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Rationale and Objectives: To analyze radiologist lung nodule segmentations in the Lung Imaging Database Consortium
(LIDC) database and to apply statistical tools to generate estimates of ground truth. This investigation expands on earlier
work by considering a larger number of cases from the LIDC database, and results were generated on a per-nodule basis,
as opposed to a per-case basis as was done previously.

Materials and Methods: We analyzed nodule data drawn from the 41 most recent computed tomography exams released
by the LIDC. We combined radiologist segmentations for a given nodule using different consensus schemes: union, inter-
section, and simultaneous truth and performance level estimation (STAPLE). We also generated three-dimensional models
of the manual segmentations using discrete marching cubes to visualize features of the data.

Results: Using the union as the consensus scheme produced the greatest number of nodule-positive voxels while using the
intersection produced the fewest. Considering only nodules for which all readers agreed on nodule presence, STAPLE
computed sensitivity averages for readers one, two, three, and four were 0.91, 0.83, 0.90, and 0.77, respectively. Specific-
ity averages were 0.97, 0.98, 0.97, and 0.97. Considering cases for which there was disagreement about nodule presence,
sensitivity results become 0.67, 0.74, 0.60, and 0.37. Specificity results in this case are 0.95, 0.95, 0.95, and 0.98. STAPLE-
generated pmaps exhibited probability values tightly grouped below the 0.25 and above the 0.75 probability levels. Three-
dimensional models of manually segmented nodules revealed step-artefacts in the segmentation data.

Conclusions: Radiologists often disagree about nodule presence. Ideally, knowing each reader’s sensitivity and specificity
a priori is preferred for optimal STAPLE results. Knowing these values and developing manual segmentation tools and
imaging protocols that mitigate unwanted segmentation features (such as step artefacts) can result in more accurate esti-
mates of ground truth. Furthermore, a computer-aided detection algorithm’s performance is a function of the ground truth
estimate by which it is scored.
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Despite warnings stretching back 40 years—the initial US
Surgeon General’s Report on Smoking was issued in
1964 and warning labels have been required on cigarettes
sold in the United States since 1969 —Iung cancer re-
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mains a serious health threat in the world with an esti-
mated 1 million deaths in 2000 (1). For the United States,
lung cancer is the single largest fatal malignancy and is
second only to heart disease in yearly fatalities; it makes
up 32% of the cancer deaths among men and 25% of the
cancer deaths among women. There are few effective
treatments and 5-year mortality is approximately 14%
(2,3) because largely to advanced stage of the disease



ANALYSIS OF EARLY STUDIES RELEASED BY THE LIDC

Academic Radiology, Vol 14, No 11, November 2007

at diagnosis. Despite this, lung cancer screening is not
recommended, even for at-risk populations, based
largely on statistically powerful studies carried out in
the 1970s that showed little benefit to lung cancer
screening. However, imaging advances over recent
years—most notably the advent of thin slice multide-
tector computed tomography (MDCT)—have prompted
revisiting the notion of screening.

Recent studies of stage I cancers demonstrate that the
diagnosis of lung cancer before metastases can give
5-year survival rates as high as 70% (1,4) and other stud-
ies (5) equate small, subtle cancers with early-stage dis-
ease. But before screening becomes widely accepted,
issues involving overdiagnosis, radiation dose, and appro-
priate population selection must be addressed. However, a
dose-limiting screening protocol that enables early nodule
detection while limiting overdiagnosis appears within
reach. One of the promising vehicles for early detection is
the low-dose MDCT scan. MDCT has been shown to be
an effective method for detecting small (<1 cm) nodules
in the lungs that may be cancerous or precancerous le-
sions. However, the rigors of reading a large number of
MDCT chest scans with upwards of 500 images per scan,
combined with the subtlety of some of nodules of interest
argue for computer-aided detection (CAD) as a necessity
for a rational screening program.

In this environment, the National Cancer Institute
formed the Lung Imaging Database Consortium (LIDC)
to study the barriers to effective CAD development and to
develop a database as a national resource that can be used
to expedite development (6). One of the major barriers to
the development and evaluation of effective CAD devices
is the absence of rigorous ground truth (GT). Unlike other
cancer screening applications, the determination of malig-
nancy in a discovered lung lesion is not undertaken for
small, subtle lesions because of the likelihood of morbid-
ity during the procedure. Although histologic analysis of
biopsy samples provides the most reliable assessment of
malignancy, radiologic diagnosis based on medical im-
ages serves as a surrogate for an actual malignancy deter-
mination. Performance of CAD algorithms tends to be
very sensitive to the choice of GT. Consider the chart in
Fig 1, which represents a set of lung scans read by three
radiologists. The data were generated based on lung can-
cer screening exams in the GE Global Research cancer
database. The y-axis shows how many nodules were de-
tected by one, two, or all three radiologists reading the
exams. Depending on whether single-radiologist GT, ma-
jority GT, or unanimous GT is chosen, the performance
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Figure 1. The variability of nodule ground truth based on radio-
logic consensus.

of a typical CAD system will change drastically. As an
example, a CAD algorithm with 100% sensitivity on
unanimous GT could have much lower sensitivity on sin-
gle reader GT, and an algorithm with 100% specificity for
single-reader GT could gain hundreds of false positives
using unanimous GT.

To get the best possible GT under these constraints,
and to capture nodule characteristics such as spiculations,
lobulations, and density, the LIDC asked multiple radiolo-
gists to perform a series of blinded and unblinded reads
on a number of CT lung images. Each radiologist first
read the lung cases without knowledge of how his or her
colleagues marked the exams and placed contours around
the periphery of nodules found. The radiologists also de-
scribed the nodules by scoring features such as texture,
lobulation, spiculation, subtlety, margin, and sphericity.
After all initial reads where completed, a further round of
unblinded reads were performed in which the radiologists
could modify their own contours based on the contours of
their colleagues. In the end, all four sets of final contours
were saved and provided as annotations to the exams.
This allows CAD and cancer researchers to determine an
appropriate method to combine the GT for their research
to maximize detection and diagnostic capabilities of their
algorithms.

In this article, we investigate nodule data drawn from
the first 41 LIDC datasets released. We use statistical
tools such as Simultaneous Truth and Performance Level
Estimation (STAPLE) (7) available in the Insight Seg-
mentation and Registration ToolKit (8) to both extract
estimations of GT contours from the multiple radiologist
marks and to characterize reader performance. We also
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