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dimensional images. These are exactly the type of images that
are produced by CT scanners as opposed to the conventional
two-dimensional images that we perceive with the retinas of
our eyes or that are represented by photographs or television.
Without a medical imaging connection, however, there had
been no applications to which these techniques could be
applied, and this research had remained dormant for 13 years.

The main outcome of the 1997 meeting at WCMC was the
identification of a strong synergistic opportunity between the
ELCAP and VIA groups that has resulted in an enduring col-
laboration. Our three-dimensional image analysis techniques
could be applied to the lung CT images obtained by the ELCAP
study to aid in the early diagnosis of lung cancer. We first
presented these techniques at the Radiological Society of North
America (RSNA) conference in November 1997. Since that
time, in addition to the tremendous advances in CT imaging
technology, the medical devices industry has realized the impor-
tance of three-dimensional methods in what is now called
volumetric analysis. Now, all the major manufacturers provide
such computer algorithms for their scanner products. The largest
CT device manufacturer, GE, has licensed some of the patents for
the early algorithms developed by the ELCAP-VIA collaboration.

Birth of a Collaboration
A fortuitous meeting between two research groups, the Early
Lung Cancer Action Program (ELCAP) at the Weill Cornell
Medical College (WCMC) in New York City and the Computer
Vision and Image Analysis group (VIA) in the College of
Engineering on the Ithaca campus, occurred in February 1997.
The ELCAP project, led by Claudia I. Henschke and David
F. Yankelevitz, Radiology, WCMC, began in 1993 to conduct
studies on lung cancer screening using computer tomography
(CT) scans. Henschke and Yankelevitz realized that there was
an opportunity for computer analysis methods to play a role
in lung cancer screening. In pursuing this idea, they made an
initial contact with the Department of Computer Science in
Ithaca to identify an appropriate connection. A follow-up visit
was planned at WCMC. Through informal discussions, the VIA
group in the School of Electrical and Computer Engineering
was invited to attend a meeting at which presentations to iden-
tify mutual interests were to be made.

I had led the VIA group with a research program in computer
vision and high-speed computer architectures since joining
the Cornell faculty in 1982. At that time, we had developed a
number of techniques that were suitable for analyzing three-
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Working through the Challenges of Collaboration
The early years of the collaboration faced a
number of challenges. WCMC was not familiar
with dealing with Cornell-Ithaca and initially
considered the Ithaca campus to be a differ-
ent institution. The School of Electrical and
Computer Engineering had little experience
in dealing with NIH grants. The distance
between the campuses and the cost of travel
and accommodation, particularly in New
York City, were barriers to overcome. Today,
the situation is much better. The remote

research collaboration is facilitated with the
web-based data management system that we
developed. This permits physicians at different
sites to interact with the technology
researchers in Ithaca. I have a faculty
appointment in the Department of Radiology
at the WCMC. Claudia Henschke is a mem-
ber of the Biomedical Engineering graduate
field and has served on the Ph.D. committee
of a Cornell-Ithaca graduate student. Now,
we also have the campus-to-campus bus
that students can use. With frequent tele-
phone conversations and meetings at
conferences, the need for travel between the
campuses is much less than it was at the
beginning of the collaboration.

Conducting Multisite Clinical Studies,
an Unexpected Evolution
One unanticipated outcome of the collabora-
tion was the development of a web-based
system for conducting multisite clinical
studies. The system came about through
three main factors: the need to conduct
large clinical studies, the need to do collab-
orative research between remote locations
(Ithaca and New York City), and the need to
extend the clinical studies efficiently to
involve more clinical sites. The initial moti-
vation was the need to efficiently conduct
clinical studies. In 1997 the ELCAP group
mainly used methods based on Excel spread-
sheets. The VIA research group was using a
web-based system to access and review
image data. First, we extended the system to
handle data forms and then to integrate the
medical image data with the data forms. The

web system has now evolved into a unique
facility for managing clinical studies. All
functions for the study are integrated into
a single system including data form man-
agement, protocol adherence, center
monitoring site review, subject scheduling,
and online image review. The system has
enabled the expansion of the original ELCAP
study into the ongoing International-ELCAP
(IELCAP) study that is a multicenter study
pooling data from over 40 sites worldwide.
IELCAP is the largest clinical study of its kind.

Identifying Pulmonary Nodules as Small
as Possible
Lung cancer usually appears as abnormal
growth of cells in the lung. In CT images,
groups of such cells (and other abnormal
activates) are visible as dense regions called
pulmonary nodules. Screening for lung can-
cer involves taking periodic CT images of
the chest. The radiologist examines the CT
image scans, which may contain more than
200 images, for the presence of pulmonary
nodules. The goal is to identify pulmonary
nodules at a size as small as possible when
cancers are most treatable. Lung cancer that
is detected by symptoms, for example,
coughing or wheezing, shortness of breath,
typically occurs at a late stage when the
nodule is large and a cure is far less likely.
The examination of the CT scan by the radi-
ologist to identify small nodules in the
context of normal dense structures in the
lungs, such as blood vessels, is a very
tedious time-consuming task involving high
concentration. A second complication is that
not all nodules are cancer and the smaller
the nodule, the greater the probability that it
is benign. After identifying a pulmonary
nodule, a second task is to determine if it is
malignant.

The VIA group developed computer
algorithms that assist with both tasks. A
computer nodule detection algorithm con-
siders all of the CT images and highlights
regions which it finds likely to be pulmonary
nodules for the radiologist’s attention. The
challenge in designing such algorithms is to

Henschke and Yankelevitz realized that there was
an opportunity for computer analysis methods
to play a role in lung cancer screening.

Research
in Progress

David Yankelevitz, Radiology, WCMC
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£ We had developed a number of techniques
that were suitable for analyzing three-
dimensional images.

£ There had been no applications to which
these techniques could be applied, and this
research had remained dormant for 13 years.

£ Our three-dimensional image analysis
techniques could be applied to the lung CT
images obtained by the ELCAP study to aid in
the early diagnosis of lung cancer.

£ The medical devices industry has realized
the importance of three-dimensional methods
in what is now called volumetric analysis.

£ The largest CT device manufacturer, GE,
has licensed some of the patents for the
early algorithms developed by the ELCAP-VIA
collaboration.

£ A computer nodule detection algorithm
considers all of the CT images and highlights
them for the radiologist’s attention.

£ We developed volumetric sizing computer
algorithms that accurately measure the total
volume of the nodule in all image slices.

£ The web-based data management system
we developed for this project permits the
real-time monitoring of protocol adherence
and is an important component of quality
control for the screening process.
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Multidisciplinary Approaches 
to Lung Cancer
During the summer of 2007 we held a meeting in Ithaca, Multidisciplinary
Approaches to Lung Cancer: Moving toward Personalized Screening, Diagnosis,
and Treatment, to explore and identify research interest in lung cancer.

Photos on this page: Lindsay France/CU
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make them sensitive enough to detect all
nodules (true positives) without making too
many erroneous identifications (false nega-
tives). The malignancy of intermediate and
large nodules may be determined by addi-
tional tests such as needle biopsies or PET
scans. We, however, found that a high
growth rate is a very good predictor of
malignancy. By measuring the size of the
nodule at two different times and relating
the change in size to the inter-scan time

interval, we can obtain the growth rate.
Radiologists typically make size estimates by
a single diameter measured across the image
with the largest area of the nodule. This
method is subject to a large amount of error.
We developed volumetric sizing computer
algorithms that accurately measure the total
volume of the nodule in all image slices. 

Effective lung cancer screening requires
adherence to a complex protocol. This pro-
tocol indicates what follow up tests are
required for image findings and what
actions are to be taken to ensure timely
identification and treatment of cancers.
Errors in following the protocol may have a
significant effect in a study’s outcome. The
web-based data management system we
developed for this project permits the real-
time monitoring of protocol adherence and
is an important component of quality control
for the screening process.

Annual Low-Dose CT Screening
Lung cancer results in more deaths in the
United States than any other cancer. It
accounts for more deaths than breast, cervix,
colon, and prostate cancer combined. Because
lung cancer has no symptoms in its early
stages, more than 85 percent of the men and
women who are diagnosed with lung cancer
today are diagnosed in a late stage, after
symptoms occur and when there is very little
chance of cure. As a result, approximately

95 percent of the 173,000 people diagnosed
each year die from the disease. 

The initial results from the ELCAP study
were published in 1999 in The Lancet. The
primary results from the IELCAP follow-up
study of 31,567 people were published in the
New England Journal of Medicine in October
2006. This second publication showed that
lung cancer can be detected at its very earliest
stage in 85 percent of patients using annual

low-dose CT screening. When followed by
prompt surgical removal, the 10-year survival
rate is 92 percent. 

Advanced Computer Algorithms, the New
Medical Expert? 
The results from our research in the devel-
opment of new image analysis tools show
we have made great progress towards the
promise of automated analysis of medical
images. Today, computer algorithms are
invaluable to the radiologist in detecting
small lesions in whole-lung CT image scans
and in accurately measuring these lesions;
experimental algorithms are also available
for the quantitative evaluations of chronic
obstructive pulmonary disease (COPD),
including emphysema. Ultimately, we expect
that computer algorithms will achieve a per-
formance that equals or exceeds that of the
best medical experts. To accomplish this, it
is necessary to establish a very large data-
base of sets of images with a known
diagnosis. The database would be used as
the knowledge source to train and validate
advanced computer diagnosis methods. Once
this goal is achieved, the algorithms may be
distributed with all medical imaging devices
to provide the highest, consistent quality
reading for all medical images. 

The National Cancer Institute (NCI) has rec-
ognized this database need, and the ELCAP/
VIA groups work with six other institutions 

The remote research collaboration is facilitated
with the web-based data management system
that we developed. This permits physicians at
different sites to interact with the technology
researchers in Ithaca.

Research 
in Progress
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£    Lung cancer results in more deaths in the
United States than any other cancer.

£   Because lung cancer has no symptoms in its
early stages, more than 85 percent of the men
and women who are diagnosed with lung cancer
today are diagnosed in a late stage, after symp-
toms occur and when there is very little chance
of cure.

£ Cornell showed that lung cancer can be
detected at its very earliest stage in 85 percent
of patients using annual low-dose CT screening.

Claudia Henschke, Radiology, WCMC

(Clockwise) Anthony Reeves, graduate students
Sergei Fotin, Brad Keller, Jaesung Lee, Artit
Jirapatnakul, and postdoc Albert Biancardi

Frank DiMeo
W
eill Cornell Art & Photography



16

in the NCI-sponsored Lung Image Database
Consortium project to create a documented
lung image database for the development
and evaluation of computer methods. The
ELCAP/VIA groups have also released two
web-based documented databases that are
open to the public. The first contains 50 CT
scans with all pulmonary nodules identified
(for automated nodule detection algorithms)
and the second, sponsored by the Prevent
Cancer Foundation, contains a variety of
lung lesion types that are documented for the
purpose of size and growth rate evaluation,
which is relevant for cancer diagnosis and
therapy response evaluation.

Expanded Directions
Since the publication of the major results 
in 2006, both research groups have been
exploring new research directions from
which there are many to choose. Two new
clinical studies are in progress to continue
the lung cancer-screening mission. The
Legacy Lung Cancer Screening and Smoking
Cessation Project is for current smokers who
are thinking about quitting now or in the
future. This project studies how different
types of smoking cessation given to people
undergoing CT screening will help them to
quit. The FAMRI-IELCAP project, sponsored
by the Flight Attendants Medical Research
Institute (FAMRI) explores early detection

and treatment of diseases related to second-
hand cigarette smoke. These diseases may
include emphysema, chronic bronchitis,
asthma, cardiovascular disease, sinusitis,
osteoporosis, and lung cancer. 

During the summer of 2007, we held a meeting
in Ithaca, Multidisciplinary Approaches to
Lung Cancer: Moving toward Personalized
Screening, Diagnosis, and Treatment, to
explore and identify research interest in lung
cancer. WCMC physicians, mainly from IELCAP
and Thoracic Surgery, and researchers asso-
ciated with Cornell-Ithaca’s life sciences
attended. We defined a number of joint
working groups at the meeting and made
plans for a follow-up meeting at WCMC.

Continuing its strong collaboration with the
ELCAP group, the VIA group provides the
technology foundation for new clinical studies
and an ever-evolving set of image analysis
tools that are integrated within the studies.
One new collaborative research direction is
lesion measurement of images for treatment
evaluation; several pharmaceutical companies

are sponsoring projects in this area. In addi-
tion, the VIA group is pursuing a number of
new directions, reaching out to research
communities across the Cornell campus in
anticipation of new research collaborations
that will enable other projects to conveniently
archive and review images on a web-based
system and to take advantage of advanced
image analysis computer methods. 

Pushing toward Accuracy in Diagnoses
A main focus of our current algorithm research
is to make accurate measurements on images
such as measuring the size of a lesion; the
goal is to replace the subjective size estima-
tion from human observation with a precise
repeatable computer measurement for which
the measurement error can be well estimated.
Such accurate measurement is important to
the diagnosis of disease from lesion growth
rate and to the rapid evaluation of response
to therapy for drug trials. This concept applies
to many areas of scientific research where

results are obtained by the observations of
image data. Our goal is to extend the web-
based research system together with an
educational program to provide a Cornell
resource for managing image data, provide
access to quantitative image analysis tools, and
facilitate collaborative image-based research
within and beyond the Cornell community. 

Anthony P. Reeves
Electrical and Computer Engineering

For more information:
Reeves, apr5@cornell.edu
www.via.cornell.edu 
www.elcap.org 
Cornell Lung Cancer Group:
www.via.cornell.edu/lungcancer
Cornell Documented Image databases:
www.via.cornell.edu/dtabases

The goal is to identify pulmonary nodules at 
a size as small as possible when cancers are
most treatable. 



CT Imaging

Nodule 
Measurement

(a) CT image though the lungs
showing a small nodule; (b) CT
image slices through a small 
nodule identified by the computer
(red); (c) 3D visualization of a
small pulmonary nodule (blue),
vessels in the lung (red), and the
chest wall (grey)

Small Pulmonary 
Nodule Detection

A small pulmonary nodule on a 
CT image detected by computer

Emphysema 
Evaluation 

(a) CT image of a section through
the lungs; (b) regions of low lung
density shown in red

CT Image 
Slices

(a) CT image slices through the
nodule; (b) CT image slices
through the large nodule labeled
by the computer (red) and other
solid structures (green)

(a)

(b)

(a)

(b)

(a)

(b)

(c)
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