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Purpose: To determine the significance of lesion—pleura relationship in differentiating peripheral inflammatory lesions (PILs) and
peripheral lung cancers (PLCs).

Patients and Methods: From January 2017 to April 2022, a total of 743 patients with 501 PLCs and 292 PILs (>1.5 cm) were
retrospectively enrolled. The patients’ clinical characteristics and CT features of lesions in these two groups were analyzed and
compared, and the impact of the lesion—pleura relationship (broad or narrow basement and distance between lesion and pleura) on
differentiation was specifically assessed.

Results: Lesions attached to pleura were more frequent in PILs (188, 64.4%) than in PLCs (244, 48.7%) (P < 0.001), and those with
broad basement-to-pleura were also more common in PILs (133, 70.7%) than in PLCs (47, 19.3%) (P <0.001). Among the 296 lesions
with a lesion-pleura distance <16 mm, the optimal cutoff value of distance was <8.9 mm (area under curve [AUC], 0.733; sensitivity:
0.770; specificity: 0.623; P < 0.001) for predicting PLCs. Regarding the 728 lesions attached to pleura or with a lesion-pleura distance
<16 mm, the AUC of the model based on the clinical and CT features for predicting PLCs significantly increased from 0.812 to 0.879
after including lesion-pleura relationship (narrow basement or lesion-pleura distance < 8.9 mm) (P < 0.001). Additionally, the lesion—
pleura relationship was one of independent indicators for differentiation (odds ratio, 9.433; P < 0.001).

Conclusion: When differentiating peripheral lesions (=1.5 cm), it is crucial to consider the basement-to-pleura and lesion-pleura
distance besides patients’ clinical characteristics, laboratory parameters and morphological features.
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Introduction

Lung cancer remains the most prevalent and deadliest cancer worldwide.! On computed tomography (CT) images, lung
cancer typically appears as either a central or peripheral lesion, with peripheral lung cancers (PLCs) denoting lesions
situated in the outer regions of the lung. PLCs often manifest as subpleural nodules or masses, a presentation also
observed in peripheral inflammatory lesions (PILs).>* The similarity in location and morphological features between
PLCs and PILs poses a significant diagnostic challenge, potentially leading to delayed cancer treatment or unnecessary
surgical procedures for inflammatory conditions.*> Therefore, accurate differentiation between these two conditions is
necessary.

The nature of peripheral nodules or masses could be determined by analyzing their characteristics observed on CT
scans.® Various CT features have been consistently assessed to differentiate malignant and benign lesions.”” Specifically,
most of lesions manifested as ground-glass opacity can be differentiated by a detailed assessment of CT features and their
changes in long-term follow-up.'®!" However, the CT features of solid lesions usually overlap, and long-term follow-up
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carries some risk. Though common CT features, such as lobulation and spiculation sign, vascular convergence sign, and

812 these indicators are not specific and misdiagnoses still

well-defined boundary, are highly suggestive of lung cancer,
occur, highlighting the need for additional predictors.

Considering that peripheral lesions are in close proximity to the pleura, the relationship between them may provide
additional diagnostic information in differentiation.'® Previous studies have primarily focused on evaluating pleural
invasion, as it is a crucial factor in grading PLCs and determining appropriate surgical strategies.'*'> However, despite
these findings, the detailed lesion-pleura relationship, such as the basement-to-pleura and lesion-pleura distance, has not
been extensively investigated in the context of their differential diagnosis. Further research into this aspect may
potentially enhance the accuracy of distinguishing between PLCs and PILs.

The lesion—pleura relationship can be classified into two main conditions: lesions that are either attached to the pleura
or distanced from it. Attached lesions may exhibit either a broad or narrow basement, while distanced lesions may
display varying spatial distance between pleura. Based on this observation, we hypothesize that the lesion—pleura
relationship could provide important diagnostic clues. Therefore, the aim of this study is to determine the potential
diagnostic significance of the relationship between pulmonary lesions and the pleura.

Materials and Methods

Patients

This single-center retrospective study was approved by the institutional review board of the First Affiliated Hospital of
Chongqing Medical University, and the requirement for informed consent from the patients was waived due to the
retrospective nature of this study.

Patients with confirmed pulmonary solid nodules or masses were retrospectively enrolled in this study based on the
electronic health record (EHR) and picture archiving and communications system (PACS). Firstly, the EHR was
reviewed to identify all patients who underwent treatment of pulmonary lesions in the department of thoracic surgery
and respiratory from January 2017 to April 2022. The search results were reviewed to identify cases with pathologically
confirmed pulmonary lesions and those with inflammatory lesions confirmed by follow-up after anti-inflammatory
treatment. Secondly, cases were manually reviewed by a fellowship-trained thoracic radiologist with 3 years of
experience in chest imaging to confirm whether they had chest CT images in the PACS, lesions were central type or
peripheral type, and lesions were nodules, masses, or others. Patients without chest CT data, those with central-type
lesions, and cases where lesions were not presented as nodules or masses were excluded. This is because PILs and PLCs
that manifest as nodules or masses typically share similar morphological features, making them difficult to differentiate
clearly on CT images. Thirdly, cases were reviewed by a senior thoracic radiologist with 8 years of experience in chest
imaging to determine lesion diameter and attenuation (solid or part-solid) on CT images. The lesions <15 mm in diameter
or manifested as part-solid nodules (PSNs) were excluded, because solid nodules >15 mm in diameter or masses are
regarded with high suspicion of cancers according to Lung-RADS criteria,'® and benign and malignant PSNs usually had
distinct CT features. After preliminarily selecting, the residual patients with solid lung cancers (n = 498) and benign
lesions (n = 381) were candidates for this study. From these 879 patients, those had only thick-section CT images with
a thickness greater than 1 mm (n = 27) (as accurate evaluation of the distance between lesion and pleura was not feasible
on thick-slice images), lesions attached to the interlobular fissure (n = 24) (as the differences between interlobular pleura
and pleura adjacent to mediastinum and chest wall may affect the lesion—pleura relationship) or tuberculomas and benign
tumors (n = 68) (as they usually exhibit typical features distinct from those of inflammatory lesions), and artifacts or
noise on CT images compromising accurate evaluation (n = 17), were excluded. Finally, 463 patients with 501 PLCs and
280 patients with 292 PILs were included in this study.

CT Examinations

All CT images were obtained using one of the following CT scanners: SOMATOM Perspective (Siemens Healthineers,
Erlangen, Germany), SOMATOM Definition Flash (Siemens Healthineers, Erlangen, Germany), or Discovery CT750 hD
(GE Healthcare, Milwaukee, WI, USA). All CT scans were performed with the patient in a supine position from the
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thoracic entrance to the costophrenic angle at the end of inspiration during a single breath-hold. A breath-hold exercise
was implemented before each examination. The following were the scan parameters: tube voltage, 120 kVp; tube current
time, 50-140 mA (using automatic current modulation technology); scanning slice thickness, 5 mm; rotation time, 0.5 s;
pitch, 1-1.1; collimation, 0.6 or 0.625 mm; reconstruction slice thickness and interval, 0.625 or 1 mm; matrix, 512x512.
All patients underwent plain CT scan, 451 patients (56.9%), comprising 99 with PILs and 352 with PLCs, also underwent
contrast-enhanced CT scan with a total of 80-100 mL of nonionic iodinated contrast material (Iopamidol, 320 mg/mL;
Shanghai Bracco Sine Pharmaceutical Co., Ltd., China) at an injection rate of 3.0 mL/s, followed by 50 mL of saline
solution via a power injector.

Image Analysis

Two radiologists with 15 and 8 years of experience in chest imaging who were blinded to the pathological results and
clinical data independently evaluated the CT images. The CT data were analyzed in both the lung window setting (level,
—600 hU; width, 1200 hU) and the mediastinal window (level, 40 hU; width, 400 hU) by using Carestream Vue PACS
(Carestream, Rochester, NY, USA). Any discrepancy between the two radiologists was resolved by reevaluating the
images together and repeatedly measuring the parameters on same section with same window level and width.

The following CT features of pulmonary lesions were analyzed based on the plain CT images because not all the
patients had enhanced CT data: size (the mean of the longest diameter and the perpendicular diameter on axial CT
images), location (upper, middle and lower lobe), shape (regular [round and oval] or irregular), lobulation, spiculation,
boundary (well-defined or ill-defined), R-length, adjacent pleural thickening, and the distance between lesions and pleura.
Lobulation was defined as an abrupt bulging of the contour of the lesion.'” Spiculation sign was defined as linear strands
that extended from the nodule surface into the lung parenchyma without reaching a pleural surface.'” R-length was used
for describing the tightness between lesion and pleura, which was calculated by dividing the length of the longest part
where the lesion touched the pleura on transverse, coronal, or sagittal CT images by the widest part of the lesion that was
parallel to the pleura. R-length >1 indicated broad basement, or it was narrow basement (Figure 1). Pleural thickening
was defined as a visible increase in pleural thickness beyond the normal pleural appearance.'® Following the methodol-
ogy of Ebara and colleagues,'® we measured the lesion-to-pleura distances obtained from transverse, coronal, and sagittal
CT images, and specifically recorded the minimum distance (referred to as D-length) (Figure 1).

Statistical Analysis

Statistical analyses were conducted using SPSS (version 25.0, IBM, NY, USA). Continuous data were presented as mean
+ standard deviation, and categorical data as counts and percentages. Mann—Whitney U-test was used for continuous data
and Pearson chi-square was used for categorical data. Receiver operating characteristic (ROC) curves were constructed to
evaluate the diagnostic accuracy of the D-lengths, and the area under curve (AUC) was utilized to evaluate the predictive
effectiveness. The max Youden index of ROCs with highest AUC was then calculated to identify the diagnostic cutoff
point. Logistic regression analysis was performed to construct models for predicting PLCs. DeLong test was used to
compare the AUCs of the models based on clinical, CT features and relationship between lesions and pleura. A P-value
below 0.05 was considered statistically significant.

Results

Patient’ Clinical Characteristics and CT Features of Lesions

Among the 292 PILs, 241 (82.5%) were confirmed as nonspecific inflammatory lesions, 12 (4.1%) as fungal infections,
and 30 (10.3%) as viral infections, and 9 (3.1%) were completely absorbed during follow-up after anti-inflammatory
treatment. The 501 PLCs consisted of 395 (78.8%) adenocarcinomas, 74 (14.8%) squamous cell carcinomas, 23 (4.6%)
adenosquamous carcinomas, and 9 (1.8%) small cell lung cancers. The patients’ clinical characteristics and CT features
of lesions are listed in Table 1. Compared with PLCs, the PILs were smaller and cases with spiculation and lobulation
sign in them were less common (each P < 0.05).
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Figure | Relationship between lesions and pleura on CT images. For the lesions attached to pleura, R-length is defined as the ratio of the length of the greatest lesion—
pleura interface (red-dashed line) to maximum diameter (blue-dashed line) of the lesion parallel to the pleura. R-length < | indicates narrow basement (a), the corresponding
CT images at right side show a nodule attached to pleura with narrow basement (the length of red dashed line [10.4 mm] is significantly shorter than that of blue dashed line
[23.2 mm]). R-length 2 | indicates broad basement (b), the corresponding CT images at right side show a nodule attached to pleura with broad basement (the length of red
dashed line [16.5 mm] is slightly greater to that of blue dashed line [15.8 mm]). For the lesions not attached to pleura, the distance between lesion and pleura (D-length) is
measured (c). The corresponding CT images at right side show a nodule not attached to pleura, and the vertical distance between the distal edge of nodule and pleura
(arrows) is 12.1 mm.

Relationship Between Lesions and Pleura
Among the 793 lesions, 432 (54.5%) were identified to be attached to the pleura. The numbers of cases attached to pleura
in the PILs and PLCs were 188 (64.4%) and 244 (48.7%), respectively. The lesions attached to pleura were more

Table | The Patients’ Clinical Characteristics and CT Features of Lesions

Indicators PLCs (n =501) | PILs (n =292) | P-value
Gender* 0.456
Male 264 (57.0) 151 (53.9)
Female 199 (43.0) 129 (46.1)
Age (years) 5824 £ 94 55.97 £ 10.6 0.089
Smoking history 0.010
Yes 270 (58.3) 128 (45.7)
No 193 (41.7) 152 (54.3)
(Continued)
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Table | (Continued).

Indicators PLCs (n =501) | PILs (n =292) | P-value
Diameter (mm) 237+74 22+70 0.001
Location 0.118
Upper lobe 272 (54.3) 176 (60.3)
Middle or lower lobe | 229 (45.7) 116 (39.7)
Shape 0.082
Irregular 267 (53.3) 175 (59.9)
Regular 234 (46.7) 117 (40.1)
Spiculation < 0.001
Yes 215 (42.9) 59 (20.2)
No 286 (57.1) 233 (79.8)
Lobulation < 0.001
Yes 342 (68.3) 75 (25.7)
No 159 (31.7) 217 (74.3)
Boundary < 0.001
Well-defined 441 (88.0) 208 (71.2)
lll-defined 60 (12.0) 84 (28.8)
Pleural thickening 0.117
Yes 101 (20.2) 45 (15.4)
No 400 (79.8) 247 (84.6)

Notes: Data are expressed as number (percentage) or mean * standard deviation. *There
were 463 patients with 501 PLCs, and 280 patients with 292 PILs.

common in the PILs than in PLCs (P < 0.001). Among the lesions attached to pleura, number of cases with broad and
narrow basement in the PILs and PLCs were 133 (70.7%) and 55 (29.3%), and 47 (19.3%) and 197 (80.7%), respectively.
Compared with PLCs, lesions with broad basement were more common in PILs (70.7% vs 19.3%, P < 0.001).

Among the 361 lesions with distance between lesions and pleura, 257 (71.2%) were PLCs and 104 (28.8%) were
PILs. The D-lengths of PLCs (mean: 8.3 £ 6.4 mm, range: 0.5 to 29.9 mm) were greater than those of PILs (mean: 13.1 £+
7.3 mm, range: 2.8 to 37.9 mm) (P < 0.001). Based on the D-lengths of total lesions (range: 0.5 to 37.9 mm), these
lesions were categorized into 38 groups with 1 mm interval based the D-length (eg, group 1: D-length <1 mm, group 2:
D-length <2 mm, group 38: D-length <38 mm). Within group 16, the proportions of lesions in PLC group were all
significantly higher than those in PIL group (each P < 0.05), which indicated that the D-length was more effective for
differentiating them among the lesions with a D-length <16 mm. Among the 296 lesions with a D-length <16 mm, the
optimal cutoff value for distinguishing PLCs from PILs obtained by using ROC analysis was <8.9 mm (AUC, 0.733;
sensitivity: 0.770; specificity: 0.623; P < 0.001).

Logistic Regression Model

The regression models were constructed based on the clinical and CT features of lesions with statistical differences.
Positive relationship between lesion and pleura was defined as a narrow basement-to-pleura or a shorter D-length
(8.9 mm). Models A and B for predicting PLCs were performed based on the patients’ clinical characteristics and
CT features of lesions, and a combination of patients’ clinical characteristics, CT features of lesions, and the relationship
between lesion and pleura, respectively. Among the 793 lesions, 65 including 39 PLCs and 26 PILs with a D-length of
>16 mm were not studied in these models because the D-length was not an indicator for distinguishing them. For the
residual 728 lesions, there were significant differences in AUC between model A (AUC: 0.812, 95% CI: 0.773—0.832;
sensitivity: 71.21%, specificity: 78.20%; positive predictive value [PPV]: 85.01%, negative predictive value [NPV]:
61.00%) and model B (AUC: 0.879, 95% CI: 0.853-0.902; sensitivity: 78.35%, specificity: 84.21%; PPV: 89.60%, NPV:
69.13%) (Figure 2). Moreover, model B revealed that smoking history (Odds ratio [OR], 2.194; 95% CI, 1.435-3.354;
P < 0.001), diameter >18.9 mm (OR, 1.004; 95% CI, 1.001-1.007; P < 0.0001), spiculation (OR, 2.590; 95% ClI,
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Figure 2 ROC curves of model A and model B. After incorporating the relationship between lesions and pleura, the performance of model A was significantly improved
(AUC of model (A) 0.812, AUC of model (B) 0.879).

Abbreviation: ROC, receiver operating characteristic; AUC, area under curve.

1.648-4.069; P < 0.001), lobulation (OR, 7.439; 95% CI, 4.851-11.407; P < 0.001), well-defined boundary (OR, 3.708;
95% CI, 2.446-5.622; P < 0.001), and positive relationship between lesion and pleura (OR, 9.433; 95% CI,
6.191-14.374; P < 0.0001) were independent indicators for predicting PLCs (Table 2) (Figure 3).

Table 2 Multivariate Logistic Regression for Predicting PLCs

Variables

Odds Ratio (95% CI)

P-value

Smoking history
Yes
No
Diameter (mm)
2 18.98
<1898
Spiculation
Yes
No
Lobulation
Yes
No
Boundary
Well-defined
lll-defined
Pleural thickening
Yes
No
Relationship with pleura

Positive

Negative

2.194 (1.435-3.354)
[

1.004 (1.001-1.007)
|

2.590 (1.648-4.069)
|

7.439 (4.851-11.407)
|

3.708 (2.446-5.622)
|

0.430 (0.240-0.772)
|

9.433 (6.191-14.374)
|

< 0.001

0.008

< 0.001

< 0.001

< 0.001

0.017

< 0.001
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Figure 3 A 54-year-old male has a solid, well-defined, and slightly lobulated mass (36.5 mm in diameter) located in the left upper lobe with a broad basement to mediastinal
pleura, which is pathologically confirmed as an inflammatory lesion after operation (a, a’). A 48-year-old female has a solid, well-defined, lobulated, and spiculated nodule
(19.5 mm in diameter) located in the left upper lobe with a greater distance to pleura (10.9 mm), which is pathologically confirmed as fungal infection after operation (b, b’).
A 35-year-old female has a spiculated and well-defined solid nodule (15.6 mm in diameter) with air-bronchogram located in the left lower lobe with a narrow basement to
pleura, which is pathologically confirmed as invasive adenocarcinoma after operation (c, c’). A 75-year-old male has a solid and well-defined nodule (18.7 mm in diameter)
located in the left lower lobe with a shorter distance to pleura (0.9 mm), which is pathologically confirmed as invasive adenocarcinoma after operation (d, d’).

Discussion

Pulmonary peripheral lesions, which mainly include PLCs and PILs, often present similar CT manifestations, leading to
frequent misdiagnoses.”® Despite their proximity to the pleura, the relationship between lesion and pleura has not been
thoroughly explored, and its diagnostic value in differentiation remains unclear. This study investigated the contact
pattern of lesions attached to pleura and the distance of lesions not in contact with the pleura to determine their
differentiation potential. The findings revealed that PLCs typically exhibit smaller lesion-pleura gaps or a narrow
basement to pleura, whereas PILs tend to have greater lesion-pleura gaps or a broad basement to pleura. By considering
the lesion-pleura relationships, the diagnostic efficiency of common clinical and CT features was significantly improved.
Therefore, these results strongly suggest that the relationship between peripheral lesions and pleura should be taken into
account when distinguishing them.

Previous studies have extensively investigated the role of morphological features in differentiating PLCs from PILs,
indicating that characteristics such as ill-defined boundary, oval shape, hypodense sign, pleural thickening, and halo sign
are more commonly observed in PILs.>' 2 Moreover, when these features are insufficient for an accurate diagnosis,
incorporating machine learning-based radiomics can enhance diagnostic precision.”**> However, there remains uncer-
tainty regarding which specific feature is most valuable for differential diagnosis. PLCs and PILs demonstrate distinct
relationships with the pleura. Although it has been reported that a broad basement to pleura and embedding in thickened
pleura are predominantly associated with PILs,* their spatial relationship has not been thoroughly investigated.

In this study, it was found that the PLCs frequently had a smaller distance to pleura or a narrow basement. In contrast,
the PILs were generally observed to be either distantly located from the pleura or closely adhered to it with a wide
basement. These characteristics may be related to the occurrence and development of lesions. Previous research has
suggested that pulmonary inflammatory lesions often involve subpleural lung tissue.?’® Furthermore, the abundant
blood supply and lymphatic system beneath the pleura facilitate the rapid spread of inflammation, potentially leading to
absence of narrow lesion-pleura gap but a broad attachment to the pleura.”’ However, lung cancers typically display
a spherical shape that can be round or oval and develop gradually.?’** Their outward expansion and infiltration is
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relatively limited and slow. Thus, PLCs typically maintain a certain gap between lesions and the pleura. Even when they
are in close contact with the pleura due to reaching a certain size, they mainly present with a narrow basement.

Though the lesion-pleura distance is a useful indicator for differentiating PILs and PLCs, its applicability is limited to
cases with a measurable distance. In this study, only cases with a distance less than 16 mm could be effectively
distinguished using this indicator. Within this range, a distance of <8.9 mm suggests a higher likelihood of lung cancer.
This trend may be attributed to PLCs exhibiting a more continuous distance to the pleura than PILs, thus being more
prevalent among lesions with a small distance. In contrast, the observation that being far away from the pleura is
a common feature of both PLCs and PILs. Furthermore, PLCs and PILs may exhibit overlapping manifestations at
different stages. Before extensively involving the lung tissue, PILs may have a narrower basement or a smaller distance
to the pleura, while PLCs could also present with no distance or a broad basement once the lesion reaches a significant
size. Therefore, when differentiating peripheral lesions, it is crucial to consider other CT features as a primary factor,
such as the lobulation sign, with the characteristics of the lesion—pleura relationship serving as a significant supplement.

Through logistic regression analysis, it was determined that smoking history, large diameter, spiculation, lobulation,
well-defined boundary, and a positive relationship with the pleura are all independent indicators of PLCs. Smoking is the
primary risk factor for lung cancer.*' Lung cancers in smokers often grow more rapidly and typically present larger sizes
with malignant features such as spiculation and lobulation at the time of diagnosis.>* As the tumor progresses, the tumor
cells within the lesions become denser and thicker, without causing significant inflammation or exudation in adjacent
tissues.” Consequently, these tumors are usually well defined, and consolidation of surrounding lung tissue or pleural
thickening is rare. In contrast, they generally maintain a small distance from the pleura or exhibit a narrow basement-to-
pleura.

This study had several limitations. First, it was retrospective and conducted at a single center, with the sample size of
confirmed PILs being relatively small. Secondly, as this study solely assessed pulmonary lesions with a diameter
>1.5 cm, the diagnostic significance of the lesion—pleura relationship for smaller solid lesions remains uncertain.
Third, tuberculomas and benign tumors were not included in the study, as they often present distinct features on CT
images. Fourth, patients with only thick-section CT scans were excluded, limiting the applicability of present findings to
thin-section images. Fifth, the enhancement characteristics were not assessed for differentiation, as not all cases under-
went enhanced CT scans. Lastly, since PLCs and PILs with a distance to the pleura >16 mm did not show significant
differences in the lesion—pleura relationship, the findings should not be used to assess their likelihood. Instead, in clinical
practice, these findings should be considered alongside other clinical and imaging features for accurate evaluation.

Conclusion

In addition to patients’ clinical characteristics and morphological CT features of lesions, the relationship between
pulmonary nodules or masses and pleura holds significant diagnostic value in differentiating common pulmonary
peripheral lesions. Among peripheral lesions with a lesion-pleura distance <16 mm, smaller lesion-pleura gaps (<8.9 mm)
or a narrow basement to the pleura serve as indicators of PLCs, whereas PILs tend to exhibit greater lesion-pleura gaps
(>8.9 mm) or a broad basement to the pleura. By incorporating these lesion—pleura relationships, the diagnostic accuracy
of clinical and CT features is notably enhanced. Therefore, when distinguishing larger pulmonary peripheral solid

nodules and masses (>1.5cm), it is essential to consider the relationship between the lesions and the pleura.
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