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Abstract

Throughout the course of this Workshop, members of the advocacy community, imaging researchers, computer and
measurement scientists, clinicians and policy-focused workshop attendees engaged in cross-cutting discussions from
innovative technical aspects of thoracic imaging to policy approaches to ensure equitable access to all at-risk
individuals when implementing lung cancer screening services. A major aspect of these implementation discussions
was how to efficiently collect routine thoracic CT-based screening with de-identified clinical outcomes data to support
the development of robust imaging tools, including responsible AI development, to better detect and manage early
lung cancer as well as other major tobacco-related thoracic diseases. A future vision involves routinely collecting a
substantial fraction of every thoracic screening CT image to establish a large, curated collection of de-identified
thoracic CT images with clinical outcome data to support open research for building better computational imaging
tools for early thoracic disease management. Imaging researchers are positioned to develop much better workflow
software tools to promote more efficient, outpatient management of the screening process for populations at-risk for
lung cancer, especially with the rapid development of promising AI tools. Efficient and effective management tools for
the large numbers of at-risk ever smokers could allow the primary care community to discuss lung cancer screening
despite their heavy existing clinical demands. Supporting the primary care community in this fashion may significantly
improve the current slow uptake of lung cancer screening and save many lives in the process.
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Introduction
The Prevent Cancer Foundation (PCF) hosted the six-
teenth annual Quantitative Imaging Workshop in Arling-
ton, VA. The Workshop is a multi-disciplinary forum that
seeks to advance quantitative CT imaging biomarkers for
early thoracic disease management. The Workshop ex-
plores opportunities to use imaging to more reliably detect
clinically aggressive early lung cancer and improve the

management of the detected cancer. In particular, the
Workshop supports the robust quantitative assessment of
the growth of pulmonary nodules as emerging literature
supports this is a sensitive and specific way to determine
the aggressiveness of early lung cancers [1–4].
The Prevent Cancer Foundation has a long-standing

interest in applying quantitative CT imaging to man-
age early lung cancer. When the first reports of the
utility of spiral CT in detecting early lung cancer
were published in 1999 by Dr. Claudia Henschke and
her co-authors from Weill Cornell Medical Center
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and Cornell University, there was considerable
skepticism about the robustness of this report [1].
The Prevent Cancer Foundation took a proactive role
in supporting the rapid evaluation of this screening
approach. In 2000, in conjunction with the Roy Castle
Foundation from the United Kingdom, and through
the advocacy of Cherie Blair, wife of the Prime Minis-
ter of the United Kingdom, the Foundation convened
the U.K.-U.S. Millennium Lung Cancer Workshop in
the U.S. Executive Office Building to explore how a
randomized CT trial could determine whether lung
cancer screening (LCS) might really reduce deaths
from lung cancer. At that workshop, Dr. Richard
Klausner, then director of the National Cancer Insti-
tute (NCI), committed to conducting a definitive ran-
domized trial to test whether CT screening could
objectively reduce lung cancer-related mortality.
When the next Director, Dr. Andrew C. von Eschen-
bach came to lead the NCI, the leadership of the Pre-
vent Cancer Foundation, in collaboration with
Professor Donald Coffey of Johns Hopkins University,
strongly encouraged Dr. von Eschenbach to finalize
the study design for the low dose screening trial and
then to conduct this critical trial.
After an in-depth evaluation, Dr. von Eschenbach fi-

nalized and then launched the randomized screening
trial that was called the National Lung Screening Trial
(NLST) [5]. The NLST is the largest ever, single-site
cancer screening trial and accrued over 53 thousand
current or former smokers ahead of schedule. The trial
conclusively demonstrated that LCS reduced lung can-
cer mortality by 20% [6]. This trial’s landmark result of
significant lung cancer-related mortality reduction ul-
timately led to the Center for Medicaid and Medicare’s
covering the cost of this new lung cancer screening ser-
vice in the target populations across America [7, 8]. Re-
inforcing the importance of this finding, a recently
published long-term (10 year) follow-up of the NLST
subjects, confirmed the substantive impact of this
screening approach and clarified that the observed rate
of overdiagnosis was below 3% [9]. This benefit has now
been reproduced in a growing number of mature trial
results from across the world, confirming this important
cancer screening benefit [10–13].
Accordingly, in recognition of Dr. von Eschenbach’s

contribution to completing the NLST and providing
gold-standard evidence of LCS benefit, which is now
leading to international acceptance of lung cancer
screening, Dr. von Eschenbach was presented the 2019
James L. Mulshine, MD, Leadership Award (Fig. 1).
Dr. von Eschenbach’s remarkable career involved working
over 3 decades as a physician, surgeon, oncologist, and
executive, including serving as Chairman of the Depart-
ment of Urologic Oncology, Executive Vice President, and

Chief Academic Officer at the University of Texas MD
Anderson Cancer Center in Houston. He also served as
President-elect of the American Cancer Society. After his
time as NCI Director, he went on to serve as the Commis-
sioner of the U.S. Food and Drug Administration (FDA).

Current status of lung cancer screening
management
During the workshop, critical discussions examined the
evolution of risk biomarkers for early lung cancer man-
agement. To date, despite many trials using molecular
epidemiology approaches, none of the candidate molecu-
lar markers has shown clinical utility beyond the estab-
lished metrics of age and tobacco exposure in predicting
lung cancer risk in tobacco-exposed populations [14].
Interest has also grown in the use of modeling ap-

proaches to evaluate risk in heavily tobacco-exposed
populations. The evolution of a modeling effort was dis-
cussed to define the mortality benefit resulting from
using different CT imaging time intervals for ongoing
lung cancer screening using models [15]. Investigators
from Rice University have built models based on existing
screening trial results found to improve outcomes with
different intervals of serial repeat screening analysis. In
this effort and only using recent CT screening experi-
ence outcomes to build and validate the model (rather
than the older validation data derived from chest X-ray
screening data). Dr. Olga Gorlova’s preliminary results
suggest that annually- repeated LCS gives the most fa-
vorable mortality reduction benefit and coincides with
the recently published screening interval experience

Fig. 1 Recently honored Andrew C. von Eschenbach, M.D., with the
2019 James L. Mulshine, M.D., Leadership Award for his work leading
the National Lung Screening Trial (NLST), the first largescale clinical
trial for low-dose computed tomography (CT) lung cancer screening.
The award was presented on October 10, 2019, at the 16th annual
Quantitative Imaging Workshop: Lung Cancer, COPD, and
Cardiovascular Disease. Andrew C. von Eschenbach, M.D., receives
the James L. Mulshine, M.D., Leadership Award from the Prevent
Cancer Foundation. Left to right: Dr. Mulshine; Claudia Henschke,
Ph.D., M.D.; Carolyn R. Aldigé; and Dr. von Eschenbach
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from the NELSON trial [10, 16]. Further, the Gorlova
model demonstrates significant additional mortality re-
duction benefit resulting from continuing annual CT
screening beyond the two annual screening cycles which
were the basis for the NLST results. This prediction is
now supported by long term follow-up of a number of
major international screening efforts which have also re-
ported favorable mortality reductions, considerably in
excess of the NLST findings [10–13]. While such infor-
mation is slow to percolate into the shared decision-
making discussions around benefits/harms of participat-
ing in lung cancer screening, this lag may in part ac-
count be responsible for the tepid public acceptance of
LCS. Yet, the collective impact of the favorable out-
comes reported with the more recent screening reports
may constitute an inflection point in the acceptance of
lung cancer screening as a robust tool for improving
tobacco-related adverse consequences. If this is true and
annual repeat LDCT is performed on growing numbers
of heavily tobacco-exposed individuals, it has important
implications for the CT imaging service that will be the
basis of this screening management. For example, quality
measures to ensure the reliability of measured annual
changes in nodule volume will be required to ensure re-
sponsible clinical management of the screening subjects.

Evolving trends in integrating quantitative CT
imaging into LCS
This workshop series started in 2004 to facilitate the
introduction of quantitative CT imaging to improve
early lung cancer detection and treatment [17]. In the
years since the first workshop, there has been consider-
able progress in optimizing visualization of early lung
cancer with low dose CT. In 2007, the Radiological Soci-
ety of North America developed a broad consortium of
interested parties called the Quantitative Imaging Bio-
marker Alliance (QIBA) to optimize quality provisions
for all types of quantitative medical imaging. This effort
included a focus on early lung cancers imaging within
the context of LCS [18–20]. Over time, there have been
extensive interactions between QIBA and the PCF
Workshop leadership to address the shared goal of ad-
vancing quantitative CT imaging as a tool for early lung
cancer management.
Precise quantitative imaging for pulmonary nodules

with volumes between 5 and 12 mm in diameter re-
quired for successfully screening for early, curable lung
cancer is a demanding challenging task [18]. The advan-
tages of CT in this setting includes high spatial reso-
lution even using low medical radiation dose for image
acquisition. In regard to the cost of a thoracic CT for
lung cancer screening, current federal reimbursement
for performing and reading a CT for lung cancer screen-
ings is less than $250. In regard to feasibility, this study

can be acquired painlessly requiring much less than a
minute to acquire a comprehensive study. Finally, there
are currently already deployed a surplus of CT scanners
available across many communities in the United States
that are currently being utilize to enable implementation
of this new cancer screening service.
From the field work done in developing the conform-

ance process for optimal characterization of small non
calcified pulmonary nodules, resolution through the en-
tire field of view emerged as the main imaging param-
eter determining nodule measurement precision [18]. Of
note, ensuring optimal image resolution throughout the
full field of view is critical to allow for accurate
characterization of pulmonary nodules in the peripheral
regions of the lung as that is where lung cancers fre-
quently arise.
The technical and metrological issues embedded in re-

liably imaging small image volumes for detecting early
stage lung cancers in the range of nodule volumes from
5 to 12mm in diameter are formidable. In screening
management, when a 6 mm-in-diameter nodule grows to
7 mm in diameter, visually it may seem like a small
change. In reality, this represents a 50% increase in the
volume of the nodule. For LCS, the clinical objective is
frequently to detect a volume change in suspicious lung
nodules over a time-interval. This task routinely occurs
with annual LCS visits. Precise measurement of lung
nodules can be thwarted by the inherent complexities of
the thoracic anatomy related to the confluence of bony,
muscular, and vascular structures all moving within the
confines of the chest. In addition, each vendor employs
its own proprietary image processing approach making
cross imaging platform comparisons complex. Then,
there is an array of technical factors, such as variations
in subject positioning on the imaging table, that can
change each time a subject is imaged.
A recent example of this collaboration has been a QIBA

research project supported by the PCF to provide low-cost
imaging phantoms (CTLX-1) that were developed specif-
ically to evaluate the quantitative functioning CT scanners
to measure small thoracic nodules for LCS [21]. QIBA
had defined parameters for optimal measurement of sus-
picious lung nodules for early lung cancer detection at
LCS [18]. The volume range of these lesions of interest for
LCS ranges from 5mm in diameter to just over a centi-
meter. Consistent and precise measurements in a volume
range that small are beyond the bounds of usual clinical
care imaging. Therefore, to address the image acquisition
quality, LCS sites can upload a CT-acquired image of the
CTLX-1 phantom using their proposed LCS image-
acquisition protocol via a dedicated, QIBA-hosted,
cloud-based infrastructure. The transmitted phantom
image is rapidly analyzed per the QIBA conformance
process to characterize the actual performance of the
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site’s CT scanner based on the fidelity of its transmit-
ted image to the actual known physical characteristics
of the CTLX phantom [21]. This process has been
undertaken by 100 LCS sites from across the world,
testing hundreds of individual scanners. Comprehen-
sive analysis of these images reveals that most LCS
sites employ CT image acquisition parameters that do
not allow optimal nodule measurements due to com-
promise in image resolution or other critical charac-
teristics. However, the automated phantom analysis
can often identify simple alterations in the CT image
acquisition parameters that can be transmitted back
to the LCS site, so that revised acquired CT image
achieves the level of measurement performance to en-
able accurate volume measurement. Based on these
efforts, this image quality resource is now globally
available from QIBA as a hosted, web-based service
to enable improvement to low-dose CT image acqui-
sition across the world [18].
In moving to clinical application, defining reliable

levels of imaging measurement performance requires es-
tablishing processes to independently validate the actual
quality of quantitative imaging biomarkers. Then such
approaches must be disseminated to allow responsible
integration of these validation tools to support relevant
clinical decision making. The FDA has recently proposed
an approach to optimizing quantitative imaging meas-
urement quality for medical devices https://www.fda.
gov/media/123271/download, accessed July 15, 2020.
The FDA’s intention is to facilitate the development of
standards and validation tools to ensure the precise per-
formance of tools used in medical-related processes.
Their approach to process standards emphasizes achiev-
ing meaningful performance levels and allowing innova-
tors to define how such performance is achieved. Having
explainable elements may prove beneficial over time in
terms of allowing inter-operability of imaging plat-
forms, as there has been a productive experience with
consensus approaches such as with efforts to define
image measurement metrology and digital imaging
and communications in medicine (DICOM) data for-
mat [22, 23].

Extracting all available information from thoracic
imaging of tobacco-exposed individuals
A shared goal of many researchers is to evaluate high
resolution, 3-D thoracic CT lung images under a single
framework to assess the three leading causes of prema-
ture death: lung cancer, chronic obstructive pulmonary
disease (COPD) and coronary artery disease (CAD) due
to shared pathogenesis related to tobacco exposure [24].
These comorbid conditions are frequently evident in the
thoracic CT scan of individuals with heavy tobacco ex-
posure as the peak incidence of these three diseases are

in the same age range as is the current eligibility for lung
cancer screening.
It is now well reported that there are frequent findings

of COPD while performing lung cancer screening [25].
Many individuals being screened for lung cancer under
the current USPSTF guidelines will be found to have
COPD and initial efforts to ensure the quality of LDCT
imaging must be also evaluated to ensure those condi-
tions do not compromise efforts to characterize COPD
status. Separate efforts are ongoing within the QIBA to
define the most productive diagnostic approach for CT
imaging of chronic obstructive pulmonary disease, and
an independent profile document for this type of CT
imaging has already been developed (https://qibawiki.
rsna.org/index.php/Lung_Density_Biomarker_Ctte). The
work to develop this profile has helped to define the
critical elements of COPD imaging that must be pre-
served in the setting of LCS so that both diseases can be
optimally detected. Management of COPD in the con-
text of LCS was presented by Dr. Lee Gazourian. The
Lahey Hospital and Medical Center has spearheaded the
use of quantitative imaging to diagnose COPD in their
LCS population. They showed an association with the
risk of COPD hospitalizations and how this information
can be utilized to manage this at-risk population, reduce
cost and improve outcomes using a reported best-
practice clinical path program [26].
Recently, coronary calcium scoring has emerged as the

most informative predictor of cardiac risk [27]. It is now
well established that coronary calcium can be routinely
visualized when obtained through a thoracic CT scan for
LCS [28]. Morteza Naghavi, MD, reviewed the public
health implications of the detection of coronary calcium,
including by thoracic CT imaging. Dr. Naghavi is a car-
diologist who advocates for the broader use of coronary
calcium imaging as a preventive biomarker for managing
cardiac mortality risk. To advance this work, Dr.
Naghavi established the Society of Heart Attack Preven-
tion and Eradication as a forum to advance the use of
coronary calcium analysis including in the setting of
LCS [29].
Performing thoracic CT imaging for lung cancer and

COPD as well as coronary calcium has become a major
focus of this Workshop, to allow the full public health
benefit of thoracic CT imaging as a “smoking-related
diseases” screening tool [24]. Epidemiologists have re-
ported that although lung cancer cases will substan-
tially decline between now and 2065, over 4.4 million
people will still die of lung cancer and about 20 mil-
lion adults of ages 30–84 will continue to smoke in
2065 [30]. Given the vast numbers of individuals
sharing health risks related to tobacco exposure,
current budget pressures, considerations of efficiency
and economy are critical, especially in addressing
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equity concerns in assuring screening access along
with tobacco cessation services as needed by members
of medically underserved communities.
Currently, these image quality tools are also being im-

plemented in an ongoing effort of the United States De-
partment of Veterans Affairs (VA) in which they are
working to develop an integrated, open-source software
clinical management tool for routine clinical care at VA
facilities, given their large population of tobacco-exposed
individuals. Dr. Claudia Henschke of Icahn School of
Medicine at Mount Sinai and Rick Avila are co-principal
investigators of this effort along with Dr. Drew Mogha-
naki of the Atlanta VA. This software environment le-
verages the vast experience the International Early Lung
Cancer Action Project (I-ELCAP) accrued in efficiently
managing the screening experience of over 70,000
screening subjects over the last two decades [31]. As
demonstrated in a report of diagnostic work-up rates
among I-ELCAP participants, the frequency of full diag-
nostic work-ups could be greatly reduced by restricting
diagnostic work-up only to individuals with pulmonary
nodules with a diameters 6 mm and greater [32]. In this
way, the risks associated with misdiagnosis can be over-
come by using a defined quantitative measurement
method that result in more consistently accurate nodule
measurement [31, 32].
To realize this vision, further efforts are needed to en-

sure that best quality approach to thoracic imaging is
used to assess for these three major thoracic diseases,
performed in a fashion that ensures reliable quantitative
assessment for each of the three disease sites. Currently,
there is no consensus approach to this, to establish how
such an integrating imaging approach should be per-
formed as the assessment of these three diseases has
been quite different. However, this is a favorable time
to attempt such an ambitious approach as CT de-
tector technology, image analysis approaches and
radiomics have all undergone rapid improvement. In
addition, artificial intelligence (AI) approaches are just
being applied in the thoracic imaging space and thor-
acic screening is an opportunity where AI may bring
considerable benefit.

Artificial intelligence in LCS
A critical focus for the more quantitative-oriented par-
ticipants at the workshop explores the issue of aligning
quantitative thoracic CT imaging with artificial
intelligence (AI) research to identify strategies for accel-
erating progress in this exciting new field [33]. Discus-
sions explored the possibility of educating clinicians on
how they may use AI to enhance their productivity or to
improve clinical outcomes. The group also considered
what new competencies are required to prepare lung
screening professionals to allow faster and better uptake

of such new tools. There are also additional areas with
imaging process optimization could have benefit.
Over the course of the Quantitative Imaging Work-

shop series, there have been ongoing efforts to create
large, high quality, and open CT image databases to en-
able not only imaging tool development but also robust
validation. However, despite considerable effort, the
rapid pace of improvement with imaging technology has
limited the utility of existing thoracic CT databases for
cutting edge research efforts [34–36]. Virtually all exist-
ing public lung cancer imaging databases were devel-
oped before the maturation of CT lung cancer screening
that utilizes the current, higher resolution imaging tech-
nology. Now that the reality of AI is emerging in many
fields, this gap has become more critical. To support
rapid and responsible image database development,
some workshop participants recommended establishing
a standardized approach for a patient to declare that
their data may be used for scientific research including
AI development. Such a global opt-in approach could
help remove many of the barriers that exist in making
large open CT lung imaging databases a reality.
Establishing a large and well curated image archive of

recent CT scans could also help improve the evidence
foundation for CT image quality efforts such as the QIBA
CT small lung nodule profile [18]. Specifically, the archive
could facilitate better approaches to measuring part-solid
lung nodules. These putative lung cancer precursor le-
sions currently have higher measurement variability due
to lower contrast between the lung parenchyma and the
solid component of a part-solid nodule and so this consti-
tutes a more complex measurement challenge.
In addition, a large image archive could facilitate devel-

oping more precise methods of ensuring inter-operability
of serial module measurements. At the present time, there
is considerable variance with volumetric measurement of
thoracic CT images obtained on two different types of CT
scanners using comparable imaging protocols in the
course of routine, annual LDLC screening. Success with
precisely measuring lung nodules across different combi-
nations of CT imaging platforms could simplify existing
logistical burden in arranging annual follow-up scans for
screening subjects being scanned on different types of CT
scanners.
Considerations with imaging informatics tool devel-

opment were brought into sharp focus with the pres-
entation of Philip Hoelzer from Siemens Healthineers.
In discussing the capabilities of the new Siemens lung
cancer screening software tool, which included the
first application of artificial intelligence, Dr. Hoelzer
emphasized the importance of working with clinical
radiologists in real-world settings to ensure seamless
integration of new imaging informatics tools within
routine clinical workflows to support broad adoption
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of these new tools without disrupting the efficient de-
livery of clinical care.

Moving forward
Realizing the full potential of thoracic CT screening,
while promising, still involves addressing challenging
issue. The implementation of lung cancer screening
alone has faced headwinds despite considerable new and
strongly validating evidence of robust benefit and mod-
est harms [37]. Could implementation of lung cancer
screening implementation be hindered due to concerns
with the complex management of two other leading
causes of death (CAD and COPD) in this heavily
tobacco-exposed cohort? Fortunately, this appears un-
likely as integrating care for the three leading causes of
tobacco-related chronic disease is already happening at
leading screening centers [38]. A more inclusive ap-
proach with thoracic CT imaging in tobacco-exposed
cohorts will be disseminated through existing support
for lung cancer screening, which is already federally re-
imbursed. In this fashion, routinely acquiring additional
information about the two other leading causes of pre-
mature death (COPD and heart disease) can be done at
an incremental cost within the screening effort. Leading
screening programs already have considerable experi-
ence in performing this multi-disease screening, with
clinicians already integrating this complex imaging infor-
mation into productive discussions with individuals
undergoing such screening [38].
To responsibly sustain such an evolution, it becomes

even more important to follow screened populations for
clinical outcomes. Collections of thoracic CT images ob-
tained can also enable screening quality control evalua-
tions that can be used to accelerate image tool
development for the spectrum of tobacco-related thoracic
diseases. Develop robust quantitative imaging software
tools for efficient and economical clinical management for
pre-symptomatic, high risk populations is an unrecognized
unmet need. Pragmatically, the greatest barrier to produ-
cing such imaging tools with existing approaches, is the
cost that companies would have to pay to collect sufficient
relevant imaging information. A major discussion at the
workshop was the possibility of engaging the public to
support the re-use of acquired thoracic CT images from
routine screening care to fast- track the development and
validation of integrated screening imaging tools for lung
cancer, coronary arteries and lung parenchyma.
From the in-depth discussions around this issue, it will

be critical to work with advocates and professional soci-
eties to communicate to the public the importance of
the thoracic screening opportunity and the catalytic
value of image and data donations in realizing this pub-
lic health opportunity. There was strong consensus that
to accomplish these important goals, a major

communications campaign is essential to raise public
awareness around the overall benefits of screening as a
health check and not simply screening for lung cancer.
In addition, currently the challenge with LCS uptake is

not only with numbers but also with the issue of equity.
As the use of this service rises, will all elements of soci-
ety benefit from these powerful new imaging tools
equally [39]? Remarkable progress has also been re-
ported with improving colon cancer uptake rates espe-
cially in extending benefit of this approved cancer
screening service to medically underserved populations.
A best practice in this regard is the implementation of
cancer screening in the state of Delaware [40, 41]. Dr. Al
Rizzo outlined how in Delaware after a protracted inter
professional effort, they adopted a state-wide program of
nurse navigators for other, non-lung, cancer screening
outreach including in medically underserved communi-
ties [40, 41]. Their system empowered functional com-
mittees with state-wide representation from all health
systems to implement a bottom-up approach to map out
effective screening delivery coupled with comprehensive
metrics to guide the evolution of the screening effort.
This effort resulted in a high screening participation
across the defined target population, including medically
underserved communities. These approaches are now
being applied to LCS services in that state.
Learning from previous screening efforts, there is a

fundamental need to effectively communicate the value
of the screening service, but also to establish a scalable
delivery model across diverse screening communities for
the efficient delivery of this public health service [42].
Therefore, in addition to refining imaging tools to
optimally characterize all three thoracic tobacco-related
diseases, there is a critical need to invest in clinical
decision-support and dissemination tools to ensure effi-
cient clinical delivery of the integrated screening process
in real-world settings.
Readily available, workflow-friendly screening manage-

ment tools are not yet at hand to ensure busy clinicians
are efficiently recording critical information which
would be the basis for tailored communications tools.
These tools will be essential to allow already bandwidth-
restricted clinicians to effectively and reliably communi-
cate with screening subjects and sustain this thoracic
screening process. This is a significant and largely ambu-
latory care coordination challenge. Tasks include assist-
ing clinicians both in the in-take referral of patients to
the screening program as well as with communication
around scheduling, providing results and then determin-
ing action plans. Reflecting the current screening litera-
ture, there were extensive discussions about the role of
such navigator/facilitators with this new model of care
which is emerging to implement high quality lung can-
cer screening. A practical implication is that the imaging
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management process has to be integrated into the com-
prehensive screening subject management software to
ensure that optimal outcomes occur.
Such integration of quantitative imaging results that is

now emerging as a key part of the LCS management
process will also be equally relevant to support the inte-
grated care for the other two major thoracic CT-
detected diseases (COPD and CAD). To accomplish this
integrative care will entail coordination of technical im-
aging factors such as defining a single image acquisition
protocol to optimally evaluate across three distinct dis-
ease entities. Further, it is possible that we will learn that
the best image acquisition approach may differ relative
to the needs of specific populations as potentially related
to shared xenobiotic exposures and genetic background.
Attention to such issues going forward will be critical,
but the consensus was that to begin this approach, a de-
fined high-quality overall protocol should be imple-
mented. Then, through time, analysis of outcomes may
improve performance by refining the image acquisition
parameters. Currently, the QIBA Small Lung Nodule
profile proposes a best practice, standardized image ac-
quisition protocol for lung cancer screening which will
be incorporated as the default image acquisition ap-
proach. More research is required to best define default
standard data reporting elements for quantitative im-
aging endpoints as well as standardized management
protocols for specific clinical findings.
A potential benefit of improving LDCT screening in

pre-symptomatic cohorts of tobacco-exposed individuals
is that many more people will be identified in the near
term with early, asymptomatic lung cancer, COPD and
CAD with existing state-of-the-art imaging and compu-
tational tools [43]. A sustained focus of the workshop
has been to encourage the pharmaceutical industry to
develop new therapeutics for these early, screen-detected
illnesses. Likewise, the LCS setting is also equally com-
mitted to encouraging the use of preventive measures
including improvements in diet, exercise and smoking
cessation as relevant. Maintaining continuous innovation
in this sector to allow progress in the development of ef-
fective preventive agents as well as development of pub-
lic health measures to ensure equitable access to these
services merits ongoing financial investment.
Nationally, it is a time of large-scale transition to a

population health. Therefore, to support LCS imple-
mentation, it is also critical to address the issue of
ensuring reimbursement for these new and evolving
screening management services. However, to sustain re-
imbursement there also has to be an objective measure
of health benefit. Therefore, discussions included con-
sideration of what will be the cohesive national quality
process to ensure the value of integrating quantitative
imaging processes into LCS.

The benefits of holistic integration and the metrology of
image quality improvement may represent two ends of a
spectrum of healthcare management. In the middle of that
spectrum are the payer population health metrics, which
shift billions of dollars of healthcare funds and have been
instrumental in improving cancer screening rates, diabetes
care, and immunization rates, among other outcomes.
However, there are no payer metrics for LCS. Today,
payers have no incentives to encourage LCS.
For example, Medicare uses Star metrics based on

HEDIS (Healthcare Effectiveness Data and Information
Set) measures to adjust payments to Medicare Advan-
tage plans, which now enroll close to 40% of Medicare
beneficiaries (25 million lives), as well as payments to
Part D plans (close to 50 million lives) and Accountable
Care Organizations (12 million lives). Similar metrics are
used to shift funds among Affordable Care Act Market-
place plans, and to reward / penalize Medicaid Managed
Care Organizations. Commercial insurers are also mea-
sured on similar metrics. Consequently, the creation and
adoption of one or more HEDIS metric would be an in-
credibly powerful advance for LCS. Basically, payers
would receive financial incentives/penalties to promote
LCS for their members. For existing HEDIS measures,
payers implement programs to meet their targets, and
they have an interest in implementing programs that will
produce the desired scores.
The HEDIS measures for cancer screening would seem

to be a useful starting point. These measures are ra-
tios—the number of eligible members who were
screened in a defined period divided by the total number
of members who were eligible for screening. However,
there is a significant challenge for a LCS HEDIS meas-
ure, which is that there are no reliable ways to establish
a payer’s denominator—the number of members eligible
for screening. This is because the data on an individual’s
smoking history is not reliably collected for a payer’s
membership, and when it is collected, it is not readily
available. Furthermore, personal attestations of smoking
history have proved to vary from one interview to
another.
Ideally, HEDIS measures can be produced entirely

with administrative data--medical claims. This is because
there is no other way to quickly, repeatedly, and inex-
pensively generate current information for tens of mil-
lions of lives. HEDIS scores are produced annually.
Consequently, in Workshop discussions over the last 2

years, we have proposed a HEDIS metric based on a
yield rate—the portion of incident lung cancer cases in a
year that were found through screening. That is, the nu-
merator is the number of new, screen-detected lung can-
cers, and the denominator is the number of incident
lung cancers. There are a number of details to work out,
and the different possible algorithms that can produce
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this ratio would need to be tested for reasonability, reli-
ability and stability.
The National Committee on Quality Assurance admin-

isters HEDIS and has a standard process for creating and
evaluating new measures. The development of a HEDIS
measure for LCS should be a priority for LCS advocates.
In closing, a range of opportunities to improve the im-

aging processes with LCS are outlined in Table 1. Inno-
vations with both CT scanning capabilities and image
processing have been occurring rapidly for a number of
years. To understand the quality of imaging in “real
world” LCS settings, it is critical to prospectively acquire
images obtained in the screening process, so that the
performance of image measurements can be determined
objectively. With new thoracic CT image collections as
well as with established image collections, there is a need
to support curation of the image collections to ensure
that they are a reliable source of “ground truth”. To es-
tablish truth may involve expert radiology review or sys-
tematic review with define software tools. In this
fashion, validation with imaging biomarkers can proceed

in a much more rigorous and standardized fashion. To
ensure ongoing collections of thoracic images, the public
has to be informed on how these resources are required
for the development of more capable image measure-
ment tools that may provide the foundation for further
innovation with complex detection and management
tools such as with AI. Administrative mechanisms are
required to ensure the integrity of the data security mea-
sures as well as to make the donation of medical images
for research more commonplace. This may entail in-
novative software development to reduce the workflow
burden of obtaining such image donations even in very
busy, ambulatory imaging centers with limited capacity
to support research efforts.
Finally, these new and precise imaging tools applied in

clinical settings such as with small pulmonary nodule
measurement for LCS may be foundational tools in
population health settings with other thoracic, tobacco-
related diseases, where their application can have major
strategic importance in enabling significantly impact
such as in reducing mortality burden.

Conclusion
LCS is an effective cancer screening process that benefits
from rapid advances in the quantitative assessment of
early lung cancer as well as computer-driven analysis
capabilities. As such LCS is a prime target for realizing
the promise of AI. However, to ensure responsible evo-
lution, as discussed, there are complex layers of develop-
ment that can benefit from coordination. As tobacco-
related thoracic diseases are such prominent public
health issues, important policy issues are also relevant,
including health equity and reimbursement. This meet-
ing report summarizes the cross-cutting conversations of
a diverse array of professionals as they consider how to
continue to make progress in the application of ad-
vanced imaging to intercept the progression of an im-
portant set of major chronic intrathoracic diseases.
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