
NYCP over time will provide estimates of the incidence of and risk factors for
cancer-, mortality-, and survival-based registry and vital record linkages. Third, the
NYCP data will provide a repository of data, DNA material, and plasma specimens
to be accessible to scientists for National Institutes of Health R01 or industry
research and development applications to promote studies of etiology and pathogen-
esis through such mechanisms as nested case–control studies, full cohort assessment
with follow-up, and requests for masked “normal controls” to permit comparison with
clinical case material of the requesting investigators. A priority emphasis for the cohort
is to capitalize on the ability to elucidate disparities in cancer risks. 

Study Organization 
The study is administered by AMDeC, but has a steering committee that includes
five representatives. The steering committee includes administration from AMDeC
responsible for field operations, interinstitutional relations, and budget. There is
also representation from basic science, epidemiology, information systems/data
management, and laboratory biorepository. This steering committee is charged with
developing policies and procedures presented to a senior scientific advisory board
and a community advisory board for input and expertise. The policy and proced-
ures govern the development of a concept and protocol review committee that has a
rotating list of experienced scientists for review and committees for study operat-
ions, including sampling, questionnaire development, laboratory processing and
storage, quality assurance, data management and analysis (separate from the external
data safety monitoring board), and external consultants for periodic ethics review
of operations apart from the institutional review board. 

A community advisory board was in place early to encourage rapport and
responsiveness to community issues and to facilitate recruitment. As the cohort con-
tinues to form, a separate peer advisory board of volunteer study participants is part
of the operations to ensure that the burden on participants or perceptions about
procedures or release of results is considered with appropriate sensitivity. Meetings
are regular, and ad hoc task forces are developed to address needs as they arise. 

METHODS 

Recruitment 
Enrollment for the first phase of the NYCP occurred between January 2000 and
December 2002. Fourteen enrollment sites were set up across the five boroughs of
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New York City. Sites included six medical centers, two community hospitals, and
six community-based health centers. In addition, the New York Blood Center
enrolled individuals into the project as part of its routine donor blood drives.
Enrollment sites were selected according to the demographics of the patient body
in the institution and their location to ensure every borough in New York City was
covered. A team of scientists (listed in the acknowledgement) developed study
protocols and materials. The process was designed to recruit an ethnically and
socioeconomically diverse cohort, specifically targeting individuals of African,
Caribbean, Latino, Chinese, Russian, Irish, and Italian descent. 

A variety of recruitment modalities were used to reach our targeted popu-
lation as well as to reach high enrollment numbers. An aggressive recruitment
effort included dissemination of promotional materials (developed pro bono by
Young and Rubicam Advertising agency), community outreach by AMDeC staff,
press conferences, advertising, and media events such as radio ads, community
newspaper ads, and celebrity press events. The Young and Rubicam materials
were used in two citywide advertising campaigns involving bus, subway, and con-
venience store displays. 

Additional outreach to the community included events held with prominent
political and community leaders and organizations. More locally targeted recruitment
incorporated education as a main focus, including informational meetings with
clinical and outreach staff at the enrollment institutions and presentations at local
businesses, community centers, and community meetings. Other methods for
recruitment were tailored to the needs of each enrollment site target group. Incen-
tives were offered as a choice of two of three: a 1-day Metro card (transportation),
a $10 phone card, and a T-shirt with the project logo. 

Enrollment 
Each NYCP enrollment site had a team of interviewers, phlebotomists, a project
coordinator/outreach worker, and (for the medical centers only) a faculty member
who served as the site co–primary investigator for the project. Enrollment was
conducted using study-eligible volunteers either (1) on site at the enrollment centers
or (2) off site in community settings where mobile site staff conduct the enrollment
protocol. Interview data were collected on laptop computers and sent via a secure
Internet line to the Department of Medical Informatics. Each interviewer was trained
to ensure the uniform collection of data. Further, to verify adherence to interview
format, AMDeC staff performed spot checks at each of the interview sites. 

To be eligible, enrollees had to be 30 years of age or older, reside in the New
York Tri-State area, and have a literacy level sufficient to complete a simple mail-
out follow-up questionnaire (potential subjects were screened using a sample
questionnaire). 

Study protocol was approved by the institutional review boards of all partici-
pating institutions. All study requirements and procedures were explained to the
subjects verbally and in writing, and their written informed consent was obtained.
The informed consent specifically included permission to use their DNA for
research purposes on a de-identified basis. 

Data Collection 
At baseline, consenting and eligible participants complete a screening questionnaire
and a baseline questionnaire and then undergo venipuncture for 50 cc of whole
blood. The questionnaire includes the following: 
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Demographic information: unique bar code identifier, type of encounter
(screening, baseline, follow-up), site code, interviewer code, age, sex, ethnicity
and race as categorized for the 2000 Census 

Personal medical history: self-reported diagnoses and medical procedures
for participants and their first- and second-degree relatives, with details
including date and age of occurrence 

Substance use: usage of tobacco, alcohol, and medications, with detail such
as type, duration and frequency 

Reproductive history: for women about pregnancy, menstruation, and use
of hormones 

Body measurements: height, weight, hip, and waist measures for the baseline
visit 

The instrument takes approximately one half to 1 hour to complete and was
provided to interviewers on laptop computers for direct data entry. At the conclusion
of each contact, the study requests (and updates) contact information such as
address and telephone for subjects and alternate parties, as well as identifiers to
facilitate registry linkages. 

Registry linkages include the New York State department of vital records; the
National Death Index; the Cancer or Tumor Registries for New York, Connecticut,
and New Jersey (with further linkages to be established); and as appropriate, signed
medical release forms to facilitate access to medical records. Because of the sensitivity
of information being collected (including substance use), the study provides a
Federal Certificate of Confidentiality issued by the Department of Health and
Human Services. 

Data Management 
In building the information system to support the NYCP, a number of challenges
had to be faced: 

1. The data collection sites were geographically distributed. 
2. Certain sites lacked Internet connections. 
3. Interviews required considerable time to complete. 
4. Participants spoke languages other than English. 

Because of lack of suitable commercial solutions, the Informatics Core developed a
software application that was deployed on laptops and distributed to the participat-
ing sites. Screens were designed to promote rapid data entry, easy navigation
through the questionnaire, and validation logic checks in real time. Questionnaires
were implemented in English, Spanish, Russian, and Chinese. 

All data in the study were stored centrally. Data collected on the laptops was
transmitted on a daily basis to the central server through the local network of the
interview site, by phone line, and by diskette when no other means was available.
A secure file transfer protocol was employed to ensure confidentiality. 

Bar Coding 
Another challenge for the information system was to forge a link between the sub-
ject’s interview and the blood specimen for the duration of the project while protecting
the subject’s identity. This was accomplished through the use of bar code labels,



306 MITCHELL ET AL.

which were available to interviewers at all recruitment sites. Interviewers were
instructed to attach identical bar code labels to the tubes used for blood samples, the
consent form, and the screening form. The interviewer entered the bar code into the
questionnaire software using a bar code “gun” provided with each computer. 

Self-reported diagnoses and medical procedures were coded using the Inter-
national Classification of Diseases (ICD). Interviewers were also permitted to enter
free-form diagnoses and procedures for both subjects and family members. A program
was written to parse these textual entries and assign ICD codes using standard
nosology, accounting for misspellings, synonyms, and abbreviations. 

Sample Management: Biorepository 
The biorepository infrastructure and robotic systems were specifically designed and
developed to meet the needs of the NYCP.9 The details of the system, as well as
photos and video of the laboratory operations, can be found at http://
www.biorep.org. The primary focus of the biorepository is the extraction of DNA
and plasma from human whole blood and the management of data associated with
subsequent specimen processing. 

The NYCP biorepository is designed to handle a 50-mL volume of whole blood
per specimen in vacutainer tubes. Briefly, the sample processing begins with centri-
fugation of blood specimens with removal and storage of plasma. DNA is then puri-
fied by osmotic lysis of red blood cells with an ammonium chloride salt solution and
subsequent lysis of white blood cells with a detergent lysis solution. After heating,
the cell lysate protein is then precipitated using an ammonium acetate salt solution.
The DNA is then precipitated with alcohol and resuspended in TRIS/EDTA buffer.
Current yields from human blood are 30 µg of DNA per milliliter of blood, and the
DNA is stored at a concentration of 100 µg/mL. 

A major design goal of the NYCP biorepository was to permit robotic retrieval
of DNA specimens after DNA has been stored. This has been achieved through the
use of a TECAN/GIRA MOLBANK storage system. The MOLBANK is a robotic
freezer and specimen management system that is incorporated into the robotic oper-
ations at the North Shore Long Island Jewish Health System Biorepository. It holds
2,574 storage plates, each containing 96 DNA specimens, for a total system capacity
of 247,104 specimens. The system software communicates with the MOLBANK
robotic system, producing physical movement of bar-coded specimens between
instruments and communication of all tracking data to a linked SQL server database.
The MOLBANK system provides accurate hands-off processing of specimen storage
and retrieval operations. The specimen retrieval operation of this system can be
viewed at http://www.biorep.org/PublicSites/video.asp. 

Statistical Analysis 
Description of the baseline cohort involved frequency distributions of select
variables cross-tabulated by personal history of cancer. Variables of interest for
this description include those with versus without a personal history of cancer (by
type), with distributions of age, sex, race/ethnicity, parental and sibling history of
cancer, history of smoking, and body mass index (BMI). As a primary interest of
the study involves genetic factors related to cancer, we used multivariable logistic
regression to compare a family history of cancer between those with (overall) and
those without a history of cancer, adjusting for age, sex, race/ethnicity, and smoking
history. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to guide
interpretation. 

http://www.biorep.org
http://www.biorep.org
http://www.biorep.org/PublicSites/video.asp
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RESULTS 

From the recruitment, 18,187 adults older than 30 years provided complete inform-
ation and specimen from venipuncture (Table 1). Of the total, 16,964 were cancer
free (10,185 women and 6,771 men, and 8 with gender not recorded). The remainder
reported a past history of cancer, including 96 with colorectal, 286 with skin, 88
with lymph, 96 with cervix, 57 with uterus, 409 with breast, 80 with prostate, and
187 with other cancers (combined for cancers with frequency <50 cases). 

For the cancer-free group, 60.1% were female, 33.9% were at least 50 years
old, 58.9% were white, 20.6% were African American, 9.6% were Asian, 7.2%
were other, 3.7% refused to answer, and for ethnicity, 18.5% reported Hispanic.
The distribution of racial/ethnic groups for those older than 50 years was statis-
tically similar to the New York City 2000 Census (data not shown). In terms of
family history of cancer among the cancer-free participants, 20.2% reported cancer
in the mother, 20.9% in the father, 5.6% in both parents, and 7.8% in siblings. The
proportion who reported a history of smoking was 41.0%. The proportion with a
BMI above 25 was 65.4%, and above 30 was 27.7%. 

Table 2 shows a comparison of the participants with and without a prior history
of cancer by the variables in Table 1. Participants with a history of cancer were more
likely than those without cancer to have a family history (in first-degree relatives) of
cancer (OR 1.34; 95% CI 1.18–1.53) after accounting for age, sex, race/ethnicity, and
smoking history. Because BMI may be a result rather than a predisposing factor for
cancer, this was not included in the model. In separate models, the adjusted odds
ratios for having a mother with cancer was 1.28 (95% CI 1.09–1.52), but was not
significant for paternal history (OR 1.17) or both parents (OR 1.01). Cancer cases were
more likely than cancer-free controls to have reported siblings with cancer (adjusted
OR 1.56; 95% CI 1.32–1.86), and cases were also more likely to report more family
members with a history of cancer (adjusted odds ratios for having one family member
with cancer was 1.27; 95% CI 1.11–1.46); for two members, it was 1.38 (95% CI
1.13–1.68); and for three or more family members, it was 3.60 (95% CI 2.48–5.23). 

DISCUSSION 

In the past few years, the issue of racial/ethnic and socioeconomic disparities in
health has become a priority national concern, and reducing such disparities is a
national priority.10 Such disparities are pronounced for large cities, where income
disparities within ZIP codes can approach the bottom and the top of the scale.
Andrulis11 described the situation of health challenges in cities as the urban penalty.
The NYCP provides an opportunity to acquire within a single geographic location
at a single time, using the same field and laboratory methods, information between
a variety of different groups with differences in cancer risk factors, screening behav-
iors, cancer incidence, mortality, and survival. 

One of the major thrusts of the NYCP is to elucidate the genetic basis of cancer
incidence. The genetic basis for cancer has been evolving (e.g., for colorectal cancer; see
Ref. 12). From the questionnaire data of the baseline visit, we observed an association
between prevalent cases of cancer and a family history of cancer (in first-order rela-
tives). Although such analyses are imperfect because they involve prevalent rather than
incident cases and a family history could imply a genetic source or a shared environ-
ment, these associations can be further refined to better focus laboratory investigation.
Specimens from the study might also be used to investigate important environmental
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sources, including the etiologic role of infectious diseases and cancer. These issues may
be better clarified with the prospective nature of the cohort. Specimens have been care-
fully selected and stored to permit focused nested case–control studies as the cohort
matures and new cases of cancer are identified. A proportion of the specimens is avail-
able for investigators to test observed prevalent cases (i.e., cancer survivors) and cancer-
free individuals, as well as freestanding cancer-free controls (which can be matched on a
number of available variables, such as age, sex, and race/ethnicity) for investigators who
have accumulated case series. To date, several such studies have been conducted.13,14 

In addition to laboratory-based studies, this study is well positioned to docu-
ment differences early in risk and screening behaviors that can call attention to
deficiencies at a population level, such as the low rates of colon cancer screening.15

The advantage of the cohort design is that follow-up questionnaires can identify
rates of screening (or risk behaviors such as smoking and exercise) that can be used
to evaluate communitywide campaigns to encourage higher levels of screening or to
reduce disparities. Currently, cancer screening data15,16 from the NYCP was comp-
ared with a random digit dial cross-sectional survey by the New York City Depart-
ment of Health.17 and showed highly similar associations. The behavioral
dimension of the study to document change over time, although not intended as a
primary aim, is an important ancillary function of the study. 

Although estimates of cancer incidence and mortality require more than the num-
bers recruited thus far, the experience of the first phase has provided an important
pilot to be able to produce a more streamlined approach in building toward the next
phase of recruitment. The study is also intended to examine other outcomes, such as
cardiovascular disease, diabetes, and other chronic diseases with a shorter latency
period than most cancers. Thus, the study should become an important resource for a
wide range of investigations critical to improving the public’s health. 

TABLE 2. Multivariate Associations for History of Cancer, New York Cancer Project 

 N OR CL/L CL/U P-value

Sex      
Male 314 1.00    
Female 907 1.77 1.544 2.039 <.0001

Race     
White 821 1.00    
Black 168 0.68 0.574 0.819 <.0001
Asian 74 0.56 0.44 0.732 <.0001
Other 85 0.96 0.738 1.255 0.7770
N/A 35 1.04 0.692 1.510 0.8263

Ethnicity     
Hispanic 156 0.75 0.603 0.929 0.0212

Age group     
< =39 129 0.13 0.107 0.164 <.0001
40–49 276 0.26 0.223 0.314 <.0001
50–59 437 0.52 0.454 0.617 <.0001
60+ 366 1.00    

Smoking status     
Smoker 609 1.14 1.014 1.301 0.0224

Family history of cancer     
At least one family member with cancer 664 1.34 1.188 1.527 <.0001
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