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Abstract: This study aims to explore the relationship between the imageological characteristics and the pathological
patterns in patients with mini-nodule lung cancer, and to investigate the threshold value for predicating the patho-
logical patterns with invasive characteristic from the imageological aspect. A total of 137 lung cancer patients were
selected to record the characteristics of the maximum diameter, density, blood-supply, vacuole and mini-lobules and
analyze their relationships with pathological patterns. Receiver Operating Characteristic (ROC) analysis was applied
to predicate the threshold value of lung cancer invasiveness. There were significant differences in the maximum
diameter, density, blood supply, sublobe, burr and pleural indentation syndrome of the nidi in lung cancer patients
with different pathological patterns (P<0.05 or P<0.01). Further analysis on the relationships between the above
characteristics and lung cancer invasiveness showed that lung cancer invasiveness was in moderate correlation
with the nodular density (r=0.589, P=0.000), in low connection with nodular size (r=0.368, P=0.000) and in ex-
tremely weak association with blood supply, sublobe, burr and pleural indentation syndrome (r<0.3). ROC analysis
on the nodular size and density indicated that the area under ROC curve, sensitivity and specificity of nodular size
were 0.700, 0.861, and 0.431 respectively, with threshold value being 12.50 mm, while those of nodular density
were 0.831, 0.806 and 0.769, with threshold value being 37.50%, respectively. Imageological characteristics, es-
pecially the nodular size and density, have certain predictable value in the invasiveness of mini-nodule lung cancer.
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Introduction given in the early micro-damage of primary can-
cer, the recovery rate could be up to 100% [5].
Therefore, the early detection and cognition of
lung cancer is of critical significance in improv-

ing the patients’ survival rate [6].

Lung cancer, which is also called bronchial lung
cancer because most of it is derived from the
bronchial epithelium, is a kind of malignant
tumor with the highest morbidity across the

whole world [1, 2]. Because of the absence of
specific clinical manifestation in the early stage
of lung cancer and effective early diagnostic
methods, 80% patients are in middle and
advanced stage when diagnosed, thus leading
to huge therapeutic cost but slight survival ben-
efits [3]. It was reported that lung cancer-relat-
ed death accounted for 23.8% of all cancer-
associated death, and the 5~10-year survival
rate of patients with lung cancer was only
8~14% [4]. In another study, the 5-year survival
rate of the patients with lung cancer received
early diagnosis and treatment was increased
from 14% to 49%, which was even >70% in
stage | A patients, and if treatment could be

Early lung cancer is usually represented by lung
nodules that are defined as the round or quasi-
circular dense regions with diameter <30 mm in
lung parenchyma [7]. At present, the primary
methods for the diagnosis of lung nodules
include various imageological methods such as
X-ray and computed tomography (CT), etc.
However, due to the complex structure of lung,
different shapes and sizes of lung nodules and
the similarities of CT value of lung nodules to
that of some other lung tissues, the early or
smaller nodular nidi can be easily confused
when being overlapped with the vascular imag-
es, thus leading to the difficulty in finding the
lung nodules and resulting in the subjective and
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objective misdiagnosis. In recent years, with
the continuous update and improvement of CT
devices, imaging software and scanning tech-
niques, the accuracy and reliability are signifi-
cantly promoted, especially the popularization
of low-dose spiral CT that markedly increases
the detection rate of lung nodules, the mini-
nodules in particular [8]. To further distinguish
the property of lung nodules, analyze the rela-
tionships between the morphological charac-
teristics of mini-nodule nidi and the pathologi-
cal patterns and to seek a reliable threshold
value to predicate the low- and high-invasive-
ness lung cancer, this study diagnosed the ima-
geology of patients with lung cancer and com-
pared them with the pathological diagnostic
results.

Materials and methods
General data

This study was approved by the Ethnic
Committee of Zhumadian Central Hospital and
all informed consent forms were signed by the
patients and (or) their families. A total of 137
patients with lung cancer admitted in
Zhumadian Central Hospital from October,
2009 to February, 2015 were selected as study
objects. All patients were diagnosed as non-
small cell lung cancer (NSCLC) and treated with
surgical resection. The lung nodules <20 mm
and all patients had complete CT thin-layer
three-dimensional imageological data before
operation. There were 91 males and 46
females; aged 34~79 years, with median age of
57 years; clinical stage: 129 in stage |, 2 in
stage Il and 6 in stage lll; 4 were with atypical
adenomatous hyperplasia (AAH), 39 with ade-
nocarcinoma insitu (AIS), 22 with microinvasive
adenocarcinoma (MIA), 68 with invasive adeno-
carcinoma (IAC), 3 with squamous (SQ) and 1
with large cell carcinoma (LC); 69 with single
nidus and 68 with multiple nidi; and 12 were
with multiple primary tumor.

Methods

Siemens 64-layer high-resolution spiral CT was
used to perform thin scanning (1 mm) before
operation and re-construct three-dimension.
According to the pre-established image-reading
sequence, the maximum diameter, density,
blood supply, vacuole, mini-nodules, morpholo-
gy, sublobe, burr, pleural indentation syndrome
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and the presence of multiple nidi were record-
ed. The images were read jointly by 2 chief phy-
sicians from Department of Internal Medicine,
2 from Department of Radiotherapy and 1 from
Department of Pathology who were unknown of
the pathological results.

Evaluation criteria

The maximum diameter of nidi was defined as
the maximum diameter of the measuring nidi
on the maximum plane and was then divided
into 3 grades (<10 mm, 10~15 mm and 15~20
mm). Nodular density was defined as the ratio
of parenchymal component in the mini-nodular
lesion and divided into 5 grades (0%: pure
ground-glass opacity; 100%: pure parenchymal
nodules; 25%, 50% and 75%: the ratio of paren-
chymal component accounted for 25%, 50%
and 75%, respectively). Mini-nodules were the
regional clustered granules with increased den-
sity in nodules. Round and quasi-circular forms
were defined as regular morphology and others
as irregular morphology. Sublobe was defined
as the nodule border with obvious depression.
Multiple nidi meant there were multiple nodular
nidi in the lung, including benign and malignant
lesions and nidi with unknown property. AAH,
AIS and MIA were defined as low-invasiveness
lung cancer while IAC, LC and SQ as high-inva-
siveness lung cancer.

Statistical analysis

SAS 9.3 and SPSS 17.0 were applied for all
data analysis. Enumeration data was expressed
by percentage (%) and detected with x? test.
The relationship between invasiveness and
imageological characteristics was analyzed by
Spearman correlation analysis and Receiver
Operating Characteristic (ROC) was used to
analyze the optimal diagnostic threshold value.

Results

Relationships between imageological char-
acteristics and pathological patterns in lung
cancer

Of the 137 patients, there were 151 mini-nod-
ules with imageological and pathological
results. AAH and AIS were marked by pure
ground-glass nodules in round or quasi-circular
shape, with clear broader; MIA was manifested
by pure ground-glass nodules or density-mixed
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Figure 1. Comparison of imageological characteristics of mini-nodule lung cancer with different pathological pat-
terns. Note: A: IAC, imageology showed mixed ground-glass nodular images; B: MIA, imageology showed ground-
glass ingredient-based partial parenchymal nodules, and the parenchymal ingredients were located in the center of
the lesions; C: AlS, imageology showed pure ground-glass nodular images.

B

Table 1. Relationships between pathological patterns and imageological characteristics of mini-nodule
lung cancer

Pathological results [N (%)]

Imageological characteristics - X P
AAH AIS MIA IAC Non-adenocarcinoma

The maximum diameter
<10 4(3.93) 15(52.94) 9(18.58) 10(2.857) 0 (0) 31.4802 0.0017
10~15 0 (0) 17 (31.48) 8(14.81) 28(51.85) 1(1.85)
15~20 0 (0) 7 (15.56) 5(11.11) 30(66.67) 3(6.67)

Density
0% 3(8.33) 24(66.67) 4(11.11) 5(13.89) 0(0) 78.2325 <0.0001
25% 1(3.57) 9(32.14) 9(32.14) 9(32.14) 0(0)
50% 0 (0) 3(20.00) 3(20.00) 9(60.00) 0(0)
75% 0 (0) 2(11.11) 1(5.56) 15(83.33) 0(0)
100% 0 (0) 1(2.50) 5(12.50) 30 (75.00) 4 (10.00)

Blood supply
Clinging to the periphery of nodular vessels 3 (13.04) 11 (47.83) 3(13.04) 6(26.09) 0(0) 14.9767 0.0047
Entering into nodular vessels 1(0.88) 28(24.56) 19(16.67) 62 (54.39) 4 (3.51)

Vacuole syndrome
No 3(3.19) 25(26.60) 15(15.96) 46 (48.94) 4 (4.26) 3.4497 0.4856
Yes 1(2.27) 14(31.82) 7(15.91) 22(50.00) 0(0)

Mini-nodule
No 3(3.09) 28(28.87) 17(17.53) 45 (46.39) 4(4.12) 3.9682 0.4103
Yes 1(2.50) 11(27.50) 5(12.50) 23(57.50) 0(0)

Morphological regulation
No 2(3.561) 13(22.81) 10(17.54) 31(54.39) 1(1.75) 2.2964 0.6814
Yes 2(2.50) 26(32.50) 12(15.00) 37 (46.25) 3(3.75)

Sublobes
No 3(6.98) 16(37.21) 8(18.60) 16 (37.21) 0(0) 10.1292 0.0383
Yes 1(1.06) 23(24.47) 14 (14.89) 52(55.32) 4 (4.26)

Burr
No 4(4.00) 35(35.00) 13(13.00) 44 (44.00) 4 (4.00) 15.9748 0.0031
Yes 0(0) 4 (10.81) 9 (24.32) 24 (64.86) 0(0)

Pleural indentation syndrome
No 3(3.61) 29(34.94) 16(19.28) 32(38.55) 3(3.61) 10.5221 0.0325
Yes 1(1.85) 10(18.52) 6(11.11) 36(66.67) 1(1.85)

Multiple nodules
No 1(1.45) 19(27.54) 9(13.04) 38(55.07) 2(2.90) 2.7395 0.6023
Yes 3(4.41) 20(29.41) 13(19.12) 30 (44.12) 2(2.94)
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Table 2. Relationships between imageological characteristics and mini-nodule lung cancer invasive-

ness

Pathological results [n (%)]

Imageological characteristics - - — - P
Low invasiveness High invasiveness

Maximum diameter
<10a 28 (87.95) 10 (12.45) 0.368 0.000
10~15 25 (46.30) 29 (563.70)
15~20 12 (26.67) 33(73.33)

Density
0% 31(86.11) 5 (13.89) 0.589 0.000
25% 19 (67.86) 9 (32.14)
50% 6 (40.00) 9 (60.00)
75% 3(16.67) 15 (83.33)
100% 6 (15.00) 34 (85.00)

Blood supply
Clinging to the periphery of nodular vessels 17 (73.91) 6 (26.09) 0.238 0.005
Entering into nodular vessels 48 (42.11) 66 (57.89)

Sublobe
No 27 (62.79) 16 (37.21) 0.208 0.015
Yes 38 (40.43) 56 (59.57)

Burr
No 52 (52.00) 48 (48.00) 0.150 0.080
Yes 13 (35.14) 24 (64.86)

Pleural indentation syndrome
No 48 (57.83) 35 (42.17) 0.258 0.002
Yes 17 (31.48) 37 (68.52)

defined as density-mixed ground-
1.0 glass nodules with irregular
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Figure 2. ROC curve of nodular size and density in diagnosis of mini-

nodule lung cancer.

1.0

shapes. x? test showed that from
AAH, AIS and MIA to IAC, the maxi-
mum diameter, density, sublobe,
burr, pleural indentation syn-
drome and the ratio of blood sup-
ply entering into nodular vessels
increased subsequently, and the-
re were significant differences
(P<0.05 or P<0.01). The compari-
son of imageological diagnosis
and pathological patterns are
shown in Figure 1 and Table 1.

Relationships between imageo-
logical characteristics and mini-
nodule lung cancer invasiveness

Further analysis on the relation-
ships between the above indexes

ground-glass nodules in round or quasi-circular
shape, with clear broader; and IAC was mostly
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and lung cancer invasiveness showed that lung
cancer invasiveness was in moderate correla-
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Table 3. ROC related parameters of nodular size and density in diagnosis

of mini-nodule lung cancer

sensitivity and speci-
ficity. Altenbernd et al.

Threshold
value

AUC Sensitivity Specificity

[11] used dual-energy

P 95% Cl CT to scan the patients

Nodular size 0.700 0.861 0.431 1250 mm <0.05 0.612-0.788
Nodular density 0.831  0.806 0.769 37.50%

with tumor metasta-

<0.05 0.760-0.902 ses, whose results

tion with the nodal density, in low connection
with nodular size and in extremely weak asso-
ciation with blood supply, sublobe, burr and
pleural indentation syndrome (Table 2).

Diagnostic value of nodal size and density in
mini-nodule lung cancer

ROC analysis on the nodular size and density
indicated that the area under ROC curve, sensi-
tivity and specificity of nodular size were 0.700
(95% Cl; 0.612~0.788), 0.861, and 0.431, with
threshold value being 12.50 mm, while those
of nodular density were 0.831 (95% CI:
0.760~0.902), 0.806 and 0.769, with thresh-
old value being 37.50%, respectively (Figure 2
and Table 3). The area under the ROC curve is a
popular summary measure of the accuracy of a
test. Since the area under ROC curve of nodular
density was higher than nodular size, nodal
density had higher predictable value in the
invasiveness of mini-nodule lung cancer.

Discussion

With the development of CT imageological tech-
nique, the detection rate of mini-nodules in
lung has been significantly increased. According
to the clinical statistics, the detection rate of
nodular lesion by conventional chest X-ray was
0.2%, but was 40%~60% by high-resolution CT
[9]. Dabrowska et al. [10] applied contrast-
enhancement CT and 18-FDG positron emis-
sion computed tomography (PECT) to identify
the malignant isolated lung nodules, in which
the optimal diagnostic point of contrast-
enhancement CT was 19 hounsfield units of
enhancement value, whose sensitivity, specific-
ity, positive predictive value (PPV), negative
predictive value (NPV) and accuracy were
100%, 37%, 32%, 100% and 58% respectively,
whereas on the optimal diagnostic point of
18-FDG PECT, the sensitivity, specificity, PPV,
NPV and accuracy were 77%, 92%, 83%, 89%
and 90% respectively, showing that the two had
their own advantages and disadvantages in
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demonstrated that a
total of 156 lung nod-
ules with the maximum diameter 25 mm were
found, and the measured CT value of lung nod-
ules could be applied for distinguishing the pri-
mary tumors.

Early detection and intervention are of great
significance in reducing the mortality of patients
with lung cancer [12, 13]. American National
Lung Screening Trial (NLST) has proved that
low-dose spiral CT examination once a year can
greatly reduce the relevant death risk by 20% in
high-risk patients with lung cancer [14]. It was
illustrated in a study that AAH, AIS and MIA
were tumors with favorable prognosis in adeno-
carcinoma, which showed scale-like growth or
mainly in scale-like growth, with tumor size <3
cm and postoperative survival rate near to
100% after radical surgery, whereas IAC was
mainly in scale-like, acinar, palillary and solid
growth, and the 5-year survival rate of IAC
patients with stage | was 70%~80%, with evi-
dently lower prognosis than that of AIS and MIA
[15]. Therefore, preoperative effective diagno-
sis of the risk of mini-nodule lung cancer, which
can guide the physicians to conduct different
interventional measures, is of great signifi-
cance in clinic. However, due to the facts that
there lacks gold standard for the diagnosis in
clinic and the emphasis of the previous studies
is on the differentiation of benign and malig-
nant nodules, the difference between mini-nod-
ule lung cancer is ignored, thus leading to the
deficiency or excess of interventions in clinic
[16].

This study analyzed the relationships between
the CT imageological characteristics and path-
ological patterns in patients with mini-nodule
lung cancer, aiming to use imageological char-
acteristics to reflect the lung cancer subtypes
with high-invasiveness. The results of this study
revealed that the imageological characteristics
changed in mini-nodule lung cancer patients
with different pathological patterns, especially
in adenocarcinoma subtypes, and the maxi-
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mum diameter and density of mini-nodules
increased along with the aggravation of infiltra-
tion severity, indicating that the size and densi-
ty of mini-nodules might reflect the develop-
mental process of lung cancer. Additionally,
although blood supply, sublobe, burr and pleu-
ral indentation syndrome were in weak associa-
tion with lung cancer invasiveness, there was
no significant difference in different pathologi-
cal patterns, which could provide references for
the diagnosis of the pathological patterns of
mini-nodule lung cancer. In this study, ROC
analysis was applied to further analyze the size
and density of nodules related to moderate and
poor differentiation, whose results demonstrat-
ed that as to highly-suspected mini-nodules in
clinic, if the maximum diameter was >12.50
mm and the ratio of parenchymal component in
ground-glass opacity was 37.50%, the patient
could be diagnosed as high-invasiveness lung
cancer.

To sum up, if the size and density of mini-nod-
ules reached to the optimal diagnostic points
and one of the imageological characteristics
(blood supply, sublobe, burr and pleural inden-
tation syndrome) was accompanied, the
patients could be diaghosed as high-invasive-
ness lung cancer, for which positive interven-
tional measures, like standard radical surgery
was recommended. And if the above conditions
were not achieved, surgical method should be
further studied to reduce the range of surgical
resection and avoid excessive intervention.
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