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[ Abstract] Background and purpose: Solitary pulmonary nodule (SPN) detected by computed tomography

(CT) in breast cancer patients may be primary lung cancer (PLC) or metastatic pulmonary breast cancer (MBC),
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and definitive diagnosis of nodule is very important for personalized medical care of patients. In this study, we
retrospectively analyzed high resolution CT (HRCT) features of MBC and PLC shown as SPN in breast cancer patients
and evaluated their diagnostic values. Methods: From Oct. 2007 to Jun. 2014 , data of 116 patients with 116 SPNs
confirmed by pathology were assessed with respect to preoperative CT findings retrospectively. We reviewed CT signs
of nodules to differentiate MBCs and PLCs by using multivariate logistic regression model and receiver operating
characteristic (ROC) curve. Results: Of the 116 SPNs, 77 (66.4%) were PLC and 39 were (33.6%) MBC. There were
statistically significant differences in round or oval shape, sub-solid nodule, spiculation, lobulation, bubble lucency, air
bronchogram, pleural tag, maximum diameter of nodule and portion of the solid volume component between MBCs
and PLCs. Multivariate analysis showed that spiculation, presence of air bronchogram and portion of the solid volume
component >24% were statistically significant independent predictors of PLCs, with the corresponding odds ratio
(OR) being 0.219 (95%CT: 0.069-0.638), 0.061 (95%CTI: 0.009-0.240) and 1.029 (95%CT: 1.010-1.052), respectively.
This multivariate regression model had a good performance in differentiating PLC from MBC, with an area under the
ROC curve (AUC) of 0.903 (95%CI: 0.838-0.969), an accuracy of 86.2%, a sensitivity of 88.3% and a specificity of
82.1%. Conclusion: In all SPNs of breast cancer patients, the probability of PLC is higher than that of MBC. Less solid
component, absence of spiculation and air bronchogram are highly indicative of PLCs.

[ Key words ] Solitary pulmonary nodule; Metastatic pulmonary breast cancer; Primary lung adenocarcinoma;

X-ray computed tomography; Differential diagnosis
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Breast cancer patients with pulmonary
nodules from 2007 to 2014 (n=727)

Underwent surgery (n=167)

Excluded multiple
pulmonary lesions (n=25)

Solitary pulmonary nodule (SPN)
can be evaluated (n=142)

SPN confirmed by pathology
(n=142)

Excluded benign pulmonary
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| |

Metastatic breast cancer
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Primary lung adenocarcinoma
(PLC) (n=77)
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Fig. 1 Flowchart of study population
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Fig.2 Examples of VOI and a three-dimensional view of the SPN

From top to bottom were axial (A), coronal (C) and sagittal (E) CT
images, the purple areas of (B), (D) and (F) were VOI of corresponding
slice, respectively
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Tab.1 Demographic data and location of PLC and MBC nodules
PLC MBC

Parameter (N=77) (N=39) P value
Primary breast
cancer site n (%) 0.550"
Left 34 (44.2) 21(53.8)
Right 39 (50.6) 17 (43.6)
Bilateral 4(5.2) 1(2.6)
Age at pulmonary
_nodule detected/year  57.53 £9.80 52.82+10.70  0.019%
X+ts
Ageat! fgf‘yﬁ:ﬁ;‘gr 5205+10.17 48461030  0.076"
Interval/year ¥+s 5.48 £ 6.85 438+4.01 0.359"
Location of lung n(%) 0.372°
Left upper lobe 19 (24.7) 6(15.4)
Left lower lobe 12 (15.6) 7(17.9)
Right upper lobe 21(27.3) 16 (41.0)
Right middle lobe 7(9.1) 1(2.6)
Right lower lobe 18 (23.4) 9(23.1)

#: Chi-square test; “: Mann-Whitney U test; *: Fisher’s exact test
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Fig.3 Transverse CT sections through solitary pulmonary nodules

in PLCs with a history of breast cancer

A: Transverse-section CT image of a SPN on right upper lobe of a
68-year-old patient after 7 years of radical mastectomy, with irregular
shape, slender speculations (white arrow) and an inner air bronchogram
(white arrowhead); B: Transverse-section CT image of a sub-solid
SPN (white arrow) on right upper lobe of a 66-year-old patient after 1
year of radical mastectomy, with an inner dilated bronchogram (white
arrowhead) and pleural tag (black arrowhead)
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Fig.4 Transverse CT sections through solitary pulmonary nodules
in MBCs with a history of breast cancer

A: Transverse-section CT images of a SPN on right upper lobe of a
67-year-old patient after 3 years of radical mastectomy, a pure solid
solitary nodule (white arrow) was detected in the upper lobe of the
right lung, with round shape and pleural tag (black arrowhead); B:
Transverse-section CT images of a SPN on right lower lobe of a
39-year-old patient after 7 years of radical mastectomy, a pure solid
solitary nodule (white arrow) was detected in the upper lobe of the right
lung, with irregular shape and without speculation or air bronchogram

% 2 PLCFIMBCZ T MIHRCTIES
Tab.2 HRCT findings of PLC and MBC nodules

Parameter ( 1527(:7) (l\]\/ES%) P value
Round or oval n(%) 43 (55.8) 34 (89.5) 0.001"
Sub-solid nodule 7(%) 64 (83.1) 1(2.6) <0.001
Spiculation 1(%) 49 (63.6) 7(17.9)  <0.001°
Lobulation n(%) 46 (59.7) 14 (35.9) 0.026"
Bubble lucency 7(%) 36 (46.8) 4(103)  <0.001°
Air bronchogram n(%) 45 (58.4) 2(5.1) <0.001%
Pleural tag n(%) 53 (68.8) 15 (38.5) 0.003"
Maximum diameter 2118+ 1231 16694939  0.048"
Proportion of the solid 6833 89422 <0.001"

volume component/%

*. Chi-square test; “: Fisher’s exact test; : Mann-Whitney U test
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(L5 SR L) ) BN ABLTY , AIC=100.34
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Tab.3 Univariate analysis of the predictive factors of PLC and
MBC

Parameter pooseE . OROsw%C
Spiculation yes 0.479
Vs 1o -0.735  0.675 0.276 (0.123-1.780)
Bubble sign yes 0.275
s no -0.792  0.767  0.093 (0.056-1.186)
Lobulation yes 0.453
s 10 -2.644  0.660  0.230 (0.119-1.645)
Air bronchogram 0.071
yes vs 1o -1.289 0815 0.002 ) 610-0.293)
Pleural tag 0.575
yes vs no 0553 0.605  0.360 4 1731 904)
Proportion of the solid 0.972
volume component 0.028 0011 0011 (0.951-0.990)
Interception 1556 1.690 0.358 4.736

(0.171-144.318)

[ Beta coefficient; SE: Standard error; OR: Odds radio; CI: Confidence
interval

2.3 PLCHIMBCZ T HWHRCTH N S E X
Logistic[El V3 43 #r

Z N ZK Logisticlnl 473 H7 25 5L R B, £ HIE
(P=0.007; OR=0.219, 95%CI: 0.867~1.010) .
YR FSAE (P<0.001; OR=0.061; 95%CI:
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ST T (£4) o g5 IR, BelR AR R 6
JiE4193.4%, S RE H66.7%, TERHIZH486.6%.
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ROCH M 7, &5 19 S B (R R L 12 Wy
MBC#AUC#0.714 (95%CI: 0.617~0.881) , 5
PE AR R R 24 9% VR S R R BT (B, HE 2
SIMBCI) R N92.3%, ¥ T N44.2%, HE
1% °4186.2% ., BHIMEAYAUCH0.714 (95%CI.
0.617~0.881) , H: 4 BIMBCH R 463.6%, Fi5+
B H82.1%, HERIHRNG69.8%, XS4 Tt/ SHEAUC
410.714 (95%Cl: 0.617~0.881) , H: % HIMBCIH R
HUEE H58.4%, i S R94.9%, HERIZF K T0.7% (£
5).

HROCHhZ Al 2 [ ZR Logistic [m] #5271 45
SIPLCEHMBCH:RE, FLAUC/0.903 (95%CI:
0.838~0.969) , % 486.2%, R EE H88.3%,

S N82.1% (K5, 6) .
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% 4 PLCFIMBCZ TTHRCTAES HI % E ELogisticE )33 #7145 51
Tab.4 Multivariate analysis of the predictive factors of PLC and MBC

Parameter p SE P value OR (95%CTI)

Spiculation yes vs no -1.519 0.561 0.007 0.219 (0.069-0.638)
Air bronchogram yes vs no -2.804 0.799 <0.001 0.061 (0.009-0.240)
Proportion of the solid volume component 0.029 0.010 0.005 1.029 (1.010-1.052)
Interception 0.583 1.522 0.702 1.792 (0.087-36.458)

p: Beta coefficient; SE: Standard error; OR: Odds radio; CI: Confidence interval
#£ 5 HRCT4HEFZ FELogisticE 31 & FIPLCFIMBCHIZ B 14 AE

Tab.5 Diagnostic performance derived from HRCT features and multivariate Logistic regression models to identify PLC and MBC

Parameter Cut-off value  Accuracy  Sensitivity —Specificity AUC 95%ClI

Spiculation yes vs no NA 69.8% 63.6% 82.1% 0.728%* (0.647, 0.810)
Air bronchogram yes vs no NA 58.4% 94.9% 70.7% 0.767* (0.701, 0.832)
Proportion of the solid volume component 24% 86.2% 92.3% 44.2% 0.714* (0.617,0.881)
Spiculation + air bronchogram + proportion of NA 86.2% 88.3% 82.1% 0.903 (0.838, 0.969)

the solid volume component (multivariate model)

NA: Not available; : The difference was statistically significant compared with the multivariate model (P<0.001)

P5=90.21%

B 5 MBCHIPLCHISEIMER S RFILL

Fig. 5 Proportion of the solid volume component in MBC and
PLC

A: MBC; C; PLC; B, D: The VOI contouring of the whole nodule (green
area) and the solid component (purple area)
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2 06
2
E
g 04
~ Spiculation
«= Air bronchogram

0.2

= Proportion of the solid volume component
= Multivariate model
0.0 —
1 I 1 I 1 )
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Bl6 HWERE. FHIXRERSIEMSE T RERMERL R
% [F&ELogisticEJFHEE FYROC # 2%
Fig. 6 ROC curves for variables with statistical significance in

multivariate Logistic regression analysis
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