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We read with great interest the invited commentary by 
Drs. Wilson and Pu on our computed tomography (CT)-
based quantitative imaging tool for the non-invasive risk 
stratification of lung adenocarcinomas: Computer-Aided 
Nodule Assessment and Risk Yield (CANARY) (1). While we 
are pleased to see the discussion on the scope and relevance 
of our research, we would like to use this opportunity to 
respond to the points made by our colleagues and attempt to 
clarify any misunderstanding about CANARY.

The central theme developed by Wilson and Pu in their 
commentary is the urgent need for tools aimed at non-
invasively distinguishing benign from malignant incidentally 
or screen-identified lung nodules. They correctly state that 
approximately 40% of individuals enrolled in the National 
Lung Screening Trial (NLST) were found to have lung 
nodules, 96% of which were ultimately proven benign (2). 
Current management strategies for indeterminate lung 
nodules expose patients to unnecessary morbidity and 
mortality. This issue has already been partially addressed 
by revisiting nodule size criteria and implementing the 
American College of Radiology Lung Imaging Reporting 
and Data System (Lung-RADS™), but further improvements 
are needed (3). We agree that this is an important scientific 
question that will continue to be an active area of research for 
investigators worldwide, including our research group.

However, it does not follow that the non-invasive risk 
stratification of lung adenocarcinomas should consequently 
be regarded as an insignificant or secondary area of 
research. It is well recognized that the identification of 
indolent (clinically-insignificant) lung cancers, mostly 

adenocarcinomas, represents a significant limitation of lung 
cancer screening. More than 18% of lung cancers in general, 
and more than 22% of non-small cell lung cancers diagnosed 
in the NLST were indolent, overdiagnosed lung cancers. 
This rate rose to approximately 80% in case of lesions 
formerly classified as bronchioalveolar lung cancers (4). It is 
also widely accepted that the lung adenocarcinoma spectrum 
is defined by a vast and heterogeneous landscape of biological 
behavior, which can be inferred from a comprehensive and 
quantitative histological analysis (5). Trying to predict the 
future behavior of 1 of 5 high-resolution CT-identified lung 
cancers is hardly an insignificant problem with “narrow 
applicability” (1). A tool allowing the non-invasive risk-
stratification of these lesions, such as CANARY, could 
ultimately prove invaluable in guiding individualized 
management strategies for patients diagnosed with lung 
adenocarcinoma (6).

The assertion that progression-free survival used as 
a surrogate for biological behavior is speculative is only 
partially correct. It should be obvious that progression-
free survival is in fact ontologically related to the biological 
behavior of the resected tumor. What Wilson and Pu are 
rightly questioning is the legitimacy of using post-treatment 
survival information to guide individualized management 
of prospective cases. We never stated otherwise and have 
consistently pointed out this limitation in our published 
work (6-9). We would simply answer that prospective 
studies, which we are currently pursuing, are needed. In 
the absence of such studies, progression-free survival is 
the best surrogate available. Our current work focused on 
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the prospective validation of CANARY is also addressing the 
dynamic biological behavior of lung adenocarcinomas via serial 
assessments, a question difficult to address retrospectively. In 
short, the 21st century story of lung cancer is no longer written 
in black and white, but painted in shades of gray.

Wilson and Pu briefly mention what they perceive as 
technical limitations of our algorithm. They take issue with 
(I) the absence of histologic “gold-standard” correlate for 
our lung signatures; (II) our segmentation process; (III) 
the seed-voxel based nodule characterization and (IV) 
the 2-dimensionality of our regions of interest. These 
are interesting questions, but clearly beyond the scope of 
this general commentary. An investigator skilled in the 
science of image analytics would agree that the authors are 
perhaps seeing more “devils than the vast hell can hold”. 
We strongly encourage all to read our articles to understand 
if not appreciate the nuances and robustness of the 
algorithmic components of CANARY. From a pragmatic 
standpoint, however, this may be a moot point as the 
performance of CANARY does not appear to be affected by 
these technical considerations (6,8-22).

The future of lung cancer imaging will demand a 
multifaceted and collaborative approach to address all the 
unanswered questions raised by the NLST, and we look 
forward to being a part of this ongoing multidisciplinary 
effort. The bell may not yet toll for indeterminate lung 
nodules, but to quote John Donne from whom Hemingway 
borrowed his title, “No man is an island, entire of itself; every 
man is a piece of the continent, a part of the main”. 
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