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AIM: To evaluate the clinical usefulness of quantitative dual-energy (DE) computed to-
mography (CT) iodine enhancement metrics combined with morphological CT features in
distinguishing small-cell lung cancer (SCLC) from non-small-cell lung cancer (NSCLC).
MATERIALS AND METHODS: One hundred and six untreated lung cancer patients who un-

derwent DECT before biopsy or surgery were prospectively enrolled. Twenty-seven routine CT
descriptors, including tumour location, size, shape, margin, enhancement heterogeneity, and
internal and surrounding structures, and associated findings were assessed and DECT pa-
rameters were measured in all patients. Multiple logistic regression analyses were applied to
identify independent predictors of SCLC. The area under the receiver operating characteristic
curve was compared between CT features combined with DECT metrics and CT features alone
for distinguishing SCLC from NSCLC.
RESULTS: Histology revealed NSCLC in 80 and SCLC in 26 patients. In univariate analysis, 12

morphological CT features and two DECT metrics differed significantly between NSCLC and
SCLC. When DECT parameters were combined with CT features for multivariate analysis, the
independent predictors of SCLC were large tumour size, central location, confluent mediastinal
lymphadenopathy, homogeneous enhancement, absence of coarse spiculation, and lower
iodine density and iodine ratio (all p<0.05). The area under the receiver operating charac-
teristic curve was improved from 0.908 to 0.981 after adding DECT metrics compared with CT
features alone (p¼0.007).
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CONCLUSION: The combination of DECT measures and CT morphological features can be
used to distinguish SCLC from NSCLC, with higher diagnostic performance compared with CT
morphological features alone.

� 2018 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
Introduction

Lung cancer is one of the most common malignancies
worldwide and remains the leading cause of cancer-related
death in both men and women.1,2 Small-cell lung cancer
(SCLC) tends to behave differently from non-small-cell lung
cancer (NSCLC) in clinical properties, with characteristics of
rapid tumour growth, early development of widespread
metastases, responsiveness to specific chemoradiotherapy,
and poor prognosis. Hence, it is critical for clinicians to
confirm the diagnosis of SCLC or NSCLC to achieve early and
accurate therapeutic planning as well as prognostication.
Imaging techniques can provide qualitative or quantitative
information for tumour detection, characterisation, staging,
and evaluation of therapeutic response in clinical practice,
displaying potential complementary value for differentia-
tion of lung cancer subtypes.3 In clinical routine, contrast-
enhanced computed tomography (CT) is typically the first
investigation for patients with suspected lung malignancy.
Evaluation of lesions with conventional CT is based on two
major criteria: morphological features (such as size, mar-
gins, density, and internal and surrounding characteristics)
and degree of enhancement.4 CT features provide qualita-
tive morphological information and play an indispensable
role in imaging diagnosis. Many previous studies have
described CT morphological features of lung cancer sub-
types,5,6 such as SCLC more commonly manifests as a hilar
mass with confluent mediastinal lymphadenopathy and
adenocarcinomamore commonly shows as a spiculate mass
with air bronchogram or bubble-like lucency, but few
studies have reported the diagnostic accuracy of imaging
features in distinguishing SCLC from NSCLC.

The degree of enhancement of lung lesions can be
determined in routine single-energy enhanced CT, but the
measurement error caused by misregistration of the region
of interest between pre- and post-contrast images is un-
avoidable.7 Dual-energy CT (DECT) is a promising imaging
technique that can be used for analysis of CT morphological
features, as well as quantification of iodine concentration
and enhancement in tumours.3,8 With one single contrast-
enhanced scan, DECT offers two CT series of virtual non-
contrast and iodine-enhanced images, omitting the need
for non-enhanced CT and eliminating the measurement
error caused by two separate CT examinations. As a result of
the energy dependence of the attenuation coefficient of
different materials, DECT makes it possible to optimise the
differentiation of lung nodules or masses.8 Several studies
have reported the positive correlation between DECT pa-
rameters and the expression level of vascular endothelial
growth factor and hypoxia-inducible factor-1 in patients
with NSCLC,9,10 indicating that DECT could be a valuable
method for imaging tumour angiogenesis. Additionally,
different patterns of the microvascular network have been
observed in various histological types of lung cancer in
previous studies.11,12 Thus, it is postulated that quantitative
DECT parameters might be different between SCLC and
NSCLC, and DECT metrics combined with CT features may
further promote the differential accuracy compared with CT
features alone. To the authors’ knowledge, no previous
studies have investigated the diagnostic performance of
iodine parameters and morphological features in dis-
tinguishing lung cancer subtypes.

Therefore, the aim of this study was to evaluate pro-
spectively the clinical usefulness of quantitative DECT
iodine enhancement metrics combined with morphological
CT features in distinguishing SCLC from NSCLC.

Materials and methods

Study population

This single-centre prospective study was approved by
the Medical Ethics Committee of Peking Union Medical
College Hospital, and written informed consent was ob-
tained from all patients. Between December 2015 and
October 2016, 146 consecutive patients with clinically or
radiologically suspected lung cancer underwent DECT. Pa-
tients were finally enrolled if they fulfilled the following
criteria: solid tumour with a minimum transverse diameter
of 10 mm; no previous treatment for lung cancer or other
malignancies; and histologically confirmed lung cancer
subtype. The histological diagnosis was based on the World
Health Organization classification published in 2015.13

Pregnant women and patients who had a history of
contrast material reaction and impaired renal function
(creatinine>1.5mg/dl and/or glomerular filtration rate<60
ml/min) were excluded. Finally, 106 patients (median age,
62 years; range, 35e81 years) comprised the study popu-
lation (Electronic Supplementary Material Figure S1).

DECT protocol

All CT examinations were performed on a third-
generation dual-source CT unit (SOMATOM Force;
Siemens Healthcare, Forchheim, Germany). Contrast mate-
rial (30ml iopromide, Ultravist 370; Bayer Schering Pharma,
Berlin, Germany) was administered via an antecubital vein
at an intended flow rate of 3 ml/s, followed by 30 ml of



Table 1
Clinical characteristics of lung cancer patients.

Variable NSCLC SCLC p-Value

No. of patients 80 26
Median age (year)a 62 (35e81) 61 (38e79) 0.496
Women 60.5 (41e81) 61.5 (48e70) 0.560
Men 64.5 (35e79) 61 (38e79) 0.250

Sex 0.619
Female 24 (30%) 6 (23.1%)
Male 56 (70%) 20 (76.9%)

TNM stage 0.008
I 9 0
II 12 0
III 33 19
IV 26 7

Diagnostic technique
Fine-needle aspiration biopsy 1 1 0.008
Core-needle biopsy 36 10
Surgery 23 1
Transbronchial biopsy 20 14

Unless otherwise indicated, data are number of patients. Values in bold
indicate statistical significance, p<0.05.
NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; TNM,
tumourenodeemetastasis.

a Data in parentheses indicates the range.
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saline, injected at the same flow rate. After the injection,
scans were started using a bolus-tracking technique with a
threshold of 70 HU in the descending aorta and an addi-
tional delay of 6 seconds.14 A combination of tin-filtered 150
and 90 kV was used for dual-energy scanning. The quality
reference tube current of tubes A and B was set to 46 and 60
mAs, respectively. Automatic tube current modulation
(CARE Dose 4D) was used. By combining the tin-filtered 150
and 90 kV data with a weighting factor of 0.6,15 another
series of weighted-average datasets equivalent to 120 kV
images was automatically generated. Collimation was set to
192�0.6 mm. Pitch was 1.0 at a rotation time of 0.25 s/
rotation. Datasets of tin-filtered 150, 90, and virtual 120 kV
were reconstructed with advanced modelled iterative
reconstruction (ADMIRE) using a soft-tissue kernel (Qr36)
at a section thickness of 1.5 mm with a 1.2 mm increment.
All CT data acquisition was performed in a caudocranial
direction during a deep-inspiratory breath hold from the
lung bases up to the apices.

Mean volume CT dose index and doseelength product for
DECT acquisition were 2.78�0.75 mGy and 108.41�30.50
mGy∙cm, respectively, corresponding to an effective radia-
tion dose of 1.52�0.43 mSv (using a standard conversion
factor for chest CT of 0.014 mSv/mGy∙cm).16 The mean body
mass index of patients was 23.59�3.33 (range 18.08e31.25).

Analysis of CT morphological features

Virtual 120 kV images were applied to evaluate
morphological CT features and viewed at mediastinal
(width, 400 HU; level, 40 HU) and lung (width, 1500 HU;
level, �400 HU) window settings for axial images on a
picture archiving and communications system. Two radi-
ologists (with 25 and 5 years of experience in thoracic
radiology, respectively) interpreted all of the CT images in a
consensual manner.5 The radiologists were blinded to
clinical and pathological data. CT morphological features
analysed for each lesion included tumour location, size
(maximum long-axis diameter), shape, margin, enhance-
ment heterogeneity, and internal and surrounding struc-
tures, and associated findings. Analysis was based on
previously published evaluation methods,6,17 among which,
coarse spiculation was defined as linear strands �2 mm
thick, and fine spiculation was defined as linear strands <2
mm. Homogeneous enhancement was defined as visually
>90% of the area with the same attenuation value. In total,
27 descriptors of tumours on DECT images were reviewed
(Electronic Supplementary Material Table S1).

Quantitative analysis of DECT data

All measurements were performed in consensus by two
experienced radiologists (with 5 and 8 years of experience
in thoracic imaging, respectively) who were unaware of the
clinical and pathological results. Datasets of tin-filtered 150
and 90 kV were transferred to a commercially available DE-
equipped workstation (Syngo.via VB10, Dual Energy,
Siemens, Healthineers, Forchheim, Germany) and analysed
by the virtual non-contrast application mode. The region of
interest was drawn freehand around the tumour in the axial
section. It was maximised by including as much as possible
of the mass and excluding any area of obviously gross ne-
crosis, calcification and large vessels (mean size of regions
of interest, 9.71�8.54 cm2). The iodine density (in mg/ml) of
each lung lesion was noted. The radiologists placed the re-
gion of interest in the artery and main tumour of concern
successively to calculate iodine ratio (%). The latter was
defined as the ratio of iodine density of the lung lesion to
that of the descending aorta or subclavian artery on the
same section, to minimise variations caused by circulation
status and scan times. Three measurements were con-
ducted, and average values were recorded.
Statistical analysis

All statistical analyses were performed using commer-
cially available software (SPSS version 20.0; SPSS, Chicago,
IL, USA). Continuous variables were presented as mean �
standard deviation. Differences in CT features and DECT
metrics between NSCLC and SCLC were compared using the
c2 test for categorical data and Student’s t-test (normal
distribution) or ManneWhitney U test (non-normal distri-
bution) for continuous variables. Box and whisker plots
were generated to visualise group differences for the dis-
tributions of quantitative DECT metrics. Multivariate logis-
tic regression analyses were applied to identify
independent predictors of SCLC or NSCLC, with themodel of
CT features alone and CT features combined with DECT
metrics. Factors with p<0.05 on univariate analysis were
used as the input variables for multiple logistic regression
analysis, with the final model selected with the backward
elimination method.18 Comparison between two areas un-
der the receiver operating characteristic curve was made to
identify the ability of the two models to discriminate SCLC



Table 2
Association between CT characteristics with lung cancer subtypes.

Characteristics NSCLC SCLC p-Value Univariate OR (95% CI)

Location
Distribution 0.012
Central 42 21 3.800 (1.304e11.073)
Peripheral 38 5 Reference

Lobe location 0.640
Right upper lobe 20 4 Reference
Right middle lobe 8 1 0.594 (0.057e6.175)
Right lower lobe 13 5 1.827 (0.411e8.123)
Left upper lobe 21 6 1.357 (0.332e5.554)
Left lower lobe 18 10 2.639 (0.700e9.945)

Long-axis diameter (cm) a 4.9�2.1 (1.76e10.59) 6.2�2.7 (2.43e12.4) 0.014 NA
Shape
Contour 0.897
Round 0 0 Reference
Somewhat irregular 35 11 Reference
Irregular 45 15 1.061 (0.434e2.595)

Lobulation 0.931
None 5 1 Reference
Lobulation number less than 3 20 6 1.500 (0.146e15.461)
Lobulation number between 4 and 6 44 16 1.818 (0.197e16.774)
Lobulation number more than 6 11 3 1.364 (0.112e16.577)

Margin
Border definition 0.758
Well defined 8 2 Reference
Between well and poorly defined 53 16 1.208 (0.233e6.271)
Poorly defined 19 8 1.684 (0.291e9.750)

Spiculation 0.005
None 12 12 Reference
Fine spiculation 52 13 0.250 (0.092e0.683)
Coarse spiculation 16 1 0.063 (0.007e0.549)

Internal
Air bronchogram 0.549
No 63 19 Reference
Yes 17 7 1.365 (0.493e3.782)

Air Space 0.633
No 61 21 Reference
Yes 19 5 0.764 (0.254e2.303)

Enhancement heterogeneity 0.044
Homogeneous 15 10 6.222 (1.482e26.119)
Slight or moderate heterogeneous 37 13 3.279 (0.852e12.624)
Marked heterogeneous 28 3 Reference

Surrounding structure
Marginal ground-glass opacity 0.733
No 40 14 Reference
Yes 40 12 0.857 (0.353e2.081)

Fissure attachment 0.930
No 50 16 Reference
Yes 30 10 1.042 (0.419e2.589)

Pleural attachment 0.087
No 43 19 Reference
Yes 37 7 0.428 (0.162e1.131)

Vascular convergence 0.011
No 44 22 4.500 (1.421e14.252)
Yes 36 4 Reference

Thickened adjacent bronchovascular bundles 0.017
No 46 22 4.065 (1.282e12.889)
Yes 34 4 Reference

Pleural retraction 0.005
No 38 21 4.642 (1.593e13.526)
Yes 42 5 Reference

Peripheral emphysema 0.855
Absence 47 14 Reference
Slight or moderate 26 10 1.291 (0.503e3.313)
Severe 7 2 0.959 (0.179e5.152)

Peripheral fibrosis 0.576
Absence 54 18 Reference
Slight or moderate 21 5 0.714 (0.235e2.171)

(continued on next page)
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Table 2 (continued )

Characteristics NSCLC SCLC p-Value Univariate OR (95% CI)

Severe 5 3 1.800 (0.391e8.292)
Associated findings
Nodules in primary tumour lobe 0.779
No 53 18 Reference
Yes 27 8 0.872 (0.336e2.263)

Nodules in non-tumour lobes 0.342
No 57 21 Reference
Yes 23 5 0.590 (0.199e1.753)

Lymphadenopathy 0.038
No 21 1 Reference
Yes 59 25 8.898 (1.134e69.808)

Confluent mediastinal lymphadenopathy 0.000
No 73 11 Reference
Yes 7 15 14.221 (4.741e42.658)

Encasement of mediastinal structures 0.004
No 64 13 Reference
Yes 16 13 4.000 (1.556e10.281)

Vascular involvement 0.005
No 48 7 Reference
Yes 32 19 4.071 (1.535e10.796)

Lung atelectasis and/or obstructive pneumonia
No 60 13 0.019 Reference
Yes 20 13 3 (1.195e7.531)

Pleural effusion of tumour side
No 61 18 0.477 Reference
Yes 19 8 1.427 (0.536e3.799)

Pleural effusion of non-tumour side 0.420
No 77 24 Reference
Yes 3 2 2.139 (0.337e13.561)

Unless otherwise indicated, data are number of patients. Values in bold indicate statistical significance, p<0.05.
CT, computed tomography; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; OR, odds ratio; CI, confidence interval; NA: not applicable.

a Data are mean�standard deviation (the range); p<0.05.
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from NSCLC. Differences were considered statistically sig-
nificant at a two-tailed p-value <0.05.

Results

Patients

The clinical data are summarised in Table 1. Histology
revealed adenocarcinoma in 44 patients, squamous cell
carcinoma in 36 and SCLC in 26. Compared with NSCLC,
tumour staging for SCLC was late, with all patients in stage
III/IV (p¼0.008).

CT characteristics of lung cancer subtypes

Univariate analysis revealed that 12 CT features differed
significantly between NSCLC and SCLC (Table 2): tumour
distribution, long-axis diameter, spiculation, enhancement
heterogeneity, vascular convergence, thickened adjacent
bronchovascular bundles, pleural retraction, lymphadenop-
athy, confluent mediastinal lymphadenopathy, encasement
of mediastinal structures, vascular involvement, lung atel-
ectasis, and/or obstructive pneumonia (all p<0.05). SCLCwas
more likely to be located within the central aspect of the
chest (odds ratio [OR]: 3.8; 95% confidence interval [CI]:
1.304e11.073), while NSCLC was more frequently found in
the periphery. Long-axis tumour diameter in SCLC was
significantly larger than in NSCLC (p¼0.014). Tumours with
lymphadenopathy (OR: 8.898; 95% CI: 1.134e69.808),
confluent mediastinal lymphadenopathy (OR: 14.221; 95%
CI: 4.741e42.658), encasementofmediastinal structures (OR:
4; 95% CI: 1.556e10.281), homogeneous enhancement (OR:
6.222; 95% CI: 1.482e26.119), vascular involvement (OR:
4.071; 95% CI: 1.535e10.796), and lung atelectasis and/or
obstructive pneumonia (OR: 3; 95% CI: 1.195e7.531) were
more frequently found among SCLC (Fig 1). Tumours with
spiculation (OR of fine spiculation: 0.250; 95% CI:
0.092e0.683; OR of coarse spiculation: 0.063; 95% CI:
0.007e0.549), vascular convergence (OR: 4.50; 95% CI:
1.421e14.252), thickened adjacent bronchovascular bundles
(OR: 4.065, 95%CI: 1.282e12.889), andpleural retraction (OR:
4.642; 95%CI: 1.593e13.526)weremore likely to be observed
among NSCLC. When it came to other CT features, no signif-
icant differences were noted between NSCLC and SCLC.

Quantitative iodine analyses with DECT

Comparisons of DECT quantitative parameters between
NSCLC and SCLC are displayed in box-plots (Fig 2). Iodine
density (SCLC: 1.17�0.28 mg/ml versus NSCLC: 1.55�0.47
mg/ml; p¼0.001) and iodine ratio (SCLC: 11.59�2.62%
versus NSCLC: 16.27�6.18%; p¼0.000) were significantly
lower in SCLC compared with NSCLC (Figs 1 and 3).

Multivariable analysis and receiver operating
characteristic curve analysis

In multivariate analysis, for the model with CT features
alone, long-axis diameter, enhancement heterogeneity and



Figure 1 Representative dual-energy CT images of a 64-year-old man with SCLC. (a) Lung window of virtual 120-kV images shows a large mass
in the right perihilar lung. (b) Mediastinal window shows confluent lymphadenopathy and homogeneous enhancement of the tumour. (c) Iodine
density and iodine ratio of the iodine map with ROI drawn on the perihilar mass lesion was 1.2 mg/ml and 9.5%, respectively.

Figure 2 Boxplots presenting the distribution of iodine density (a) and iodine ratio (b) in patients with NSCLC and SCLC, respectively.

Figure 3 Axial contrast-enhanced dual-energy CT images of a 57-year-old manwith adenocarcinoma. (a) Lung window of virtual 120 kV images
shows a round-like well-defined mass located in the right perihilar lung, presenting no spiculation. (b) Mediastinal window shows homoge-
neous enhancement of the tumour and subcarinal lymphadenopathy. (c) Iodine density and iodine ratio of the iodine map with ROI drawn on
the perihilar mass lesion was 2.3 mg/ml and 21.8%, respectively.
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confluent mediastinal lymphadenopathy were proved to be
independent prognostic factors of lung cancer subtypes
when adjusting for spiculation and lymphadenopathy
(Electronic Supplementary Material Table S2). When DECT
metrics were added, lymphadenopathy was excluded from
the model, while distribution, pleural retraction and lung
atelectasis and/or obstructive pneumonia were included,
regardless of statistical significance. Finally, the most
important and significantly independent predictive factors
for SCLC were large tumour size, central location, homoge-
neous enhancement, confluent mediastinal lymphadenopa-
thy, absence of coarse spiculation, and lower iodine density
and iodine ratio when adjusting for pleural retraction and
lung atelectasis and/or obstructive pneumonia (Table 3). The
area under the receiver operating characteristic curve
increased markedly from 0.908 (95% CI: 0.852e0.963) to
0.981 (95% CI: 0.961e1.0) when DECT metrics were added
(p¼0.007; Fig 4), the diagnostic sensitivity grew from 80% to
91.3%, and specificity rose from 88.5% to 96.2%.

Discussion

We reported a significant difference in quantitative DECT
parameters between SCLC and NSCLC in patients with solid
tumours diameter >1 cm. The combination of CT morpho-
logical features with DECT metrics markedly improved the



Table 3
Multivariable regression analysis of DECT metrics combined with CT features predicting SCLC from NSCLC.

Variable and level Odds ratio p-Value

Point estimate 95% CI

Long-axis diameter (cm) 1.720 1.022e2.895 0.041
Distribution
Central 33.731 1.495e761.071 0.027
Peripheral Reference

Spiculation
None 546.343 1.663e179517.367 0.033
Fine spiculation 109.742 1.019e11818.289 0.049
Coarse spiculation Reference

Pleural retraction
No 9.769 0.435e219.613 0.151
Yes Reference

Lung atelectasis and/or obstructive pneumonia
No Reference
Yes 14.986 0.914e245.621 0.058

Enhancement heterogeneity
Homogeneous 259.796 3.489e19343.101 0.011
Slight or moderate heterogeneous 0.198 0.006e6.494 0.363
Marked heterogeneous Reference

Confluent mediastinal lymphadenopathy 0.001
No Reference
Yes 697.023 13.710e35438.058

Iodine ratio (%) 0.460 0.269e0.786 0.005
Iodine density (mg/ml) 0.002 0.000e0.207 0.009

Values in bold indicate statistical significance, p<0.05.
DECT, dual-energy computed tomography; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; CI, confidence interval.

Figure 4 Receiver operating characteristic curves applied to predict
small-cell lung cancer from non-small-cell lung cancer with CT fea-
tures alone and combined with DECT metrics. AUC: Area under the
ROC curve; 95% CI: confidence interval.
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diagnostic ability, sensitivity and specificity in distinguish-
ing SCLC from NSCLC compared with CT features alone,
validating DECT as an effective imaging technique in diag-
nosing lung cancer subtypes. Consequently, DECT can non-
invasively provide additional information for pre-treatment
evaluation of lung cancer before it can be achieved by
pathological determination.

Treatment and prognosis differ between SCLC and
NSCLC. SCLC is frequently metastatic at initial diagnosis and
mostly treated with chemoradiotherapy and rarely un-
dergoes surgical resection (<5% of cases).19 The median
survival time of SCLC after diagnosis is only 2e4 months in
the absence of treatment and 8e20 months in patients
under treatment.6,19 In contrast, NSCLC has demonstrated
notable improvements in survival time owing to a high level
of surgical opportunity and rapid development of individ-
ualised therapies based on specific histological and molec-
ular subtypes.20 Therefore, qualitative and quantitative
metrics derived from DECT would be of value in assisting
clinical estimation of tumour subtypes to contribute to
initial treatment selection and prognostic prediction,
especially when invasive procedures are unavailable or
pathological results indeterminate.21

In pursuit of high contrast-to-noise ratio and fine image
quality in evaluating anatomical structures in DECT, fused
images, taking advantage of both low- and high-voltage
images, are frequently applied to assess morphological fea-
tures.15 In the current study, 27 CT features were analysed on
virtual 120 kV images and it revealed nine morphological
features more likely to be indicative of SCLC rather than
NSCLC, including central location, large size, absence of
spiculation, lymphadenopathy, confluent mediastinal
lymphadenopathy, encasement of mediastinal structures,
vascular involvement, lung atelectasis and/or obstructive
pneumonia, and homogeneous enhancement. Kazawa
et al.22 demonstrated that a central mass accompanied with
mediastinal extension was the most common feature in
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SCLC, and great vessel wall involvement was frequently
observed at advanced stages. Lee et al.23 reported that
characteristic CT features of SCLCwere confluentmediastinal
lymphadenopathy, with less manifestation of spiculation. In
addition, Carter et al.6 concluded that encasement of medi-
astinal structures wasmostly present in SCLC. These findings
are consistent with the present results, in spite of the fact
that statistical comparisonwas not performed between SCLC
and NSCLC in the previous studies. Furthermore, the contrast
enhancement pattern of lung cancer subtypes was not ana-
lysed in the previous studies, while we made a detailed
analysis and revealed a significant difference between SCLC
and NSCLC. In multivariate analysis, the c-statistic of
morphological features in diagnosing SCLC was 0.908, vali-
dating the diagnostic value of morphological features in
discrimination of SCLC and NSCLC.

DECT images revealed CT morphological features of the
tumours and provided quantitative data of iodine maps for
clinical diagnosis, offering added objective information for
tissue characterisation. In recent years, DECT has proved
useful in evaluating neoangiogenesis and applied increas-
ingly in tumour detection and characterisation.24 Previous
studies have revealed that net iodine value can be objectively
and quantitatively measured in DECTand reflects the level of
underlying tumour angiogenesis.18,24 In the current study,
iodine density and iodine ratio were markedly lower in SCLC
compared with NSCLC. This discrepancy might be explained
by the distinct difference in the vascularity and vasculature
between SCLC and NSCLC. Compared with SCLC, the vascular
bed of adenocarcinoma and squamous cell carcinoma com-
prises many large vessels, which allows greater tumour
blood volume,11,12 resulting in higher iodine-related metrics.
Besides, tumour necrosis was more common and extensive
in SCLC comparedwith NSCLC,21which further explained the
lower iodine-enhanced parameters in SCLC. This finding in
the present study was consistent with the results of dynamic
volume perfusion CT conducted by Shi et al.25 They showed
that dynamic volume perfusion CT parameters of adeno-
carcinoma and squamous cell carcinoma, including blood
volume, blood flow and permeability, were significantly
higher compared with those of SCLC. Similarly, Spira et al.26

correlated volume perfusion CT with histopathological re-
sults in assessing lung cancer vascularity, and confirmed that
the parameter transit constant representing capillary
permeability was reduced in SCLC as compared with
adenocarcinoma. Good correlation between iodine
enhancement metrics from DECT and perfusion parameters
from dynamic volume perfusion CT has been validated by
studies performed in lung and liver,27,28 which may explain
the consistency between previous dynamic volume perfu-
sion CT findings and the present results.

When combining DECT metrics with CT morphological
features for multivariate analysis, the diagnostic power was
significantly improved compared with CT features alone,
thus verifying the added diagnostic value of DECT param-
eters. In this study, the discrepancy arising from different
positions of regions of interest in routine contrast-enhanced
CT was avoided when assessing the degree of enhancement
of tumours. Furthermore, radiation dose was significantly
decreased because the unenhanced CT scan was not
required. With the advancement of scanning techniques
and image reconstruction software, DECT renders further
reduction of acquisition time and radiation dose, which
would be especially beneficial to patients undergoing
tumour evaluation and therapeutic monitoring.29

In this investigation, both morphological and quantita-
tive parameters were evaluated. Although quantitative data
are increasingly being studied, CT morphological features of
lung cancer are still indispensable contributors to onco-
logical practice owing to their ready accessibility. In the era
of precision medicine and big data, single risk factors are
considered unreliable and estimation based on a multivar-
iable model is now required. Radiomics, which is based on
this principle, uses data mining from images to acquire
high-throughput of quantitative imaging features and
forms a radiomic signature for clinical use.30 Other studies
have confirmed the incremental value of radiomic signa-
tures derived from conventional CT in the diagnosis and
prognosis of lung cancer, making precision medical treat-
ment more achievable.30,31 The current study revealed the
superiority of DECT over conventional contrast-enhanced
CT in the differential diagnosis of lung cancer subtypes.
This indicates that DECT images may provide more valuable
imaging markers in constructing radiomic signatures and
render more possibilities for the application of radiomics in
the future.

There were some limitations to this study. First, the
sample size of the SCLC group was small owing to the lower
incidence of SCLC compared with NSCLC.19 Second, SCLC
stages I and II were not analysed and only the three most
common histological subtypes of lung cancer were studied,
thus investigations related to early-stage SCLC and un-
common lung cancer subtypes are necessary in the future.
Third, tumours with a diameter <1 cm were excluded from
the study group considering that the measurements were
susceptible to the effect of volume averaging, thus selection
bias maybe present. Finally, considering the spatial het-
erogeneity regarding vascularity in lung cancer, a potential
bias was that manual regions of interest may not be
representative of total tumour vascularity; however, the
method of manual regions of interest placed in a maximum
slice of tumour area in this study has been verified as an
efficient and reliable measurement, which has been widely
applied in previous studies.18,27,32 In the present study, the
correlation of iodine-enhanced parameters with
morphology of the microvascular bed in lung cancer lesions
was not investigated, it requires one-to-one match analysis
between pathological morphology and DECT measure-
ments, and would be further conducted in subsequent
research.

In conclusion, the combination of DECT metrics and
morphological CT features facilitates the discrimination of
SCLC and NSCLC appearing as solid lesions, leading to more
accurate diagnosis than using CT features alone. In the
clinical setting, these findings would be useful for inter-
pretation of DECT features and may help physicians with
preliminary planning of lung cancer management and
prognostic prediction.
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