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ABSTRACT

Objectives: To implement a cost-effective low-dose
computed tomography (LDCT) lung cancer screening
program at the population level, accurate and efficient
interpretation of a large volume of LDCT scans is needed.
The objective of this study was to evaluate a workflow
strategy to identify abnormal LDCT scans in which a tech-
nician assisted by computer vision (CV) software acts as a
first reader with the aim to improve speed, consistency, and
quality of scan interpretation.

Methods: Without knowledge of the diagnosis, a technician
reviewed 828 randomly batched scans (136 with lung can-
cers, 556 with benign nodules, and 136 without nodules)
from the baseline Pan-Canadian Early Detection of Lung
Cancer Study that had been annotated by the CV software
CIRRUS Lung Screening (Diagnostic Image Analysis Group,
Nijmegen, The Netherlands). The scans were classified as
either normal (no nodules �1 mm or benign nodules) or
abnormal (nodules or other abnormality). The results were
compared with the diagnostic interpretation by Pan-
Canadian Early Detection of Lung Cancer Study radiologists.
Results: The overall sensitivity and specificity of the tech-
nician in identifying an abnormal scan were 97.8% (95%
confidence interval: 96.4–98.8) and 98.0% (95% confidence
interval: 89.5–99.7), respectively. Of the 112 prevalent
nodules that were found to be malignant in follow-up,
92.9% were correctly identified by the technician plus CV
compared with 84.8% by the study radiologists. The
average time taken by the technician to review a scan after
CV processing was 208 ± 120 seconds.

Conclusions: Prescreening CV software and a technician as
first reader is a promising strategy for improving the
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CV So�ware Processing (n=828)
136 with proven cancer
556 with benign nodules
136 with no nodules

Technician reviews scans that have been analyzed and marked by CV So�ware
1. Review CV markings, accept or reject
2. Add any addi�onal nodules
3. Scan classified as Abnormal or Normal

Abnormal Scan
Nodules
Other concerning feature 
(e.g. lymphadenopathy, ILD)

Normal Scan:
No nodules
No concerning features

Categorisa�on of LDCT Scans compared to PanCan Radiologist Determina�on.
Discordant scan categoriza�on reviewed in a joint reading with experienced 
chest radiologist (J.RM.).

•
•
•

•
•

•
•

Figure 1. Study design. CV, computer vision; ILD, interstitial
lung disease; LDCT, low-dose computed tomography; PanCan,
Pan-Canadian Early Detection of Lung Cancer Study.
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consistency and quality of screening interpretation of LDCT
scans.

� 2016 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
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Introduction
On the basis of the U.S. Preventive Services Task Force

recommendations1,2 and the decision by the Centers of
Medicare and Medicaid Services to cover low-dose
computed tomography (LDCT) screening of Americans
aged 55 to 77 years who have smoked for at least 30
pack-years,3 lung cancer screening is being implemented
in the U.S. health care system and in many other coun-
tries. In addition to annual screening CT scans, both the
National Lung Screening Trial (NLST) and the Dutch-
Belgian Lung Cancer Screening Trials found that addi-
tional scans were required to evaluate suspicious or
indeterminate abnormalities in approximately 20% of
individuals after the baseline round of screening and in
4% to 8% of individuals after annual repeat screening
LDCT.4–8 An estimated 8.6 million Americans are poten-
tially eligible for LDCT screening.9 To enable imple-
mentation of the LDCT portion of a cost-effective lung
cancer screening program, a number of practical barriers
must be addressed, including the following: (1) accurate
interpretation of the large volume of LDCT scans, (2)
provision of a quality assurance program for scan inter-
pretation, and (3) consistent application of standardized
evidence-based follow-up management of screen-
detected lung nodules.

Computer-aided nodule detection or computer vision
(CV) has the potential to improve both the efficiency and
accuracy of LDCT scan interpretation. Automated inter-
pretation and characterization of nodules discovered by
LDCT using CV followed by review by a trained technician
can potentially select a subset of scans that require
radiologist review. CV has the advantage of being able
to process large volumes of scans around the clock.
Because more than 96% of screening CT scans do not
harbor a lung cancer, we hypothesize that a trained
technician assisted by CV software could triage and opti-
mize selection of screening CT scans for subsequent re-
view by radiologists. This strategy is similar to that use in
manual interpretation of Papanicolaou tests in cervical
cancer screening programs, according to which only
abnormal Papanicolaou smears are interpreted by cyto-
pathologists. Normal smears are read and signed off
by trained technologists. The objective of our study was to
explore an alternative strategy for reading screening LDCT
scans by determining whether a nonradiologist technician
assisted by CV software can accurately and efficiently
identify and triage abnormal LDCT scans for subsequent
review by a radiologist to reduce the workload and sub-
sequently improve the speed, consistency, and quality of
scan interpretation. A secondary objective of our study
was to determine the proportion of scans that would be
triaged as abnormal using different cutoff criteria
(NLST,4,5 Lung CT Screening Reporting and Data System
[Lung-RADS],10 and Pan-Canadian Early Detection of Lung
Cancer Study [PanCan] risk score11,12) and the sensitivity
of each method in identifying scans with lung cancer.

Materials and Methods
LDCT Scan Selection

From 2537 candidates in the previously reported
PanCan Study,11 828 baseline LDCT scans were selected
to sample three distinct groups: pathologically proven
malignant lung nodules, follow-up–proven benign lung
nodules, and no nodule detected prospectively. In the
entire PanCan study there were a total of 141 patho-
logically proven (by biopsy or resection) malignant lung
nodules, 136 of which were included. Images of four
participants were not available, and one CT scan could
not be processed by the CV software because of problem
with the Digital Imaging and Communications in Medi-
cine data (Fig. 1). The remaining 692 cases were
randomly selected from two other groups: 556 CT scans
from 1821 participants with follow-up–proven benign
nodules with a range of nodule sizes and 136 CT scans
from 575 participants without lung nodules 1 mm or
larger as prospectively determined by the PanCan study
radiologists. The absence of malignancy in the benign
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nodule and no nodule groups was confirmed by biopsy
or through a minimum follow-up of at least 2 years
(mean 4.9 ± 1.2 years).

LDCT Scan Technique
LDCT scans were obtained at the nine sites by using

multidetector row CT scanners with at least four detec-
tor rows, greater than 1.25-mm detector collimation, 120
kVp, 40 to 50 mAs, and less than a 1-second tube rota-
tion time. Contiguous high– and intermediate–spatial
frequency algorithm images were reconstructed in the
transaxial plane using a thickness of 1.25 mm or less.
Coronal and sagittal reformats and maximum intensity
sliding slab images were generated at the discretion of
the reviewing radiologist. In the prospective reading, a
designated trained subspecialty chest radiologist at each
site reviewed the CT scans.10

CIRRUS CV Lung Screening Software
A research workstation specifically designed to read

screening LDCT scans (CIRRUSLung Screening, Diagnostic
Image Analysis Group, Department of Radiology and
Nuclear Medicine, Radboud University Medical Center,
Nijmegen, the Netherlands) was used. CIRRUS Lung
Screening integrates three computer-aided detection
(CAD) software packages that identify solid and subsolid
lung nodules. The performance of the CV software has
been previously published.13–15 The program also gener-
ated a structured report highlighting nodule features and
incorporating the calculated nodulemalignancy risk score
according to McWilliams et al. (Supplementary Fig. 1).11

Technician Training
The first part of this study involved a training process

for a nonradiology technician (C.S.) with no prior expe-
rience in reading chest CT scans. Initially, the technician
was trained to operate the lung screening workstation.
Next, the technician was trained to identify potential
lung abnormalities in low-dose screening thoracic CT
scans using a training set of 40 cases that were separate
from the study set. The training set contained repre-
sentative archetypal abnormalities of calcified granu-
lomas and solid, part-solid (semisolid), and nonsolid
nodules. The training set was processed automatically by
the software. These processed scans with annotation
marks were first reviewed by the technician indepen-
dently and then reread under the supervision of one of
the study pulmonologists (A.R.) during interactive
feedback sessions. All nodules annotated by the techni-
cian were reviewed and any nodules missed or over-
called were addressed. All marked nodules were defined
by type (solid, semisolid, nonsolid, perifissural, or calci-
fied), segmental lobar location, and morphology (well
defined, lobulated, or spiculated). The presence or
absence of emphysema (�5%) was recorded in a binary
fashion without reference to severity. The technician was
not trained to recognize mediastinal or hilar adenopathy
or incidental findings in the breasts or upper abdomen.
Screening LDCT Scan Analysis
The study workflow is illustrated in Figure 1.
The anonymized scans were randomly allocated into

nine batches for processing by the CV software. The scans
were batched for the purposes of workflow management
and to determine any learning effects. Group allocation
and final diagnoses were concealed from the technician.
The technician reviewed the processed cases and the
annotated markings of abnormalities by the CV software.
CAD marks on true nodules were accepted and false-
positive CAD marks were deleted. The technician then
reviewed the scans and manually marked any additional
nodules that were not identified by the CV software. The
software performed an automatic segmentation for both
solid and subsolid nodules that could be optimized
manually. After reviewing the scan, the technician cate-
gorized the study as abnormal (requiring radiologist re-
view) or normal (potentially not requiring radiologist
review). An abnormal study was defined as one contain-
ing 1-mm or larger nodules or other abnormalities (such
as fibrosis). Normal studies did not have any nodules or
other abnormalities identified by the software or by the
technician, or they contained only completely calcified
nodules. Scans with lung nodules also have automated
display of the lung nodule malignancy risk score using the
method previously reported (Supplementary Fig. 1).11

Discordant findings between the readings by the techni-
cian and the PanCan radiologist were later reviewed with
an experienced chest radiologist (J.R.M.) with 14 years’
experience in lung cancer screening to resolve differences
after all the scans had been read and the results recorded.
Outcomes
The primary outcome of this study was to determine

the sensitivity and specificity of a technician assisted by
CV software in categorizing screening scans with and
without lung cancer as normal or abnormal compared
with the sensitivity and specificity of the PanCan Study
radiologists. Secondary outcomes were to determine the
proportion of scans that would be classified as abnormal
when using different guidelines and the sensitivity of
each method for identifying scans with lung cancer. Scans
with (1) one of more nodules at least 1 mm in diameter,
(2) one of more nodules at least 4 mm in diameter (the
NLST criteria4,5), (3) solid or semisolid nodules at least
6 mm in diameter or nonsolid (ground-glass) nodules at
least 20 mm in diameter (the Lung-RADS criteria10), or
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(4) lung nodules with a malignancy risk score of 2% or
higher (the PanCan model11,12) were compared. The time
taken by the technician to review each scan that was
recorded automatically by the CIRRUS Lung Screening
software was also examined to determine the potential
workload implications of using a technician augmented
by CV software as the first reader.

Data Analysis
Descriptive statistics were prepared using contin-

gency table analysis for categorical data and Fisher’s
exact test. The 95% confidence intervals (CIs) for pro-
portions were estimated using the binomial exact
method. The sensitivity and specificity of the technician
augmented by CV software in triaging abnormal scans
for reading by a radiologist were calculated. Stata sta-
tistical software (version 14.1 MP, StataCorp LP, College
Station, Texas) was used to calculate statistics.

Results
The clinical characteristics of the 828 participants

whose CT scans were used in this study are shown in
Table 1. Of the 136 lung cancer cases, 112 were preva-
lent cancers with an identifiable nodule on the baseline
scan. Twenty-four were incident cancers, in which the
cancer developed in an area that did not contain a lung
nodule on the baseline LDCT scan. Fifty-seven of the 136
cancers were diagnosed within 12 months whereas the
remaining 79 cancers were diagnosed on repeat imaging
studies at least 12 months after the baseline study. Two
of the prevalent cancers were endobronchial tumors
found by autofluorescence bronchoscopy as part of a
parallel autofluorescence bronchoscopy study. One of
the endobronchial tumors—a 5-mm carcinoid tumor—
was retrospectively identified on the LDCT scan. The
other was a squamous cell carcinoma in situ in the left
upper lobe bronchus that was not visible on the LDCT
scan. The average time to diagnosis from baseline screen
was 16.8 ± 16.2 months (range 0.4–61.9 months) for the
prevalent cancers and 35.7 ± 14.7months (range 10.3–
54.7 months) for the incident cancers.

Technician Performance
Of the 136 scans that were classified as normal

(containing no lung nodules) by the PanCan radiologists,
85 were found to have noncalcified nodules by the
technician and CV software (Supplementary Table 1).
The average size of these nodules was 4.7 ± 4.8 mm.
Twenty-seven of these nodules (31%) were at least
4 mm. Of the 556 scans that were classified by PanCan
radiologists as containing lung nodules and turned out
to be benign, 15 (2.7%) were misclassified as normal by
the technician. With regard to the 136 scans from
participants with lung cancer, the technician triaged all
136 scans as abnormal, including the 24 cases of incident
lung cancer, because of the presence of other nodules on
the scan. The overall sensitivity and specificity of the
technician plus CV in identifying an abnormal scan using
the 1 mm or larger nodule size cutoff were 97.8% (95%
CI: 96.4–98.8) and 98.0% (95% CI: 89.5–99.7), respec-
tively. In addition to determining the performance of the
technician plus CV software in identifying abnormal
scans, we also examined the proportion of malignant
lung nodules identified by the technician plus CV soft-
ware versus by the radiologists. With regard to the 112
prevalent lung cancer cases, the technician identified
104 of 112 malignant nodules (92.9%) compared with
95 of 112 (84.8%) identified by the PanCan radiologists.
The characteristics of the lung nodules not annotated by
the technician plus CV software and/or by the PanCan
radiologists are shown in Table 2. Examples of cancer
nodules missed are shown in Figure 2.
Implication of Different Triage Criteria
The proportions of CT scans that would be triaged as

abnormal and the sensitivities in identifying CT scans
from participants in whom lung cancer was diagnosed
within 12 months of the first CT scan if the technician
were instructed to use the NLST4,5 or Lung-RADS10 cri-
terion for a positive screen or the PanCan nodule
malignancy risk threshold of 2% or higher11,12 are shown
in Table 3. Compared with if the cutoff criterion of 1 mm
or larger were used, the proportion of all CT scans that
would be classified as abnormal by the technician
decreased from 92.1% to 75.4%with the NLST criteria, to
64.4% with the Lung-RADS criteria, and to 59.7% with
the PanCan malignancy risk threshold of 2% or higher.
The corresponding sensitivities of identifying scans from
subjects in whom lung cancer was diagnosed within 12
months were 98.2%, 98.2%, 94.6%, and 98.2%, respec-
tively. The characteristics of cancers missed by each cri-
terion are identified by footnotes in the third column
of Table 3. The two ground-glass opacities that would
not be classified as abnormal on the basis of current Lung-
RADS criteria but were found to be invasive adenocarci-
noma are shown in Figure 3. One of these two adeno-
carcinomas contained a micropapillary component—
an adenocarcinoma subtype with poor prognostic
outcome—accounting for approximately 10% of it.17
Technician Reading Efficiency
Screeningby the technicianwasquite timeefficient. The

average time required for the technician to review a LDCT
scan for nodules and generate a structured report was
208 seconds (range 47–1018). Supplementary Figure 2
demonstrates the rapid learning curve of the technician.



Table 1. Characteristics of the Participants in the Study

Characteristic

Baseline LDCT Scan Group Allocation Determined by the PanCan Radiologists

Cancera Benign Lung Nodule
No Nodule or
Calcified Nodule

No. Subjects 136 556 136
Average age, y 64 ± 6 63 ± 6 62 ± 6
Female sex, (%) 71 (52%) 238 (43%) 55 (40%)
Emphysema present, (%) 101 (74%) 348 (61%) 83 (61%)
Active smoker, (%) 86 (63%) 344 (62%) 86 (63%)
Average pack-years ± SD 55.6 ± 23.4 54.5 ± 23.1 55.0 ± 24.5
Nodule count per scan
Median 4.8 4.8 Not applicable
Range 1–17 1–23

Maximum nodule size, mm (mean ± SD)b 14.1 ± 9 9.6 ± 6
Nodule typec Total % malignant (n)d

Nonsolid (GGN) 158 18% (29) 425
Part solid (SSN) 59 42% (25) 134
Solid 406 16.5% (66) 2165

Follow-up, y
Mean ± SD 4.8 ± 1.3 4.99 ± 1.0 5.05 ± 0.7

Histopathologic findingse Not applicable Not applicable
AIS 4
Invasive adenocarcinoma 99
Squamous cell carcinoma 19
NSCLC NOS 4
Small cell 7
Other 3

Cancer stage at diagnosisf

AIS 2
IAf 73 Not applicable Not applicable
IB 15
IIA 5
IIB 4
IIIA 14
IIIB 7
IV 11
Small cell 6

aIncludes 24 participants with incident cancer. They had a CT scan for follow-up of other nodules that did not turn out to be malignant.
bLargest nodule if more than one nodule in the same CT scan.
cAll nodules in each CT scan were included.
dOf the 111 prevalent lung cancer cases, two were CToccult (one endobronchial tumor and one carcinoma in situ found by autofluorescence bronchoscopy). In
the remaining 109 lung cancer cases, there were a total of 120 lung cancers.
eWorld Health Organization classification.
fInternational Association for the Study of Lung Cancer Staging Guidelines, 7th edition.16

LDCT, low-dose computed tomography; PanCan, Pan-Canadian Early Detection of Lung Cancer Study; SD, standad deviation; GGN, ground-glass nodule; SSN,
semi-solid nodule; NSCLC, non–small cell lung cancer; NOS, not otherwise specified; AIS, adenocarcinoma in situ.
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Discussion
Using a strategy that is similar to that used in cervical

cancer screening programs (in which normal Papanico-
laou tests are read and signed off by trained technolo-
gists and only abnormal tests are interpreted by
cytopathologists), our study demonstrates that a
technician screener assisted by CV software can effi-
ciently and accurately review and triage abnormal
LDCT scans for radiologist review with a sensitivity of
97.8% (95% CI: 96.4–98.8) and a specificity of 98.0%
(95% CI: 89.5–99.7). Because of the presence of other
abnormalities, 100% of the scans containing malignant
lung nodules were correctly triaged as abnormal and
requiring review by a radiologist. When the PanCan
nodule malignancy risk cutoff of 2% or more was used,
40% of the screening CT scans were categorized as low-
risk scans that could have a different level of clinical ac-
tion by radiologists, either a quick review or no review
with quality assurance check. The average time required
for a technician to prescreen a scan was only 208 seconds
(range 47–1018), making it possible for abnormal CT
scans to be rapidly triaged to a radiologist for reading.



Table 2. Malignant Nodules in Baseline Scan Not Annotated by Technician Plus CV Software and/or PanCan Study
Radiologists

Scan No. Nodule Type
Maximum Transverse
Diameter, mm

Time to
Diagnosis, mo Pathologic Diagnosis Stage

Nodules not annotated by both technician þ CV software and radiologists
1 GGO 9 51.1 Nonmucinous AIS IA
2 Solid 7 25.3 Adenocarcinoma IIIA
3 Solid 2 13.5 Squamous IA
4 Solida 5 17 Squamous IIIA
5 Endobronchial Lesion found

on bronchoscopyb
5 4 Carcinoid IA

Nodules not annotated by technician þ CV alone
6 Solid 18 1.2 Adenocarcinoma IA
7 Solid 25 0.4 Adenocarcinoma IIB
8 Solid 6 22.4 Large cell neuroendocrine IA
Nodules identified on retrospective review of baseline CT by radiologists
9 Semisolid 10 28 Nonmucinous MIA IA
10 Solid 7 13.7 Adenocarcinoma IA
11 Solid 20 15.2 Typical carcinoid IA
12 Solid 8 50.4 Adenocarcinoma, papillary IA
13 Solid 4.2 23.9 Adenocarcinoma, acinar IA
14 Solid 5 20.4 Adenocarcinoma IA
15 Solid 9.2 6.4 Squamous IV
16 Solid 8 16.5 Small cell Limited
17 Solid 7 14 Adenocarcinoma, acinar IA
18 GGO 10 62 Nonmucinous MIA IA
19 Solid 5 23.4 Squamous IA
20 Solid 5.8 16 Squamous IA

aA 5-mm nodule between blood vessels with a borderline enlarged 11-mm 4R lymph node that was not initially reported. The participant dropped out of study
and presented clinically 17 months later with stage IIIA squamous cell carcinoma.
bParticipants were enrolled in a parallel autofluorescence bronchoscopy screening study.
CV, computer vision; GGO, ground-glass opacity; AIS, adenocarcinoma in situ; CT, computed tomogrpahy, MIA, minimally invasive adenocarcinoma.
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Scans with actionable findings can potentially be
communicated to the patient and referring physician for
referral to a specialist to fast-track further investigation.

A rapid learning curve was seen for the technician, as
evidenced by the improvement in average scan-reading
time after the first batch. This is likely due to increasing
familiarity with the software and the screening process.
Although all the scans containing malignant nodules were
triaged as abnormal by the technician because of the
presence of nodules elsewhere, two stage IA malignant
nodules and one mass lesion were missed in addition to
one small endobronchial carcinoid tumor and four 2- to
9-mm-diameter lung nodules that turned out to be ma-
lignant on follow-up and were also missed by the radi-
ologists. Without the advantage of the CV technology, 17
of 112 of the nodules that turned out to be malignant
(15.2%) were not annotated by the radiologists in the
baseline scan reading. Although all except one of the
nodules (case 15 [Table 2]) that were missed were
identified in retrospective review of the baseline screen
and were stage IA tumors when diagnosed, a 9.2-mm
nodule that was missed turned out to be a stage IV
squamous cell carcinoma 6.4 months later. Significant
CT scan reader variability was also found in the NLST,
with false-negative rates ranging from 3.5% to 8.1% and
false-positive rates ranging from 3.8% to 69.0%.18 The
strategy of having a technician aided by CV technology as
first reader will likely improve the consistency and
quality of scan interpretation. Traditionally, CV studies
have focused on detecting and characterizing abnormal
lung nodules, but as a stand-alone tool, this approach has
not been widely adopted clinically because of insufficient
accuracy of nodule detection and the presence of false-
positive annotations.19 False-positive annotations can
increase radiologist workload. However, if a radiologist
can read an annotated scan with false-positive CV anno-
tations removed and false-negative findings added by a
technician, the workload will not increase and this may
overcome the barrier to adopting CV software technol-
ogy. The nodule malignancy scores and nodules sizes
automatically generated by the CV software allow pre-
set action thresholds to further reduce the number of
false-positive annotations as well to assist radiologists in
making clinical management recommendations. Although
the advantage of having a technician remove the false-
positive CV annotations and add false-negative findings



Figure 2. Examples of malignant lung nodules missed by the technician plus computer vision (CV) and/or Pan-Canadian Early
Detection of Lung Cancer Study radiologists. (A and B) Malignant nodules missed by the technician plus CV software as well as
by the radiologists. (A) A 5-mm endobronchial carcinoid tumor of the left lower lobe (box). (B) A 7-mm solid nodule (arrow)
diagnosed as stage IIIA adenocarcinoma 25.3 months later. (C and D) Malignant nodules missed by the technician plus CV
software. (C) An 18-mm solid nodule adjacent to left hilar vessels (arrow). Stage IA adenocarcinoma diagnosed 1.2 months
later. (D) A 25-mm stage IIB adenocarcinoma (box). (E and F) Malignant nodules missed by the radiologist. (E) A 9.2-mm solid
nodule of the right lower lobe (arrow). Stage IV squamous cell carcinoma diagnosed 6.4 months later. (F) An 8-mm solid
nodule of the right lower lobe (box). Limited-stage small cell lung cancer diagnosed 16.5 months later.

Table 3. Proportion of CT Scans Triaged as Abnormal by
Using Different Cutoff Criteria

Classification

Proportion of
828 Scans
Classified as
Abnormal

Lung Cancers Diagnosed
at �12 mo (N ¼ 57) and
Sensitivity of Selecting
Scans with Lung Cancer
Using Each Set of
Classification Criteria

Nodule �1 mm 763 (92.1%) 56 (98.2%)a

Nodule �4 mm
(NLST)4,5

624 (75.4%) 56 (98.2%)a

Solid/semisolid
nodule �6 mm
or GGO �20 mm
(Lung-RADS)15

533 (64.4%) 54 (94.6%)a,b,c

Risk �2%
(PanCan)9,17

494 (59.7%) 56 (98.2%)a

aA 4-mm pT1aN0 endobronchial carcinoid tumor diagnosed by bronchoscopy
but missed by the technician plus CV software and also by the study
radiologist.
bA 12-mm GGO pT1aN0 moderately differentiated adenocarcinoma of mixed
subtype (75% acinar, 25% lepidic) diagnosed 3.5 months after baseline LDCT.
cA 19-mm GGO pT1aN0 adenocarcinoma (90% lepidic, 10% micropapillary)
diagnosed 2.7 months after baseline LDCT.
CT, computed tomography; NLST, National Lung Screening Trial; GGO, ground-
glass opacity; Lung-RADS, Lung CT Screening Reporting and Data System;
PanCan, Pan-Canadian Early Detection of Lung Cancer Study; LDCT, low-dose
computed tomography.
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could be a temporary advantage that may disappear
when software becomes better and more reliable, pre-
screening by a technician aided by CV technology
serves as a quality assurance tool to minimize false-
negative manual readings. In this study, three nodules
(9.2-, 5-, and 8-mm nodules) missed by the radiologist
were later diagnosed as stage IV squamous cell carcinoma,
stage IIIA squamous cell carcinoma, and limited-stage
small cell lung cancer 6.4, 17, and 16.5 months later,
respectively (Table 2 and Fig. 2).

Regardless of the method used to stratify risk, it is
inevitable that some participants with very early lung
cancer on the baseline scan and rapidly growing
incident cancers will be categorized as low risk. We
assessed three such methods—the NLST, Lung-RADS,
and PanCan criteria. In this retrospective analysis, we
found that the PanCan criterion of a nodule malignancy
risk of 2% or more performs the best in terms of
reducing the number of scans classified as abnormal
while maintaining the highest sensitivity in identifying
scans with lung cancer (Table 3). It should be noted
that the NLST, Lung-RADS, and PanCan criteria are not
entirely validated. Prospective evaluation of these
lung nodule management guidelines is needed to define
the optimal action threshold. A limitation of the
study is that incidental findings such as those in the
adrenals, liver, breasts, or mediastinum, as well as
nodules attached to hilar vessels, are not automatically
annotated by the CV software. However, recognition of
these “blind spots” would alert the radiologists to focus
on these areas during reporting. With rapid advances in
CV technology, identification of incidental abnormal-
ities such as coronary artery calcification can be auto-
mated.20,21 The technician in this study received
minimal training in reading chest CT scans and yet was
able to achieve a high degree of accuracy with the CV



Figure 3. Invasive adenocarcinoma presented as ground-glass nodules less than 20 mm in diameter. (A) A 12-mm ground-glass
opacity. A pT1aN0 moderately differentiated adenocarcinoma of mixed subtype (75% acinar and 25% lepidic) diagnosed 3.5
months later (box). (B) A 19-mm ground-glass opacity (arrow). A pTIaN0 adenocarcinoma with a 90% lepidic and 10%
micropapillary growth pattern diagnosed 2.7 months later.
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software. A more structured training program will
likely improve the accuracy further and minimize
missing significant findings.

Conclusion
A technician assisted by CV software can accurately

categorize abnormal scans for review by a radiologist.
Prescreening by a technician and CV software is a
promising strategy for reducing workload and improving
the speed, consistency, and quality of scan interpretation
of screening chest CT scans. To our knowledge, this is the
first time that a nonradiologist screener has been tested
for this purpose. This strategy could enable large vol-
umes of scans to be processed around the clock with
improved speed and consistency in quality, saving
valuable time of the limited number of expert chest ra-
diologists to concentrate on abnormal scans. This strat-
egy may facilitate health care system uptake of
population-based lung cancer screening programs and
overcome some of the barriers to cost-effective
screening programs to reduce lung cancer mortality.
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