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Effectiveness of artificial intelligence for detecting operable lung
cancer on chest radiographs
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Background: Despite the importance of early diagnosis of lung cancer and wide availability of chest
radiography, the detection of operable stage lung cancer on chest radiographs (CXRs) remains challenging.
This study aimed to investigate the effectiveness of artificial intelligence (AI)-based CXR analysis for
detecting operable lung cancers.

Methods: Patients who underwent lung cancer surgery at two referral hospitals between March 2020 and
February 2021 were retrospectively included in this study. Preoperative CXRs of the patients were analyzed
using commercial Al-based lesion detection software, and the results of lesion location and types obtained
using the software were reviewed by radiologists and pulmonologists, with computed tomography (CT) as a
reference standard for determining nodule characteristics. Factors influencing AI detection of lung cancer on
CXR were assessed using logistic regression analysis.

Results: Among the 594 patients who underwent surgery for lung cancer (median age: 65 years, 51.3%
male), the sensitivity of Al for detecting lung cancer on CXR was 57.7%, and it identified 86% of CXR-
visible lung cancers. Detection rates of lung cancer by Al increased according to the disease stage: 42.5%
for stage IA, 86.3% for stage IB, and 90.9% for stages II-III. The detection rate increased to over 60%
from stage IA2 onwards when tumor size exceeded 1 cm. Regarding lesion type on CT, 8.3%, 46.8%, and
77.3% of non-solid, part-solid, and solid nodules, respectively, were detected by Al. Multivariable analysis
showed that nodule location in the upper zone [odds ratio (OR) 2.78, P<0.001], peripheral region (OR 4.59,
P<0.001), and solid lesion diameter (OR 1.20, P<0.001) were significantly associated with Al detection of

lung cancer.
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Conclusions: Al could be an effective tool for detecting operable lung cancer on CXRs, particularly when

lesions are larger and located in the upper and peripheral regions.
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Introduction

Lung cancer is the leading cause of cancer-related
morbidity and mortality worldwide with 1.80 million deaths
documented by the World Health Organization in 2020 (1).
One of the main reasons for the high mortality rate
associated with lung cancer is difficulty with early detection.
Although large-scale clinical studies have demonstrated that
screening of high-risk groups with low-dose chest computed
tomography (CT) can enhance lung cancer detection and
reduce mortality rates (2), the application of this screening
method is somewhat restricted due to its high cost, need for
specialized equipment, concerns about radiation exposure,
and difficulty in generalization it to individuals with low risk
of tobacco exposure. On the other hand, chest radiograph
(CXR) is comparatively easily accessible, inexpensive, simple

Highlight box

Key findings

* Artificial intelligence (AI) could be effective for detecting operable
lung cancer using chest radiographs.

* Lung nodules in the upper zone and peripheral region were more
detectable by AL

® For lesions with diameter >4 cm, lesion centrality did not affect AT

detection.

What is known and what is new?

® Previous studies have shown that using Al in chest radiograph
analysis improves the efficiency and accuracy of lung nodule
detection.

e This study provides insights into the effectiveness of Al for nodule
detection in chest radiographs specifically for surgically operable
early-stage lung cancer, along with a detailed Al analysis based on
lung nodule location and size.

What is the implication, and what should change now?

¢ The findings suggest that while Al can enhance detection rates in
certain lung regions, further refinement of Al algorithms is needed
to improve detection in central and lower lung zones; integrating
Al into clinical practice may assist in earlier and more accurate

lung cancer detection.
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to perform; it involves low radiation exposure and remains
the first-line investigation for lung lesions in primary care
clinics. However, the detection of early-stage lung cancer
using CXR is challenging. This difficulty primarily stems
from the fact that early-stage tumors are often small and
manifest as subtle, indistinct abnormalities that can easily
blend with surrounding anatomical structures. Additionally,
non-solid early lung cancers may not be clearly visible on
standard CXR (3,4).

As artificial intelligence (AI)-based approaches for lesion
detection on CXR have increased, attempts to utilize Al
to detect lung cancer have attracted clinical interest (5).
Several studies have demonstrated the benefits of Al for
malignant lung nodule detection on CXR (6,7), in terms
of enhancing the diagnostic performance of radiologists,
reducing the workload of screening healthy populations
with low prevalence of lung cancer (8), and reducing
worries about missed lung cancer due to inexperience of
early-career radiologists or unexpected situations (9-11).
The detection of lung cancer at an early, surgically operable
stage is clinically important because it is associated with
favorable patient outcomes. However, there is lack of
evidence regarding the detectability of operable lung
cancers on CXR using Al In this study, we aimed to
investigate the effectiveness and capability of Al-based CXR
analysis in detecting malignant lung nodules in patients who
subsequently underwent lung cancer surgery. We present
this article in accordance with the STARD reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-24-745/rc).

Methods
Patients and clinical data

Patients who underwent surgery for lung cancer at two
referral hospitals (Severance Hospital and Yongin Severance
Hospital) between March 2020 and February 2021 were
retrospectively included in the study (Figure I). Detailed
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Patients underwent surgical
resections for lung cancer between
March 2020 - February 2021
(n=673)

Exclusion (N=79)

* Neo-adj chemotherapy (n=56)

* Double primary cancer (n=8)

e Interval between chest CT and
surgery =3 months (n=15)

A

Study patients
(n=594)

A

Preoperative CXR
analyzed by Al

! !

Not detected
on CXR by Al
(n=251)

Lung Cancer Detected
on CXR by Al
(n=343)

Figure 1 Flowchart of study patient enrollment. Al, artificial

intelligence; CXR, chest radiograph; CT, computed tomography.

medical records of baseline characteristics, pathological
diagnoses, and radiological results were retrospectively
reviewed. Lung cancer stage was assessed according to the
8" edition of TNM classification (12).

Al-based CXR analysis

CXRs obtained immediately before lung cancer surgery
or biopsy were used for the Al analysis. Commercially
available Al-based lesion detection software (Lunit
INSIGHT for Chest Radiography, version 3.1.2, Lunit
Inc., Republic of Korea) was used to analyze all CXRs in the
posteroanterior or anteroposterior views. The software can
detect nodules (Ndl), consolidation (Csn), pneumothorax
(Px), pleural effusion (PEf), cardiomegaly (Cm), fibrosis
(Fib), pneumoperitoneum (Ppm), and atelectasis (Atl)
when it exceeds the vendor-recommended threshold
of 15%, validated in previous research (13-15). The Al
abnormality score represents the probability of the presence
of suspicious areas for chest abnormalities, usually provided
as a percentage. This software displays a contour map of the
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lesion location, abnormality score, and abbreviated name
of the lesion detected on CXR (Figure 2A). If the score for
any lesion type is below this threshold (less than 15%), the
CXR is labeled as normal, with no region of interest (ROI)
shown. We retrospectively extracted each abnormality score
and lesion type from the Al server by uploading the digital
imaging and communications in medicine (DICOM) images
of the CXR to the server. Al detection of lung cancer was
defined as Al-determined abnormality score above 15% at
the location of known cancer lesion on CXR. We analyzed
which lesion types were detected in the cancer region and
the abnormality score of each. Total abnormality score for
each lung cancer was defined as the highest score among the
included lesions. To assess whether Al correctly detected the
location of known lung cancer seen on CT and pathological
findings, all CXRs and Al results were reviewed by four
readers: two experienced radiologists (H.].S., Y.J.S.) and
two pulmonologists (S.H.K., E.H.L.) who were not blinded
to the available information, such as the cancer’s presence
and location. The location and type of lesions detected by
the Al software were assessed accordingly by readers when
known lung cancers were visible on CXR.

CT image acquisition and analysis

All patients underwent chest CT preoperatively using one
of the following multidetector row scanners: Sensation 64,
Somatom Definition Flash, Somatom Force, or Somatom
Definition AS+ (Siemens Healthineers); Discovery CT750
HD, Revolution EVO, Revolution CT, or LightSpeed
VCT (GE Healthcare); or iCT 256 (Philips Healthcare).
Detailed imaging parameters are described in previous
publications (16,17). For the assessment of lesion size, type,
location, and centrality, preoperative chest CT images
were analyzed as references. Six reviewers (above 4 readers
and two additional thoracic radiologists (N.Y.K. and K.N.)
participated in the CT image analysis with the assistance of
Al-based computer-aided detection (CAD) software (CT
AI-CAD) for the detection of lung nodules (AVIEW LCS,
Coreline Soft, Seoul, Republic of Korea), with 70-150 cases
per reader. The reviewers had information about the
confirmed lung cancer when reviewing the CT AI-CAD
results. They reviewed the AI-CAD results and corrected
the size, type, and location of the CAD-detected malignant
nodules if needed. When the CT AI-CAD could not detect
the malignant nodule, the reviewers drew the contour of
the nodule using semi-automated or manual methods.
In addition, the centrality of the malignant nodule was
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Abnormality score: low
Cardiomegaly: low

Abnormality score: low
Cardiomegaly: low

Figure 2 Examples of lung cancer cases. (A) CXR-visible lung cancer that was detected by Al: a 63-year-old female patient with a solid lung

cancer in the right upper lobe, detected by Al on a preoperative CXR (size: 17 mm, nodule abnormality score: 72%). The final pathological
diagnosis confirmed that the cancer was a stage IA2 adenocarcinoma. (B) CXR-invisible lung cancer: a 64-year-old female patient
diagnosed with part-solid lung cancer (total size: 14 mm, solid: 7 mm) in the left lower lobe. The cancer was confirmed to be a stage IA1l
adenocarcinoma. The lesion is invisible on the preoperative CXR, and the CXR is determined by the Al software to have no abnormality.
(C) CXR-visible lung cancer that could not be detected by Al: a 69-year-old male patient with a 32-mm solid lung cancer centrally located in
the paravertebral area of the right lower lobe. Preoperative CXR shows increased focal opacity adjacent to the right cardiac border; however,
the lesion is not detected as an abnormality on Al The final pathological diagnosis confirmed a stage IIIB adenocarcinoma with positive

mediastinal lymph nodes. ndl, nodule; Al, artificial intelligence; CXR, chest radiograph.
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assessed according to the definition proposed by a previous
study (18). If multiple nodules were detected by the CT Al-
CAD, the reviewers approved only one lesion per patient
and deleted nodules other than those confirmed as lung
cancer. The resulting data were considered the reference
standard for nodule information on CT, including the size,
type, and location of the lesions.

Statistical analysis

We used the R program (version 4.4.0, Foundation for
Statistical Computing, Vienna, Austria; packages: survival,
rms, compareC, and pec) for statistical analysis. Patients’
demographics were compared using #-test for continuous
variables after the normality test, and Chi-squared test for
categorical variables. To analyze the relationship between
lung cancer size and Al abnormality score for peripheral
and central lesions, we used the ggplot2 library, which
facilitated the generation of plots to compare scoring trends
across different nodule locations and sizes. Univariable and
multivariable logistic regression analysis was conducted to
investigate the factors that influenced the detection of lung
cancer using Al In the multivariable analysis, variables that
had a P value less than 0.05 in the univariable analysis were
included, along with variables of clinical importance related
to cancer location. In the subgroup analysis, we utilized the
forestploter library to generate forest plots. A P value <0.05
was considered significant for all analyses.

Ethical statement

"This study was performed in accordance with the Declaration
of Helsinki (as revised in 2013) and was approved by the
institutional review board (IRB) of Yongin Severance
hospital (approval No. 9-2021-0192). The requirement
for informed consent was waived by the IRB of Yongin
Severance Hospital because of the retrospective nature of
the study and use of anonymized clinical data.

Results
Study patients

Between March 2020 and February 2021, 673 patients
underwent surgical resection of lung cancer in the two study
centers. Among them, 79 patients were excluded because
they had received neo-adjuvant chemotherapy (n=56), had
primary cancers other than lung cancer (n=8), or had a chest
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CT scan conducted >3 months prior to surgery (n=15).
Therefore, 594 patients were included in the final analysis.
A flowchart of the patient inclusion process is shown in

Figure 1.

AI detection of lung cancer on CXR

Table 1 shows a comparison of patients’ demographics
according to Al detection status. Among the 594 cases of
lung cancer [male:female =305:289; median age, 65 years;
interquartile range (IQR), 58.8-72 years], adenocarcinoma
was the predominant histological type, accounting for 87.9%
(522/594) of the cases. In preoperative CXRs, Al detected
57.7% (343 out of 594) of lung cancers. The detection rates
of Al varied with the lung cancer stage: 42.5% for stage IA,
86.3% for stage 1B, and 90.9% for stages II-1II. The AI-
detected group had a higher median age (66 vs. 64 years,
P=0.005) and higher proportions of male patients and ever-
smokers. When we used CT results as a reference, the
Al-detected lesions tended to be larger in total and solid
diameters and to be of a solid nodule type than those that
were not detected by Al (P<0.001). According to the lesion
type on CT, 8.3%, 46.8%, and 77.3% of nonsolid, part-
solid, and solid nodules, respectively, were detected by AL
Regarding cancer size, for stage IA1 (<1 cm), the detection
rate by Al was 13.4%. For IA2, where the size exceeded
1 cm, the detection rate increased to 60.3%, and for lesions
exceeding 2 cm in stage IA2, the results showed greater than
80% detection using Al The Al abnormality scores were all
significantly higher in the Al-detected cases.

A total of 399 lung cancers (67.2%) was considered
visible on CXR, whereas 195 were not visible (Table S1).
Among the CXR-visible lung cancers, 343 (86.0%) were
detected correctly by Al, and the detected lesions were as
follows: nodules (n=321), consolidations (n=97), fibrosis
(n=52), and atelectasis (n=14). The remaining 56 cases were
not detected by AL Figure 2 shows examples of lung cancers
detected and not detected by Al on CXR.

Factors that contribute to Al detection of lung cancer
on CXRs

Table 2 presents the results of univariable and multivariable
analysis of factors affecting the detection of lung
cancer using Al on CXRs. In the univariable analysis,
characteristics such as older age, male gender, ever-smoker,
squamous histology, solid nodule rather than subsolid, as
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Characteristics Total (n=594) Al-detection (n=343) No Al-detection (n=251) P value
Age, years 65 (58.8-72) 66 (60-73) 64 (57.5-70) 0.005
Gender
Male 305 191 (62.6) 114 (37.4) 0.02
Female 289 152 (52.6) 137 (47.4)
BMI, (kg/m?) 24.0+2.9 24.0+2.9 24.1+3.0 0.78
Smoking status
Never smoker 338 177 (562.4) 161 (47.6) 0.003
Ever smoker 256 166 (64.8) 90 (35.2)
Subtype
Adenocarcinoma 522 286 (54.8) 236 (45.2) 0.001
Squamous cell carcinoma 54 44 (81.5) 10 (18.5)
Others 18 13 (72.2) 5(27.8)
Pathologic stage
IA 400 170 (42.5) 230 (57.5) <0.001
IA1 (=1 cm) 187 25 (13.4) 162 (86.6)
IA2 (>1 cm, <2 cm) 131 79 (60.3) 52 (39.7)
IA3 (>2 cm, <3 cm) 82 66 (80.5) 16 (19.5)
B 73 63 (86.3) 10 (13.7)
Il 76 69 (90.8) 7(9.2
1] 45 41 (91.1) 4(8.9)
Lesion type
Non-solid 72 6 (8.3) 66 (91.7) 0.001
Part-solid 218 102 (46.8) 116 (53.2)
Solid 304 235 (77.3) 69 (22.7)
Lesion size
Lesion diameter (solid), mm 20.5+16.3 28.7+15.6 9.2+8.6 <0.001
Lesion diameter (total), mm 26.6+13.8 32.4+14.3 18.6+7.7 <0.001
Lesion volume (solid), mm?® 7,770+20,696 12,859+26,049 816+1,907 <0.001
Lesion volume (total), mm 9,830+21,182 15,144+26,526 2,570+3,160 <0.001
Location
R_Upper 171 102 (59.6) 69 (40.4) 0.48
R_Middle 48 30 (62.5) 18 (37.5)
R_Lower 164 86 (52.4) 78 (47.6)
L_Upper 130 80 (61.5) 50 (38.5)
L_Lower 81 45 (55.6) 36 (44.4)

Table 1 (continued)

© AME Publishing Company.
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Table 1 (continued)

Characteristics Total (n=594) Al-detection (n=343) No Al-detection (n=251) P value

Centrality
Central 71 44 (62.0) 27 (38.0) 0.52
Peripheral 523 299 (57.2) 224 (42.8)

Al abnormality score on CXR
Nodule score 43.7+37.9 69.9+27.7 8.57+13.2 <0.001
Consolidation score 13.0+22.3 20.1x26.0 3.38+9.6 <0.001
Fibrosis score 14.6+25.1 19.2+26.8 8.39+21.0 <0.001
Atelectasis score 5.89+15.4 6.94+16.7 4.46+13.5 0.046
Total abnormality score’ 45.0+37.8 71.8+25.6 8.57+13.2 <0.001

Values are presented as medians with interquartile ranges, numbers, and numbers with percentages or mean = SD. T, total abnormality
score for each lung cancer was defined as the highest score among the included lesions. Al, artificial intelligence; CXR, chest radiograph;
IQR, interquartile range; BMI, body mass index; SD, standard deviation; R, right; L, left.

well as increased stage and size were shown to affect Al
detection. However, in the multivariable analysis, significant
effects on Al detection were observed when lung cancers
were located in the upper zone [vs. mid & lower zone, odds
ratio (OR): 2.78, 95% confidence interval (CI): 1.709-4.609,
P<0.001], peripheral region (vs. central, OR: 4.59, 95% CI:
2.091-10.306, P<0.001), and as the nodule solid diameter
(OR: 1.20, 95% CI: 1.167-1.247, P<0.001) increased. In the
subgroup analysis using age (65 years) and solid diameter
cutoff (16.3 mm), Al detection of lung cancer on CXR
increased significantly in cases with solid compared to
subsolid nodules, in addition to solid diameter, peripheral,
and upper lung regions (Figure 3).

Differences in Al detection on CXR between central and
peripberal regions by stage

Figure 4 indicates that malignant lesions located in the
peripheral regions tended to have higher Al abnormality
scores even when their sizes were small, suggesting a higher
likelihood of detection by Al Conversely, as lesion size
approached or exceeded approximately 40 mm according to
the stage, the disparity in the Al abnormality scores between
the peripheral and central lesions diminished, indicating a
convergence in nodule scores for larger lesions regardless
of their location. When further analysis was conducted by
dividing the stage into pathologic stage I and stage II or
higher (using 4 cm tumor size cutoff), it was found that in
stage I, Al detection of lung cancer in CXR was significantly

© AME Publishing Company.

higher in peripheral region at 50.7% compared to 31.4% in
the central region (P=0.043) (Figure 5). On the other hand,
in stage II or higher, there was no significant difference in
Al detection between the central and peripheral regions,
with both showing an Al detection rate of over 90%.

Discussion

This study investigated the effectiveness of Al-based CXR
analysis in detecting malignant lung nodules in patients
who underwent lung cancer surgery. Our results showed
that 57.7% (343 out of 594) of operable lung cancers were
detected on CXR using Al, and 86% of CXR-visible lung
cancers were detected with Al. Although Al identified only
42.5% of stage IA cancers, the detection rate increased to
over 60% and 80% for stages IA2 and IA3, respectively.
Interestingly, when the tumor size was less than 4 cm
pathologic (stage IA and IB), Al detection rates on CXR
were significantly higher in the peripheral region compared
to central region cancers, demonstrating that Al tool in
CXR is more effective in detecting peripheral lung cancer
even when the tumors are smaller (Figures 4,5).

Recent meta-analyses have reported the sensitivity
of lung cancer detection on CXR to be 77-80% (19).
Literature suggests that CXR fails to identify lung cancer in
approximately 20-25% of cases (3). However, these studies
included patients with advanced lung cancer and those who
were symptomatic. Studies on the sensitivity of CXR and its
role in detecting surgically operable early-stage lung cancers
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Table 2 Univariable and multivariable logistic regression analysis of lung cancer characteristics detected by Al in CXRs

Univariable analysis

Multivariable analysis

Variable
OR 95% Cl P value Adjusted OR 95% ClI P value

Age 1.02 1.005-1.039 0.009 1.00 0.975-1.023 0.93
Gender (male) 1.51 1.089-2.095 0.014 0.89 0.433-1.797 0.74
Smoking (ever-smoker) 1.68 1.202-2.342 0.002 0.94 0.445-1.964 0.86
Histology

Non-squamous 1 <0.001 1 0.69

Squamous 3.55 1.748-7.194 1.23 0.452-3.554
Pathologic stage

IA 1 - - -

B 8.52 4.25-17.096 <0.001 - - -

Il 13.38 5.978-29.75 <0.001 - - -

I 13.87 4.874-39.456 <0.001 - - -
Nodule type

Subsolid (nonsolid + part-solid) 1 1

Solid 5.74 4.027-8.258 <0.001 1.13 0.643-1.97 0.67
Nodule location®

Mid & lower zone 1 0.149 1 <0.001

Upper zone 1.27 0.918-1.763 2.78 1.709-4.609
Centrality

Central 1 0.443 1 <0.001

Peripheral 0.82 0.492-1.363 4.59 2.091-10.306
Nodule diameter (solid lesion, mm) 1.18 1.146-1.207 <0.001 1.20 1.167-1.247 <0.001
Nodule diameter (total lesion, mm) 1.15 1.124-1.184 <0.001 - - -

', upper zone refers to the right upper lobe and left upper division, whereas the mid & lower zone refers to the remaining lobes (right
middle lobe, left lingular division, right lower lobe, and left lower lobe). Al, artificial intelligence; CXR, chest radiograph; OR, odds ratio; Cl,

confidence interval.

are lacking; hence, we analyzed the utility of Al for the
detection of malignant lesions in patients with operable lung
cancer. As is already known, the Al-detectability of nodules
on CXR is lower for smaller nodules, those at an early stage,
and those with less solid portions, such as non-solid or part-
solid nodules (20,21). Previous studies have reported that
lung cancer is likely to be missed when located in areas
with overlying ribs or in the sub-diaphragmatic space and
hilar regions (19,22). Similarly, our study found that Al
detection rate was significantly lower for tumors located

© AME Publishing Company.

in the central region and mid, lower lung zone (7able 2).
Given that the incidence of lung cancer is significantly
higher in the upper lobes (23), the fact that Al demonstrates
strong detection capabilities in these regions is a significant
advantage. On the other hand, the lower detection rates
in the mid and lower lung regions can be explained by the
anatomical and imaging challenges inherent to these areas.
Structures such as the diaphragm and heart, along with the
overlap of abdominal contents, can obscure smaller lesions,
making detection more difficult (22). These findings
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Subgroup Not detected Detected OR (95% CI)
Age, years :

<65 131 152 L] 1.00 (Reference)

>65 120 191 —EI— 1.22 (0.78 to 1.90)
Gender E

Female 137 152 + 1.00 (Reference)

Male 114 191 —I;— 0.90 (0.45 to 1.76)
Smoking E

Never smoker 161 177 + 1.00 (Reference)

Ever-smoker 90 166 —_—— 0.90 (0.45 to 1.81)
Histology E

Non-squamous 241 299 + 1.00 (Reference)

Squamous 10 44 ——— 1.30 (0.55 to 3.30)
Nodule type E

Subsolid 182 108 + 1.00 (Reference)

Solid 69 235 | —— 2.31 (1.35 to 3.95)
Centrality E

Central 22 44 ; 1.00 (Reference)

Peripheral 274 299 E —_— 3.09 (1.56 to 6.09)
Location E

Mid & lower 138 168 + 1.00 (Reference)

Upper 113 175 E —a— 2.53 (1.58 to 4.11)
Size '

<16.3 mm 201 55) ; 1.00 (Reference)

>16.3 mm 50 288 E —=> 20.01 (12.11 to 34.15)

[ I I I I I
0.5 1 2 4 8 16
Odds Ratio
Not detected by Al Detected by Al

Figure 3 Subgroup analysis for Al detection of lung cancer on CXR. Al detection of lung cancer on CXR increases significantly in cases

with solid compared to subsolid nodules, peripheral compared to central region, upper lung locations compared to mid and lower, and

larger tumor size (>16.3 mm). The tumor size cutoff of 16.3 mm was determined based on the receiver operating characteristic curve for Al

detection. Adjusted OR with 95% CI are shown for each subgroup, with relevant covariates accounted for in the analysis. OR, odds ratio;

CI, confidence interval; Al artificial intelligence; CXR, chest radiograph.

underscore the importance of continued refinement of Al
algorithms to improve detection rates across these more
challenging regions.

In this study, experienced readers assessed that operable
lung cancer was visible in 67.2% (399 out of 594) of
patients from preoperative CXRs. Our retrospective
analysis involved radiologists and pulmonologists who
reviewed CXRs with prior knowledge of each lung cancer’s
presence and location for the assessment of visibility on
CXR, allowing for maximal sensitivity and resulting in a
67.2% of visibility. Of these visible cases, Al successfully
detected 86% (343 of 399) at the precise cancer location.

© AME Publishing Company.

Previous studies have shown that the sensitivity of lung
nodule detection on CXR by doctors varies from 36% to
84% (24-26). Studies analyzing Al performance on CXR
have reported more consistent sensitivities, ranging from
0.79 to 0.91 (13,27). However, it should be noted that this
study did not compare Al’s effectiveness to cases missed by
radiologists in real-world settings without Al assistance, nor
did it assess Al’s performance in a blinded manner. These
limitations, along with the retrospective design, mean that
our study cannot definitively conclude Al’s incremental
benefit over traditional radiologist interpretation. In real-
world clinical settings, CXRs are often obtained for various
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Figure 4 Correlation between total abnormality score and lesion
diameter. When the solid component of the lung cancer is small,
the total abnormality score (which indicates the probability of
the presence of suspicious areas for chest abnormalities on CXR
determined by Al) is elevated in peripheral nodules (orange line).
However, for lesions exceeding approximately 40 mm (clinical
stage II), the disparity in the total abnormality scores between
the central and peripheral regions is diminished. Al, artificial

intelligence; CXR, chest radiograph.
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Shin et al. Al detection of operable lung cancer on CXR

reasons across outpatient, emergency, and primary care
settings, where immediate radiological interpretation is
frequently unavailable, placing the responsibility of CXR
assessment on the attending physician (20). A previous
study has reported that approximately 20% of patients with
lung cancer had previous positive CXR findings that were
missed at that time (21). Additionally, a recent randomized
controlled trial found that radiologists who used Al software
on CXR had a significantly higher rate of malignant lung
nodule detection than the group that did not use Al (28).
Another study reported that Al assistance was particularly
beneficial for junior radiologists with less experience,
enhancing their detection accuracy (29).

Our study provides support for the potential of Al
in identifying operable, CXR-visible lung cancers. By
presenting detailed information on Al performance based
on tumor characteristics—such as size, location, and
nodule type—our findings offer foundational data that can
serve as a reference for understanding Al’s capabilities in
detecting operable lung cancer. Additionally, the findings
emphasize the need for radiologists and clinicians to pay
close attention to areas prone to missed detections, such as
the mid and lower lung zones and central regions, where

m Detection by Al
P=0.99

Central Peripheral

Stage Il + Il

Figure 5 Differences in Al detection on CXR between central and peripheral regions by stage. In stage I, Al detection of lung cancer on
CXR was significantly higher in the peripheral regions, at 50.7%, compared to 31.4% in the central regions (P=0.043). In stages II and III,
no significant difference was observed in Al detection rates between the central and peripheral regions. Al, artificial intelligence; CXR, chest

radiograph.
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Al detection remains limited. However, it is also important
to note that when the AI abnormality score exceeds the
15% cutoff, a considerable number of detected cases
may represent benign diseases in addition to cancer (30).
Furthermore, AI CXR has limitations in assessing lymph
node involvement and metastasis to adjacent structures,
underscoring its constraints as a definitive diagnostic tool
for cancer. Therefore, an Al-detected abnormality on CXR
should not be considered definitive for cancer diagnosis;
rather, it serves as an indicator for further workup, such as
CT, in a screening context.

This study has some limitations. First, it was a
retrospective analysis conducted in only two institutions,
which limits the sample size and generalizability of the
findings. Additionally, while the Al demonstrated a
relatively high detection rate for operable lung cancer, the
study did not compare this with detection rates in real-life
clinical settings without Al assistance, making it difficult
to assess Al’s incremental contribution to reducing missed
diagnoses. This ambiguity limits conclusions about potential
clinical benefits for patient prognosis. Second, we used one
commercial Al software to analyze the CXRs, which may
impact generalizability. However, our choice was informed
by the need to use commercial software that demonstrates
high performance in order to facilitate repeatability of the
study. Nonetheless, studies assessing the efficacy of Al in
analyzing CXR, specifically for the detection of early lung
cancer, are rare, which lends significance to this study. Our
study demonstrated the detailed analysis of the characteristics
of surgically treatable lung cancer detected through Al, using
CT as a reference. To validate these findings, larger-scale,
multi-institutional prospective studies are needed to further
ascertain the effectiveness of Al in detecting early-stage lung
cancer and improving patients’ outcomes.

Conclusions

In conclusion, this study demonstrated that Al could detect
a considerable number of patients with lung cancers at
surgically operable stages on CXRs. It also showed that Al
detection via CXR is more effective when the cancer lesion
has a larger solid diameter and is located in the upper zone
and peripheral region.
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