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Is a 5-mm diameter an appropriate cut-off value for the diagnosis
of atypical adenomatous hyperplasia and adenocarcinoma in situ
on chest computed tomography and pathological examination?
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Background: Preinvasive lesions, such as atypical adenomatous hyperplasia (AAH) and adenocarcinoma
in situ (AIS), usually appear as pure ground-glass nodules (pGGNs) on thin-section computed tomography
(TSCT). AAH is usually less than 5 mm wide on imaging and pathological examinations. We aimed to
determine whether a 5-mm cut-off value was appropriate for the diagnosis of AAH and AIS.

Methods: We retrospectively analyzed the performance of TSCT in evaluating 80 pathologically confirmed
preinvasive lesions (33 AAH lesions in 31 patients and 47 AIS lesions in 45 patients). We compared the
following characteristics between the AAH and AIS groups: lesion diameter, density, rim, lobulation,
spiculation, vacuole sign, aerated bronchus sign, pleural indentation sign, and pathological findings.
Results: All 80 lesions appeared as pPGGNs. On TSCT, the average diameter of AAH lesions (6.0+1.64 mm)
was significantly smaller than that of AIS lesions (8.7+3.16 mm; P<0.001). The area under the curve
(AUCQ) for diameter was 0.792, and the best diagnostic cut-off value was 6.99 mm. On gross pathological
examination, the average diameter of AAH lesions (4.6+1.99 mm) was significantly smaller that of AIS
lesions (6.8+2.06 mm; P<0.001). The AUC was 0.794, and the best diagnostic cut-off value was 4.5 mm. The
vacuole sign was common in AIS (P=0.021). AAH did not significantly differ from AIS (P>0.05) in terms of
average CT value, uniformity of density, morphology, rim, lobulation, spiculation, pleural indentation sign,
and aerated bronchus sign.

Conclusions: Lesion size and the vacuole sign were beneficial in the diagnosis of AAH and AIS. The
vacuole sign was common in AIS. The best diagnostic cut-off value of nodular diameter for differentiating
between AAH and AIS was 6.99 mm on TSCT and 4.5 mm on gross pathology.
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Introduction

The International Multidisciplinary Classification of
Lung Adenocarcinoma was proposed by the International
Association for the Study of Lung Cancer, the American
Thoracic Society, and the European Respiratory Society in
February, 2011 (1). Under this classification, both atypical
adenomatous hyperplasia (AAH) and adenocarcinoma in situ
(AIS) are classified as preinvasive lesions. On imaging, AAH
and most cases of AIS appear as pure ground-glass nodules
(pGGNs). AAH is a precancerous lesion that can lead to lung
adenocarcinoma. About one-third of all AAH cases progress
to AIS and then to minimally invasive adenocarcinoma
(MIA) and finally to invasive adenocarcinoma (2). Since
the International Multidisciplinary Classification of Lung
Adenocarcinoma was introduced in clinical practice, few
studies have investigated whether lesion size, density, and
other morphological characteristics can aid in the detection
of AIS and AAH (3-5). Moreover, the impact of a collapsed
lung after surgical excision on the accuracy of pGGN
evaluation has not been researched. In the present study, we
analyzed 80 preinvasive lesions in 76 patients by using thin-
section computed tomography (TSCT) and pathological
examination in an attempt to improve the diagnostic accuracy
of preinvasive lung lesions and provide valuable information
for clinical treatment.

Methods
Patients

We retrospectively analyzed the data of 76 patients with
80 pathologically confirmed preinvasive lesions that appeared
as pGGNs on imaging in our hospital between January 2013
and January 2016. All patients underwent spiral CT scanning
at least once before the surgery. We compared patient and
imaging characteristics between those with AAH and those
with AIS. This retrospective study was approved by our
institutional review board, which waived informed consent.

CT scanning

CT scans were performed using a Siemens Somatom
Definitions AS+ 128-row and a 64-row multi-slice CT
device (Germany). With the patient in a supine position,
scanning was performed from the apex pulmonis until
the disappearance of both costophrenic angles. Patients
were taught deep inspiration and breath holding before
the examination. Scanning was performed during deep
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inspiration, with no breath holding. The scanning parameters
were as follows: tube voltage, 120 kV; automatic modulation
of tube current; matrix, 512x512; collected thickness, 1.0 mmy;
pitch, 1.0; and conventional slice thickness, 2.0 mm. The
results were constructed with a standard algorithm. 1-mm
targeting scan was performed in partial lesions. The
morphology of the lesion and its relationship with adjacent
structures were evaluated in the sagittal and coronal plane.

CT evaluation

The CT images were independently reviewed by two
experienced radiologists with more than 5 years of diagnostic
experience in chest CT scans. The final conclusion was reached
by consensus. The following imaging characteristics were
evaluated: number of lung nodules, classification of nodules
(solid, pGGN, or partially solid nodule), nodule diameter,
internal characteristics (density, uniformity, mean CT value,
vacuole sign, and air bronchogram sign), and peripheral
characteristics (clear rim, regularity, lobulation, spiculation, and
pleural indentation sign). The nodular diameter was the average
value of the longest maximum cross-section of the lesion
measured by the two radiologists. The region of interest to
measure the CT value of the lesion covered the whole nodule
through the maximum cross-section and avoided blood vessels
and bronchi. The measurement was performed three times each
by the two radiologists, and the average CT value was used.
The vacuole sign is a gassy, lucent shadow measuring <5 mm
in diameter within a lesion; it may be single or multiple. A
spiculated nodule is one with thin, short, straight lines arranged
radially around the nodular rim.

Pathological diagnostic criteria

On gross pathological examination, the maximum diameter of
the lesion was measured using a ruler. The measurement was
repeated three times, and the average value was calculated.
AAH is a small (usually <0.5 cm), limited, mild-to-moderate
atypical proliferation of type II alveolar epithelial cells and/or
Clara cells in the alveolar wall or the respiratory bronchiolar
wall. AIS is a small (<3 c¢m), localized adenocarcinoma that
grows along preexisting alveolar structures (lepidic growth)
and lacks stromal, vascular, or pleural invasion.

Statistical analysis

Data were analyzed using SPSS v16.0 software. Differences
in the diameters measured on TSCT and gross pathological
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Figure 1 A 63-year-old woman. (A) Conventional TSCT shows a pGGN in the right upper lung lobe, with a diameter of 5.8 mm and a

mean CT value of about -633 HU. It has a clear rim, uniform density; (B) a paraffin section showing a consolidation area with a diameter

of 4 mm in the right upper lung lobe. On microscopic examination, most of the alveolar epithelium is shedding, and atypical epithelial

hyperplasia is seen. These tissue changes are considered as AAH (HE, x400). TSCT, thin-section computed tomography; pGGN, pure

ground-glass nodule; AAH, atypical adenomatous hyperplasia.

examination between AAH and AIS were statistically analyzed
using the Wilcoxon paired test. Significant results were then
analyzed using a receiver operating characteristic (ROC) curve
to determine the best cut-off value and measure the area under
the curve (AUC). Differences in mean CT value and ages
between the AAH and AIS groups were statistically analyzed
using the independent-samples #-test. Characteristics such as
lobular structure were analyzed using the Pearson ¥’ test. When
the sample number was less than 40 or the theoretical frequency
was 1 or more but less than 5, a correction formula was applied.
When the sample number was less than 40 or the theoretical
frequency was less than 1, the Fisher exact test was applied.
P<0.05 was considered to indicate significant differences.

Results
General characteristics

Of the 76 patients, 31 had AAH (33 pGGNs; 9 men and
22 women; mean age, 53.2 years; range, 33-73 years).
The AAH lesions were detected on routine examination
or examination for other diseases in 22 patients (Figure I).
In two patients, the lesions were first detected during a
postoperative review for lung cancer. In seven patients,
the lesions were detected during investigation for
dyspnea and cough. The remaining 45 patients had AIS
(47 pGGNs; 17 men and 28 women; mean age, 53.8 years;
range, 19-77 years) (Figure 2). The lesions were detected
on routine examination or examination for other diseases
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in 33 patients, on postoperative review of lung cancer in
3 patients, and on investigation for dyspnea and cough in
9 patients.

Both AAH and AIS were common in middle-aged and
elderly people, especially women (Table 1). No statistical
differences were found in age and sex between the AAH and

AIS groups (P>0.05).

Internal and peripberal characteristics of AAH and AIS

Among the 31 AAH patients, 29 had a single lesion, while
two had multiple lesions. The mean CT value of the
33 pGGNs was -607.07+87.67 HU. There were 7 cases
of uniform density (21.2%), 32 cases of clear rim (97%),
27 cases of regular shape (81.8%), 3 cases of lobulation
(9.1%), 5 cases of spiculation (15.2%), and 3 cases of
pleural indentation (9.1%). Among the 45 AIS patients,
33 had a single lesion, while 12 had multiple lesions. The
mean CT value of the 47 lesions was -592.46+106.67 HU.
There were 12 cases of uniform density (25.5%),
40 cases of clear rim (85.1%), 34 cases of regular shape
(72.3%), 9 cases of vacuole sign (19.1%), 10 cases
of lobulation (21.3%), 4 cases of spiculation (8.5%),
7 cases of pleural indentation sign (14.9%), and 3 cases of air
bronchogram sign (6.4%). There was a statistically significant
difference in TSCT diameter and vacuole sign between the
AAH and AIS groups (P<0.001 and P=0.021, respectively).

Both the vacuole sign and the air bronchogram sign were
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Figure 2 A 52-year-old woman. (A) Conventional TSCT shows a pGGN in the right upper lung lobe with a diameter of 12 mm and a mean

CT value of about -594 HU. It has a clear boundary, regular shape; (B) a paraffin section showed a 10-mm nodule in right upper lung lobe,

which is confirmed as AIS on microscopic examination (HE, x200). TSCT, thin-section computed tomography; pGGN, pure ground-glass

nodule; AIS, adenocarcinoma in situ.

Table 1 General characteristics

Types AAH AIS P value
Cases 31 45 -
Age (xxs) years old 53.2+8.9 53.8+12.6 0.815
Sex 0.430
Male 9 17
Female 22 28

AAH, atypical adenomatous hyperplasia; AlS, adenocarcinoma in
situ.

only observed in the AIS group (Table 2).

Comparison of nodular diameter between AAH and AIS

On TSCT, the average diameter of AAH lesions (6.0
1.64 mm; range, 3.0-9.7 mm) was significantly lower than
that of AIS lesions (8.7£3.16 mm; range, 3.5-19.2 mm;
P<0.001). On gross pathological examination too, the
average diameter of AAH lesions (4.6+1.99 mm; range, 2.0-

10.0 mm) was significantly lower than that of AIS lesions
(6.8+2.06 mm; range, 4.0-14.0 mm; P<0.001; Table 3).

Comparison of nodular diameters measured using TSCT

and gross pathology

The nodular diameter measured using TSCT was
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significantly greater than that measured on gross
pathological examination in the case of both AAH (6.0+1.64
vs. 4.6x1.99 mm) and AIS (8.7+3.16 vs. 6.8+2.06 mm;
P<0.001). This difference was also maintained in the
overall cohort of all 80 preinvasive lesions (7.5+2.88 wvs.
5.9+2.31 mm; P<0.001; Table 4).

ROC curve analysis of AAH and AIS diameters measured
using TSCT and gross pathology

ROC curve analysis indicated that the AUC of nodular
diameter as measured on TSCT was 0.792 (95% confidence
interval: 0.693-0.891). The best diagnostic cut-off value
correlated with the highest Youden index, and was 6.99 mm
(sensitivity, 76.6%; specificity, 78.8%; Figure 3).

The AUC of nodular diameter as measured on gross
pathological examination was 0.794 (95% confidence
interval: 0.689-0.899). The best diagnostic cut-off value
correlated with the highest Youden index, and was 4.5 mm
(sensitivity, 93.6%; specificity, 60.6%; Figure 4).

Discussion

With the wide application of spiral CT, improved awareness
of medical examinations among the public, and an increase
in air pollution, the detection rate of pulmonary nodules,
especially GGNs, has been steadily increasing. These
GGNs, were single or multiple, or accompanied with
pulmonary solid nodules (mostly lung cancer). Most of
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Table 2 Internal and peripheral characteristics of 80 pGGNs on CT findings

CT findings AAH, n=33 (%) AlS, (n=47) (%) P value
Mean CT value (HU) 0.544

—-200 to —300 0(0) 1(2.1)

-301 to —400 1(3.0) 2 (4.3

-401 to -500 2 (6.1) 5(10.6)

-501 to —600 13 (39.4) 15 (31.9)

-601 to —700 14 (42.4) 18 (38.3)

-701 to —800 3(9.1) 6(12.8)
Density uniformity 7(21.2) 12 (25.5) 0.655
Solitary lesion 29 (87.9) 33(70.2) 0.062
Clear rim 32 (97.0) 40 (85.1) 0.173
Regular shape 27 (81.8) 34 (72.3) 0.327
Vacuole sign 0(0) 9(19.1) 0.021
Lobulation 3(9.1) 10 (21.3) 0.146
Spiculation 5(15.2) 4 (8.5) 0.571
Pleural indentation 3(9.1) 7 (14.9) 0.668
Air bronchogram 0 (0) 3(6.4) 0.378

pGGN, pure ground-glass nodule; AAH, atypical adenomatous hyperplasia; AlS, adenocarcinoma in situ.

Table 3 Comparison of nodular diameter between AAH and AIS

TSCT

Gross pathology

Nodular diameter (mm)

AAH (n=33) (%) AIS (n=47) (%) P value AAH (n=33) (%)  AIS (n=47) (%) P value
<5.00 7 (1.2 3 (6.4) <0.001 22 (66.7) 14 (29.8) <0.001
5.1-7.0 20 (60.6) 20 (42.6) 9(27.3) 21 (44.7)

7.1-9.0 4 (12.1) 12 (25.5) 1(3.0) 5(10.6)

9.1-11.0 2 (6.1) 7 (14.9) 1(3.0) 6 (12.8)

11.1-15.0 0(0) 3 (6.4) 0(0) 1@.1)

15.1-20.0 0(0) 2(4.2) 0(0) 0(0)

X+s 6.0+1.64 8.7+3.16 4.6+1.99 6.8+2.06

AAH, atypical adenomatous hyperplasia; AlS, adenocarcinoma in situ; TSCT, thin-section computed tomography.

the nodules were small, with a diameter of <10 mm. The
management of these GGNs, including early diagnosis,
treatment, long-term follow-up, psychological factors,
radiation dose, cost, and other patient problems, often
encountered in clinical practice, must be explored.

The Fleischner Society (6) recommends that pGGNs
with a diameter of <5 mm do not need CT follow-up, while
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those with a diameter of >5 mm require annual review
for 3 years. However, other reports indicate that most
continuously existing pGGNs with a diameter of <5 mm
are AAH; in fact, at least one-third of pGGNs
gradually increase in size and/or density during follow-
up (2). Furthermore, most postoperative specimens
are pathologically confirmed as AIS, MIA, or invasive

7 Thorac Dis 2018;10(Suppl 7):S790-S796
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Table 4 Comparison of nodular diameter between T'SCT and gross pathology

AAH (n=33) (%)

AIS (n=47) (%) AAH + AIS (n =80) (%)

Nodule diameter (mm)
TSCT Gross P value TSCT Gross P value TSCT Gross P value
pathology pathology pathology
<5.00 7(21.2) 22 (66.7) <0.001 3(6.4) 14 (29.8) <0.001 10 (12.5) 36 (45.00  <0.001
5.1-7.0 20 (60.6) 9 (27.3) 20 (42.6) 21 (44.7) 40 (50.0) 30 (37.5)
7.1-9.0 4(12.1) 1(3.0) 12 (25.5) 5(10.6) 16 (20.0) 6 (7.5)
9.1-11.0 2 (6.1) 1(3.0) 7 (14.9) 6(12.8) 9 (11.3) 7 (8.7)
11.1-15.0 0(0) 0(0) 3(6.4) 12.1) 3(3.7) 1(1.3)
15.1-20.0 0 (0) 0 (0) 2(4.2) 0(0) 2(2.5) 0 (0)
X+S 6.0+1.64 4.6+1.99 8.7+3.16 6.8+2.06 7.5+2.88 5.9+2.31
TSCT, thin-section computed tomography; AAH, atypical adenomatous hyperplasia; AlS, adenocarcinoma in situ.
1.0 1.0
0.8F 0.8}
2 2
= 06 = 0.6}
$ 0.4} $ 0.4F
AUC =0.792 AUC =0.794
0.2 0.2
L L L L OO L L 1 L
0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Figure 3 ROC curve of AAH and AIS diameters as measured on
TSCT. ROC, receiver operating characteristic; AAH, atypical
adenomatous hyperplasia; AIS, adenocarcinoma in situ; TSCT,

thin-section computed tomography.

adenocarcinoma (3,7-10). These reports are consistent
with our clinical findings. Therefore, regular follow-up of
pGGNs is necessary. Early detection and treatment can
greatly improve prognosis. In our study, the preinvasive
lesions were mostly located around lung cancer, and were
mostly treated using surgical resection at the same time.
The imaging and pathological characteristics of
AAH and AIS have been illustrated in the International
Multidisciplinary Classification of Lung Adenocarcinoma
published in 2011 (1): these lesions appear as small pGGNs
(AAH diameter, usually <5 mm; AIS diameter, <3.0 cm).
In our study, both AAH and AIS appeared as pGGNs, which
is consistent with previous reports (7,8). In our study, lesion
size was an independent factor for the diagnosis of malignant
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Figure 4 ROC curve of AAH and AIS diameters as measured
on gross pathological examination. ROC, receiver operating
characteristic; AAH, atypical adenomatous hyperplasia; AIS,

adenocarcinoma in situ.

lesions, with larger lesions having a greater chance of being
malignant; this is consistent with the findings of previous
studies (9,10). In our study, the difference in AAH diameter
as measured using TSCT and gross pathology was 1.4 mm,
while the difference for AIS was 1.7 mm. The reason for
this difference may be that the postoperative collapsed
lung affects the accuracy of the measurement, resulting in a
larger diameter on TSCT. The best cut-off value of nodular
diameter was 6.99 mm on TSCT and 4.5 mm on gross
pathology, both of which differ from the 5-mm diameter
recommended in the International Multidisciplinary
Classification of Lung Adenocarcinoma. Therefore, the
impact of imaging and gross pathological findings should
take into consideration during the diagnosis of AAH and AIS.
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In our study, the vacuole sign was only seen in the AIS
group. The vacuole sign is a gassy, lucent shadow with
a diameter of <5 mm, which is common in early lung
adenocarcinoma. Thus, the vacuole sign can aid in the
differentiation between AAH and AIS.

The 2011 International Multidisciplinary Classification
of Lung Adenocarcinoma also states that AAH is the earliest
preinvasive lesion of lung adenomatous carcinoma detected
on TSCT and characteristically exhibits very blurred
pGGNs. While the typical appearance of AIS is pGGN,
few cases also appear as solid nodules or consolidation. The
density of AIS is slightly higher than that of AAH (1). In
our study, both AAH and AIS appeared as pGGNs with
a slight difference in mean CT values (15 HU). The
density of AIS was slightly higher than that of AAH.
In addition, AAH did not differ from AIS in terms of
average CT value, uniformity of density, shape, rim,
lobulation, spiculation, pleural indentation sign, and
aerated bronchus sign.

The main shortcoming of our study is the small sample
size. We intend to expand more cases in the future and
summarize the findings in a larger sample size.

In conclusion, most AAH and AIS lesions appeared as
pGGNs. Lesion size and the vacuole sign are beneficial in the
diagnosis of AAH and AIS. The vacuole sign was common
in AIS. There was a slight difference in mean CT value (15
HU) between AAH and AIS. The density of AIS was slightly
higher than that of AAH. The best diagnostic cut-off value of
nodular diameter for differentiation between AAH and AIS
was 6.99 mm on TSCT and 4.5 mm on gross pathology.
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