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Purpose: To investigate the clinical and computed tomography (CT) characteristics of
absorbable pulmonary solid nodules (PSNs) and to clarify CT features for distinguishing
absorbable PSNs from malignant ones.

Materials and Methods: From January 2015 to February 2021, a total of 316 patients with
348 PSNs (171 absorbable and 177 size-matched malignant) were retrospectively enrolled.
Their clinical and CT data were analyzed and compared to determine CT features for
predicting absorbable PSNs.

Results: Between absorbable and malignant PSNs, there were significant differences in
patients’ age, lesions’ locations, shapes, homogeneity, borders, distance from the pleura,
vacuoles, air bronchograms, lobulation, spiculation, halo sign, multiple concomitant nodules
and pleural indentation (each P < 0.05). Multivariate analysis revealed that the independent
predictors of absorbable PSNs were the following: patient age <55 years (OR, 2.660; 95%
ClI, 1.432-4.942; P = 0.002), homogeneous density (OR, 2.487; 95% CI, 1.107-5.590; P =
0.027), ill-defined border (OR, 5.445; 95% CI, 1.661-17.846; P = 0.005), halo sign (OR,
3.135; 95% CI, 1.154-8.513; P = 0.025), multiple concomitant nodules (OR, 8.700; 95% CI,
4.401-17.197; P<0.001), and abutting pleura (OR, 3.759; 95% CI, 1.407-10.044; P = 0.008).
The indicators for malignant PSNs were the following: lobulation (OR, 3.904; 95% CI,
1.956-7.791; P<0.001), spiculation (OR, 4.980; 95% CI, 2.202-11.266, P<0.001), and
pleural indentation (OR, 4.514; 95% CI, 1.223-16.666; P = 0.024).

Conclusion: In patients younger than 55 years, PSNs with homogeneous density, ill-defined
border, halo sign, multiple concomitant nodules, and abutting pleura should be highly
suspected as absorbable ones.
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Introduction

With the widespread application of multislice spiral CT in screening for lung cancer,
pulmonary nodules are being detected more frequently.' Detected nodules can be
divided into solid nodules and subsolid nodules on CT images according to whether or
not the lung parenchyma is completely covered by the nodule.** Solid nodules are
more common than subsolid ones.® Most indeterminate pulmonary solid nodules
(PSNs) are benign, and some may be granulomas, infectious lesions, or enlarged
lymph nodules, which may decrease in size or be absorbed during follow-up.’
Among these, some nodules that could completely disappear during follow-up either
spontaneously or during/after antimicrobial therapy were described as absorbable
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PSNs. By contrast, some PSNs are stable or continue grow-
ing with various volume doubling times, and these are more
likely malignant.®

Clinically, management of absorbable and malignant
PSNs is quite different. Absorbable PSNs generally do
not require special intervention but are easily misdiag-
nosed as malignancies on first detection. Therefore, it is
necessary to distinguish absorbable PSNs from malignant
ones. Previous studies have confirmed that PSNs with
certain CT manifestations, such as lobulation, spiculation,
and pleural indentation, had a high probability of
malignancy.” "> There have been several studies of the
CT features of absorbable nodules, but most of them
have focused on part-solid nodules.>'*!”

To date, two studies have focused on absorbable
PSNs.”® Diederich et al® studied the CT features of resol-
ving nodules with a big portion of PSNs and found that
most of them were peripheral, well-defined, and nonlobu-
lated. Zhao et al’ compared the CT characteristics of
resolving and nonresolving PSNs, and found that more
resolving PSNs were nonperipheral and spiculated.
However, the CT manifestations of absorbable PSNs
enrolled in these two studies were not comprehensively
evaluated, their results were inconsistent, and there was no
comparison between absorbable and malignant PSNs.
Thus, it is necessary to further explore the CT features of
absorbable PSNs for better understanding them and redu-
cing misdiagnosis. The purpose of this study is to investi-
gate the clinical and CT characteristics of absorbable PSNs
and to clarify CT features for distinguishing absorbable
PSNs from malignant PSNs.

Patients and Methods

Patients

This retrospective study was approved by the institutional
review board of the First Affiliated Hospital of Chongqing
Medical University, and the requirement for informed
consent was waived.

From January 2015 to February 2021, absorbable PSNs
and size-matched malignant PSNs were retrospectively col-
lected. The inclusion criteria for absorbable PSNs were as
follows: 1) nodules larger than 5 mm but smaller than 3 cm,
and 2) nodules that were completely absorbed during fol-
low-up either spontaneously (118 patients) or during/after
antimicrobial therapy (21 patients). The malignant PSNs
were all surgically resected and pathologically confirmed.
The exclusion criteria for absorbable and malignant PSNs

were as follows: 1) absence of thin-section CT (<1mm) data
and 2) presence of artifacts on CT images affecting evalua-
tion. Finally, a total of 348 PSNs were evaluated, including
171 absorbable and 177 malignant PSNs in 316 patients.

CT Examinations
Patients were examined using one of the following CT scan-
SOMATOM Perspective (Siemens Healthineers,
SOMATOM  Definition Flash
(Siemens Healthineers, Erlangen, Germany), or Discovery
CT750 HD (GE Healthcare, Milwaukee, W1, USA).

To minimize breathing artifact, all CT scans were per-

ners:

Erlangen, Germany),

formed at the end of inspiration, during a single breath-
hold. The scan range was from the thoracic entrance to the
costophrenic angle. Plain CT scan was acquired with the
following settings: tube voltage, 110-130 kVp; tube cur-
rent 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; recon-
struction slice thickness and interval, 0.625 or 1 mm;
matrix, 512x512. All images were reconstructed into
0.625 or Imm slice thickness using a standard algorithm
or medium-sharp algorithm.

Image Analysis

All CT images were reviewed by two senior chest radiol-
ogists who were blinded to the clinical data, follow-up CT
results, and pathology results. The CT data were analyzed
on a PACS workstation (Carestream Vue PACS) with lung
window settings (window level, —600 HU; window width:
1500 HU). Any discrepancy between the two radiologists
was resolved by consensus.

The following CT features of absorbable and malignant
PSNs were analyzed: 1) nodule size (the mean of the
longest diameter and the perpendicular diameter on axial
CT images), 2) location (upper lobe, middle lobe, or lower
lobe), 3) shape (round, oval, or irregular), 4) homogeneity
in density (homogeneous or heterogeneous), 5) border
(well-defined or ill-defined), (f) distance from the pleura
(subpleural, non-subpleural, or abutting pleura), 6) conco-
mitant multiple nodules in other lung fields (yes or no),
and 7) other signs (vacuole sign, air bronchogram, lobula-
tion, spiculation, halo sign and pleural indentation).
According to the shortest distance between nodule and
adjacent pleura, PSNs were divided into non-subpleural
(>10 mm), subpleural (>0 mm and <10 mm), and abutting
pleura (0 mm), respectively.
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Statistical Analysis

The patients’ clinical data and CT features of PSNs were
statistically analyzed using the SPSS software package (ver-
sion 22.0, IBM). Continuous variables were expressed as
mean + standard deviation, and categorical variables were
expressed as number and percentage. For comparing differ-
ences in variables between absorbable and malignant PSNs,
the Mann—Whitney U-test was used for patients’ ages and
nodules sizes, and the Pearson chi-square test was used for
gender, smoking history, and frequencies of different CT
features. Variables with statistical difference in univariate
analysis were further included in logistic regression analysis
for determining independent factors for predicting absorb-
able and malignant PSNs. A P-value of <0.05 was considered
to indicate a statistically significant difference.

Results

Patients’ Clinical Characteristics
Among the 316 patients, there were 148 men and 168
women, and the mean age was 55.49 + 12.25 years (range,
19-85 years). For 171 absorbable PSNs in 139 patients, the
mean follow-up time was 265.88 + 270.94 days (range: 5—
1802 days), and the absorption of the PSNs was as follows:
47 (27.49%) within 3 months, 88 (51.46%) within 6
months, 103 (60.23%) within 9 months, 129 (75.44%)
within 12 months, 146 (85.38%) within 15 months, 154
(90.06%) within 18 months. The 177 malignant PSNs in
177 patients included 8 (4.52%) adenocarcinoma in situ, 5
(2.82%) microinvasive adenocarcinoma, 160 (90.40%)
invasive adenocarcinoma, 1 (0.56%) atypical carcinoid, 1
(0.56%) small cell lung cancer, 1 (0.56%) alveolar cell
carcinoma, and 1 (0.56%) squamous cell carcinoma.
Patients with absorbable PSNs were significantly
younger than those with malignant ones (52.61 + 13.78
years vs 57.75 + 10.38 years, P = 0.001). However, there
were no significant differences in gender (P = 0.802) and
smoking history (P = 0.493) between these two groups.

CT Characteristics of PSNs

The CT manifestations of the absorbable and malignant
PSNs are summarized in Table 1. There was no significant
difference in nodule size between them (P = 0.117).
Compared with malignant PSNs, absorbable ones were
more round or oval, homogeneous, ill-defined, distributed
in the lower lobe, abutting pleura, and having halo sign and
multiple concomitant nodules (each P < 0.05). By contrast,
vacuole sign, air bronchogram, lobulation, spiculation, and

Table | CT Characteristics of Absorbable and Malignant
Nodules
Characteristics Absorbable Malignant P value
PSNs PSNs
(n=171) (n=177)
Size (mm) 9.96 * 3.63 10.12 + 2.67 0.117
Multiple concomitant 0.000
nodules

No 66 (38.60) 149 (84.18)

Yes 105 (61.4) 28 (15.82)

Lobe location 0.039

Upper lobe 71 (41.52) 93 (52.54)

Middle lobe 12 (7.02) 22 (12.43)

Lower lobe 88 (51.46) 62 (35.03)

Shape 0.002

Round/oval 164 (95.91) 153 (86.44)

Irregular 7 (4.09) 24 (13.56)
Homogeneity in 0.000
density

Homogeneous 138 (80.70) 107 (60.45)

Heterogeneous 33 (19.30) 70 (39.55)

Border 0.001

Well-defined 146 (85.38) 170 (96.05)

lll-defined 25 (14.62) 7 (3.95)

Distance to pleura

Abutting pleura 44 (25.73) 8 (4.52) 0.000

Subpleural/non- 127 (74.27) 169 (95.48)

subpleural
Other signs

Vacuole 9 (5.26) 20 (11.30) 0.042

Air bronchogram 15 (8.77) 28 (15.82) 0.046

Lobulation 27 (15.79) 92 (51.98) 0.000

Spiculation 14 (8.19) 74 (41.81) 0.000

Halo sign 39 (22.81) 9 (5.08) 0.000

Pleural indentation 4 (2.34) 28 (15.82) 0.000

Notes: Except where indicated, data are expressed as number (percentage) or
mean * standard deviation.
Abbreviation: PSN, pulmonary solid nodules.

pleural indentation were more common in malignant PSNs
(each P < 0.05). Moreover, for PSNs abutting pleura, most
of the absorbable ones had a broad basement (34, 77.27%),
while acute angles between the malignant PSNs and pleura
were usually observed (7, 87.50%).

Multiple Analysis for Absorbable and
Malignant PSNs

The independent factors for distinguishing absorbable and
malignant PSNs revealed by logistic regression are
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summarized in Table 2. Patients younger than 55 years,
PSNs with homogeneous density, ill-defined border, halo
sign, multiple concomitant nodules, and abutting pleura
were independent factors for predicting absorbable PSNs
(P < 0.05) (Figure 1), while lobulation, spiculation, and
pleural indentation were shown to be significantly asso-
ciated with malignant PSNs (P < 0.05) (Figure 2).

Discussion

It is well known that a substantial proportion of pulmonary
nodules is found in lung cancer screening is benign, mostly
caused by inflammation or hemorrhage, and usually disap-
pears during follow-up.®'® In clinical practice, some absorb-
able PSNs may be misdiagnosed as malignancies, which
require markedly different clinical management. Therefore,

understanding the differences between absorbable and malig-
nant PSNs is very important. The present study found that
absorbable PSNs were usually detected in patients younger
than 55 years, with homogeneous density, ill-defined border,
halo sign, multiple concomitant nodules, and abutting pleura.
By contrast, malignant PSNs usually had lobulation, spicula-
tion and pleural indentation.

It has been reported that the incidence of malignant pul-
monary nodules increases with age as immunity decreases and
total exposure to carcinogens increases.'”?° In this study,
patients younger (<55 years) was an independent predictor
of absorbable PSNs, consistent with earlier findings.'*
However, there was no significant difference for gender and
smoking history between patients with absorbable and malig-
nant PSNs. Thus, only age may be an important clinical factor
in determining whether nodules are absorbable or malignant.

Owing to the growth mode of malignant tumors, retained

Table 2 Multivariate Logistic Regression for Predicting airspace, dilated bronchioles, and the presence of vacuoles
Absorbable PSNs make malignant PSNs more likely to be heterogeneous.?! In
Variable Odds Ratio (95% CI) | P value contrast, most absorbable PSNs are caused by inflammation,
Age 0.002 accumulating of inflammatory cells and exudation in the cen-
>55 years | tral zone, and spread to the surrounding lung tissue, making
<55 years 2.660 (1.432, 4.942) them homogeneous but ill-defined. In this study, more absorb-
Multiple concomitant nodules 0.000 able PSNs than malignant ones had homogeneous density, ill-
No | defined border, and halo sign, which were independent pre-
Yes 8.700 (4.401, 17.197) dictors. However, the incidence of latter two features was
Homogeneity in density 0.027 ?elatively .infrequent, whic? may reﬂect different stages of
Heterogeneous | inflammation, corresponding to different CT features.
Homogeneous 2.487 (1.107, 5.590) A previous study showed that a higher percentage (23%) of
Border 0.005 resolving nodules were ill-defined,® and this may be due to its
Well-defined | inclusion of some part-solid nodules. Thus, a homogeneous
lll-defined 5.445 (1.661, 17.846) PSN with ill-defined border or halo sign should first be sus-
pected as a benign lesion.

Distance to pleura 0.008 . . . . .
Subpleural/ non-subpleural | Lobulation, spiculation, and pleural indentation were
Abutting to pleura 3.759 (1407, 10.044) more likely to be detected in malignant pulmonary tumors

. because of the different growth rate in different directions,

Lo:lu;atlon 3.904 (1956, 7.791) 0000 obstruction of surrounding structures, tumor cells invading
Yes | peripheral tissues, and scar contraction.'®'* The current

study also found that lobulation, spiculation, and pleural

Spi;u'ation 4980 (2202, 11266 0.000 indentation more frequently occurred in malignant PSNs.
Ye(: 0@ | - 11:266) However, Zhao et al’ found that the incidence of lobula-

tion was not significantly different between resolving and

Hall\c;:ign | 0025 nonresolving PSNs, and that spiculation was more com-
Yes 3.135 (1.154, 8.513) mon in resolving PSNs. These discrepancies with our

findings may reflect the different sampling methodologies

Pleural indentation 0.024 used. In their study, the malignant PSNs accounted for
::e 2 A1 (I'Zfl 16:666) only 3.11% of nonresolving nodules. Therefore, we

believe that lobulation, spiculation, and pleural indentation
2936 https: Journal of Inflammation Research 2021:14
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Figure | Absorbable PSNs on CT images. (A) Axial CT image in a 50-year-old male shows a round, homogeneous, and well-defined PSN that has a halo sign (arrows) and
abuts pleura with a broad basement located in the right upper lobe. (B) It had disappeared at I-month follow-up. (C) Axial CT image in a 65-year-old female shows multiple,
round or oval, ill-defined PSNs (arrow) located in the bilateral lower lobes. (D) They had disappeared at |0-month follow-up.

Figure 2 Malignant PSN on CT image. Axial CT image in a 76-year-old male shows
a lobulated, heterogeneous, and well-defined PSN with air bronchogram, spicula-
tion, and pleural indentation located in the right upper lobe. It was confirmed as
invasive adenocarcinoma after surgical resection.

are useful for distinguishing absorbable PSNs from malig-
nant ones, and their value for discriminating between
malignant and benign PSNs should be further verified.
Zhao et al’ reported that nonperipheral PSNs were more
likely to be absorbable than peripheral ones. However, this
study showed that absorbable PSNs were more prone to abut-
ting pleura than malignant ones and that 77.27% of them had
a broad basement, which was consistent with the CT features
of inflammatory lesions.?* Inflammation frequently involves
subpleural lung tissues because of abundant alveoli. The ease
of spread into distal tissue may account for these differences.
The present study discovered that multiple concomitant
nodules in other lung fields was an important predictor of
PSN, 10,16

Therefore, when an indetermined PSNs is found, concomitant

absorbable similar to previous findings.

nodules in other lung fields should be evaluated.
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There are several limitations in our study. First, his-
tological evidence could not be obtained for absorbable
nodules, and their pathological basis could only be
speculated based on CT features. Second, the follow-up
period of patients with absorbable PSNs was irregular in
this retrospective study, so the exact absorption time of
nodules could not be determined. Zhao et al’ reported
that more than 75% of resolving PSNs nodules disap-
peared within 3 months. In this study, 51%, 75%, and
90% of absorbable PSNs disappeared within 6, 12, and
18 months, respectively. Thus, follow-up after initial CT
examination could exclude a considerable number of
benign lesions. It is recommended that the follow-up
intervals for patients with suspected absorbable PSNs
should be 3, 6, 12, and 18 months based on their
changes. Third, this study only included PSNs lager
than 5 mm because those less than 5 mm were numerous
and the preferred treatment for them was follow-up.

In conclusion, absorbable PSNs showed different CT
features from malignant ones. Homogeneous density, ill-
defined border, halo sign, multiple concomitant nodules,
and abutting pleura have great value in determining
whether PSNs are possibly absorbable. In contrast, lobula-
tion, spiculation, and pleural indentation frequently indi-
cate malignant PSNs. Understanding the differences in CT
features between absorbable and malignant PSNs will be
helpful in differentiating nodules and directing subsequent

treatment, avoiding unnecessary surgical resection.
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