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Abstract
Objectives To explore the role of dual-energy spectral computed tomography (DESCT) quantitative characteristics for the
identification of epidermal growth factor receptor (EGFR) mutation status in a cohort of East Asian patients with pulmonary
adenocarcinoma.
Materials and methods Patients with lung adenocarcinoma who underwent both DESCT chest examination and EGFR
test were retrospectively selected from our institution’s database. The DESCT visual morphological features and
quantitative parameters, including the CT number at 70 keV, normalized iodine concentration (NIC), normalized
water concentration, and slopes of the spectral attenuation curves (slope λ HU [Hounsfield unit]), were evaluated or
calculated. The patients were divided into two groups: the EGFR mutation group and EGFR wild-type group.
Statistical analyses were performed to identify the DESCT quantitative parameters for diagnosis of EGFR mutation
status.
Results EGFR mutations were detected in 66 (55.0%) of the 120 enrolled patients. The univariate analysis revealed that
sex, smoking history, CT texture, NIC, and slope λ HU were significantly associated with EGFR mutation status (p =
0.037, 0.001, 0.047, 0.010, and 0.018, respectively). The multivariate logistic analysis revealed that smoking history
(odds ratio [OR] = 3.23, p = 0.005) and NIC (OR = 58.026, p = 0.049) were the two significant predictive factors asso-
ciated with EGFR mutations. Based on this analysis, the smoking history and NIC were combined to determine the
predictive value for EGFR mutations with the area under the curve of 0.702.
Conclusions NIC may be a potential quantitative DESCT parameter for predicting EGFR mutations in patients with pulmonary
adenocarcinoma.
Key Points
• DESCT can provide multiple quantitative image parameters compared to conventional CT.
• Identification of the radio-genomic relation between DESCT and EGFR status can help to define molecular subcategories of
lung adenocarcinoma, which is valuable for personalized clinical targeted therapy.

• NIC may be a potential DESCT quantitative parameter for predicting EGFR mutations in pulmonary adenocarcinoma.
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Abbreviations
ALK Anaplastic lymphoma kinase
DESCT Dual-energy spectral computed tomography
EGFR Epidermal growth factor receptor
GGO Ground-glass opacity
GSI Gemstone spectral imaging
KRAS Kirsten rat sarcoma viral oncogene homolog
NIC Normalized iodine concentration
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NWC Normalized water concentration
PSN Part-solid nodule
Slope λ HU The slope of the spectral Hounsfield unit curve
SSN Sub-solid nodule

Introduction

Pulmonary adenocarcinoma is the most common histolog-
ic form of lung cancer and has been considered a highly
heterogeneous disease based on its molecular biological
features [1–3]. There are three most common mutations:
epidermal growth factor receptor (EGFR), anaplastic lym-
phoma kinase (ALK), and Kirsten rat sarcoma viral onco-
gene homolog (KRAS). Among the three, EGFR is the
most important and well-studied oncogene as a therapeu-
tic target. Compared to patients treated with standard che-
motherapy, patients treated with EGFR tyrosine kinase
inhibitors have exhibited better response rates and
prolonged progression-free survival [4, 5].

EGFR mutations have been found to correlate with specific
clinical characteristics, such as the female sex, smoking status,
and East Asian ethnicity [6, 7]. Some radio-genomic research
has attempted to correlate computed tomography (CT) features
with EGFR mutations to classify subcategories of lung adeno-
carcinoma. Most of these studies have focused on ground-glass
opacity (GGO) nodules and demonstrated that the GGO ratio
was significantly higher in tumors with EGFR mutations than
that in EGFR wild-type tumors [8–13]. Additionally, other CT
features, such as pleural indentation and the vacuole sign, may
also be associated with EGFR mutations [9]. However, these
CT features are vulnerable to subjective judgment that cannot
be used as a quantitative evaluation.

Dual-energy spectral computed tomographic (DESCT)
is a new revolutionary CT imaging method, which can
improve material differentiation by using two different
X-ray energy spectra [14, 15]. DESCT with gemstone
spectral imaging (GSI) scan uses a fast and dynamic
kVp switching technique between 80 and 140 kVp during
one single rotation, which can generate 101 monochro-
matic CT images at energy levels from 40 to 140 keV,
iodine-based and water-based material decomposition im-
ages, etc. Therefore, some quantitative measurements can
be obtained from DESCT, such as monochromatic CT
number and the slope of the spectral Hounsfield unit
(HU) curve (slope λ HU), iodine concentration (IC), and
water concentration (WC) from material decomposition
images. It has been proven that DESCT has potential ap-
plications in various clinical areas, including diagnosis in
oncology [14, 16, 17]. Especially for lung cancer, DESCT
has been employed to differentiate cancers from benign
lung nodules, to identify lymph node metastases, and to

distinguish the histologic subtypes such as adenocarcino-
ma and squamous cell carcinoma [18–25].

Therefore, exploring the relationship between DESCT
quantitative measurements and EGFR status may help deter-
mine the molecular categories of lung adenocarcinoma. To the
best of our knowledge, there are no previous reports in the
literature regarding the application of DESCT for the preop-
erative diagnosis of EGFR status in patients with lung adeno-
carcinoma. Thus, the purpose of this study was to retrospec-
tively investigate the feasibility of using quantitative measure-
ments of DESCT parameters to identify EGFRmutation status
in a cohort of Chinese patients with lung adenocarcinomas.

Materials and methods

Patient selection

The study cohort was retrospectively selected from a prospec-
tively collected and recorded database of patients with lung
nodules and masses that were scheduled to undergo pretreat-
ment chest DESCT betweenMay 2013 and December 2015 at
our institution. The inclusion criteria consisted of a histopath-
ological diagnosis of adenocarcinoma and EGFR mutations
test at our institution (Fig. 1). All histological and mutation
analyses were performed for surgical specimens (obtained
during radical surgery or palliative surgery) or biopsy speci-
mens. Finally, a total of 120 patients with lung adenocarcino-
ma (54 males and 66 females; age range, 28–78 years; median
age, 58 years) were included in this study.

This study was approved by the Institutional Review Board
at the Cancer Hospital of the Chinese Academy of Medical
Sciences. Since the study was retrospective and the data were
analyzed anonymously, the need for written informed consent
was waived.

Fig. 1 Flowchart depicting the patient selection
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CT examination and post-processing

All DESCT examinations were performed using a Discovery
CT 750 HD scanner (GE Healthcare) before treatment. The
scanning parameters were as follows: fast switching tube volt-
age between 80 and 140 kVp, with a cycle of 0.5 ms; tube
current of 550 mA; tube rotation time of 0.6 s; helical mode,
pitch of 0.984; collimation of 40mm; large body field-of-view
(FOV); slice thickness/interval for axial images, 1.25 mm/
0.8 mm; and scan coverage from the apex of the lung to the
adrenal gland. All patients were intravenously injected with
85–95 ml of contrast media (300 mg/ml) using a power injec-
tor at a rate of 2.5 ml/s. Scan acquisition commenced after a
35-s delay.

The original data acquired from DESCTwere reconstruct-
ed into material decomposition images and monochromatic
images. The reconstructed images were sent to a post-
processing workstation (Advantage Workstation 4.6, GE
Healthcare). Gemstone Spectral Imaging (GSI) Volume
Viewer software (GE Healthcare) was used to acquire and
analyze the DESCT quantitative parameters on the
workstation.

DESCT image analysis

The visual analyses of morphological features were conducted
by two experienced radiologists. The morphological CT tex-
ture features included solid nodule (SN), part-solid nodule
(PSN) or mixed GGO, and non-solid nodule (NSN) or pure
GGO; NSN was defined as a hazy increased opacity of lung,
with preservation of bronchial and vascular margins; PSNwas
defined as a combination of ground glass and solid attenua-
tion, which obscures the underlying lung architecture on CT;
the NSN and PSN were both referred to as sub-solid nodule
(SSN) [26–29]. Other morphological features including tumor
size (the longest diameter on the transverse lung window im-
age), lobulation, spiculation, air bronchogram, vacuole sign,
and pleural retraction were also evaluated.

For quantitative analysis, the thoracic CT images were
evaluated by a radiologist with 10 years of experience
interpreting thoracic CT images. Regions of interest (ROI)
were placed at the center of the tumor that was selected on
the axial CT slice to depict its maximum diameter manually.
For SN, the tumors were measured in a mediastinum window
(wide = 350, level = 50). For SSN, the ROIs were measured in
a lung window (wide = 1500, level = -600), within which the
entire tumor could be visualized.

The IC and WC of each lesion were measured from the
iodine- and water-based material decomposition images. To
minimize the variations caused by the patient’s circulation sta-
tus and the scanning times, the IC and WC of each lung lesion
were normalized to the IC and WC of the thoracic aorta, re-
spectively, where IC was normalized as NIC = IClesion/ICaorta

andWCwas normalized as NWC=WClesion/WCaorta at the T6
level. The GSI software automatically propagated the ROIs to
all monochromatic imageswith energies from 40 to 140 keV to
generate the spectral attenuation curves. The slope λ HU was
calculated as slope λ HU= (CT40 keV - CT100 keV)/(100–40).
The enhanced CT numbers on the 70 keV monochromatic
images (CT number at 70 keV) were also measured because
the conventional polychromatic images at 120 kVp had an
average energy of approximately 70 keV in GSI mode. To
summarize, four types of quantitative data were obtained from
the DESCT images: the CT number at 70 keV, NIC, NWC, and
slope λ HU.

EGFR mutation analysis

A molecular analysis of the mutation status of the EGFR was
examined with a polymerase chain reaction-based amplifica-
tion refractory mutation system using the Human EGFR Gene
Mutations Detection Kit (Beijing ACCB Biotech Ltd.). Based
on the outcome of the EGFR test, the patients were divided
into two groups: the EGFR mutation group and the EGFR
wild-type group.

Statistical analysis

The statistical analyses were performed using the SPSS
software, version 20. Quantitative data with a normal dis-
tribution were presented as means ± standard deviations.
The potential factors of EGFR identification were ana-
lyzed by univariate and multivariate analyses. In univari-
ate analyses, continuous data were compared using inde-
pendent sample t test for normal distribution or using
non-parametric K-S test for abnormal distribution; cate-
gorical data were compared using a chi-square (χ2) test.
Multiple analyses were performed to identify independent
factors in order to predict EGFR mutation status. The sig-
nificant factors in univariate analysis were identified as
candidate covariates in a logistic regression model with
backward elimination method. A receiver operating char-
acteristic (ROC) curve was generated to estimate the pre-
dictive value of the significant factors for EGFR identifi-
cation. The predictive capability was determined by cal-
culating the area under the curve (AUC). The level of
significance was defined as p = 0.05.

Results

Patient characteristics and EGFR mutations

The patients’ characteristics are reported in Table 1.
According to the outcomes of EGFR testing, 66 patients had
EGFR mutations (the EGFR mutation group) and 54 patients
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exhibited no EGFR mutations (the EGFR wild-type group).
The EGFR mutation rate was 55.0% (66/120).

Analysis of DESCT morphological features
and quantitative parameters for EGFR mutations

The univariate analysis data for the radiographic features of
EGFR mutations and wild-type disease are presented in Table
2. For morphological features, only the CT texture feature
difference has statistical significant (p = 0.047). For DESCT
quantitative parameters, the NIC and slope λ HU values dif-
fered significantly between the EGFR mutation and wild-type
groups (p = 0.010 and p = 0.015, respectively; Figs. 2 and 3).
However, there was no significant difference observed in CT
number at 70 keV and the NWC between two groups (p =
0.930 and p = 0.838, respectively).

Moreover, multivariate logistic analysis of DESCT candi-
date covariates (CT texture type, NIC and slope λ HU) indi-
cated that the NIC was the only significant DESCT quantita-
tive parameter associated with EGFR mutations (odds ratio
[OR] = 135.251, p = 0.014) (Table 2), and the AUC for the
prediction of EGFR mutation was 0.650 (95% confidence
interval [CI] 0.551–0.750, p < 0.005; Fig. 4). The optimal

cutoff value was 0.15 with a sensitivity of 0.71 and specificity
of 0.57.

Multivariate analyses of DESCT quantitative
parameters and clinical features for EGFR mutations

Results frommultivariate logistic analysis of DESCTand clin-
ical candidate covariates (sex, smoking status, CT texture
type, NIC, and slope λ HU) indicated that smoking history
(OR = 3.23, p = 0.005) and NIC (OR = 58.026, p = 0.049)
were the two significant factors associated with EGFR muta-
tions. Based on this analysis, the two significant factors
(smoking history and NIC) were combined to determine the
predictive value for EGFR mutations with the AUC value of
0.702 (95% CI 0.607–0.798, p = 0.000; Fig. 4).

Discussion

The present study showed a significant correlation between
EGFR mutations of pulmonary adenocarcinoma and NIC, a
DESCT quantitative parameter, in both univariate and multi-
variate analyses. The pairwise comparisons demonstrated that
the NIC values of the EGFR mutation group were

Table 1 Association between
patients characteristics with
EGFR mutation status

Variables Total EGFR p

+ –

No. of patients 120 66 54

Age (years) 55.97 ± 11.57 56.89 ± 10.76 54.85 ± 12.50 0.336

Sex

Female 66 42 24 0.037

Male 54 24 30

Smoking

Never smoked 79 52 27 0.001

Smoker 41 14 27

Location

Peripheral 115 63 52 0.819

Central 5 3 2

Pathology acquisition

Radical surgery 106 60 46

Palliative surgery 10 4 6 0.589

Biopsy 4 2 2

TNM stage*

I 56 33 23

II 22 11 11 0.772

III 28 16 12

IV 0 0 0

Values are mean ± standard deviation or number. Significant p values are in italics. P< 0.05 indicates significant
difference

*106 patients who underwent radical surgery have pathological TNM stage
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Table 2 Univariate and multivariate analysis of DESCT characteristics with EGFR mutation status

Variables Total EGFR p value Multivariate analysis*

+ – OR p value

Maximum tumor size 3.05 ± 1.62 2.97 ± 1.39 3.07 ± 1.88 0.728
CT texture feature
SN 95 48 47 Reference
PSN (mixed GGO) 14 12 2 0.047 1.064 0.394
NSN (pure GGO) 11 6 5 4.010

Other morphologic features
Lobulation 84 46 38 0.936
Spiculation 48 27 21 0.822
Air bronchogram 39 25 14 0.164
Vacuole sign 22 14 8 0.638
Pleural retraction 61 38 23 0.102

Quantitative parameters
CT number at 70 keV -7.83 ± 144.95 -6.76 ± 145.86 -9.12 ± 145.18 0.930
NIC 0.20 ± 0.11 0.23 ± 0.12 0.17 ± 0.10 0.010 135.251 0.014
NWC 0.93 ± 0.15 0.93 ± 0.15 0.94 ± 0.15 0.838
Slope λ HU 1.88 ± 0.97 2.07 ± 0.98 1.64 ± 0.91 0.018 1.652 0.959

Values are mean ± standard deviation or number. Significant p values are in italics. P< 0.05 indicates significant difference

SN solid nodule, NSN non-solid nodule, PSN part-solid nodule, GGO ground-glass opacity, NIC normalized iodine concentration, NWC normalized
water concentration. Slope λ HU the slope of the spectral HU (Hounsfield unit)

*Obtained by logistic regression model with backward stepwise selection of variables

Fig. 2 Images of a 70-year-old female patient with no smoking history,
diagnosed with pulmonary adenocarcinoma. a A dual-energy spectral
computed tomography (DESCT) image reveals a part-solid nodule
(PSN) or mixed ground-glass opacity (GGO) in the superior lobe of right
lung. b, c The iodine-based material-decomposition images reveal that
the iodine concentration (IC) of the nodule is 22.57μg/cm3 (L1), the IC of

the aorta is 91.33 μg/cm3 (L2). The normalized IC (NIC) of this lung
adenocarcinoma is 0.25 (22.57/91.33). d The graph shows the spectral
Hounsfield unit (HU) curve of the nodule and that the slope of the spectral
attenuation curve (slope λ HU) is 1.74. e The molecular pathological
result post-surgery reveals the presence of epidermal growth factor
(EGFR) mutations
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Fig. 3 Images of a 65-year-old male patient with smoking history,
diagnosed pulmonary adenocarcinoma. a A dual-energy spectral
computed tomography (DESCT) image reveals a solid nodule (SN) in
the superior lobe of right lung. b, c The iodine-based material-decompo-
sition images reveal that the iodine concentration (IC) of the nodule is
7.07 μg/cm3 (L1), the IC of the aorta is 80.78 μg/cm3 (L2). The

normalized IC (NIC) of this lung adenocarcinoma is 0.09 (7.07/80.78).
d The graph shows the spectral Hounsfield unit (HU) curve of the nodule
and that the slope of the spectral attenuation curve (slope λHU) is 1.33. e
The molecular pathological result post-surgery reveals no epidermal
growth factor (EGFR) mutations (i.e., wild-type)

Fig. 4 A receiver operating
characteristic (ROC) curve of the
normalized iodine concentration
(NIC) for the prediction of
epidermal growth factor receptor
(EGFR) mutations in lung
adenocarcinoma (green line); the
area under the curve (AUC) is
0.650 (95% confidence interval
[CI] 0.551–0.750, p < 0.005). The
ROC curve for the combined NIC
and smoking history for the
prediction of EGFR mutation in
lung adenocarcinoma (blue line);
the AUC is 0.702 (95%CI 0.607–
0.798, p < 0.000)
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significantly higher than those of the EGFR wild-type group
(p = 0.010), which has not been reported previously. Since
iodine is the main component of the CT contrast medium,
measuring the iodine concentration using an iodine density
image reflects the enhancement of lesions and could have
potential for assessing the relative vascularity of small pulmo-
nary nodules [30, 31]. Our results may be attributed to the rich
blood supply of lung adenocarcinomas with EGFRmutations.
Studies have shown that in addition to cancer genesis and
development, EGFR also plays important roles in both phys-
iological and pathological angiogenesis through its effects in
endothelial cells and tumor cells by producing angiogenic
signals, thereby stimulating angiogenesis through a very com-
plicated biological process [32, 33]. The tumor angiogenesis
induced by EGFR may result in an increased blood supply in
lung adenocarcinomas with EGFR mutations, and this in-
crease may be embodied by the NIC quantitative parameter.

Unlike previous radio-genomic studies that focused on cor-
relations between conventional CT features and EGFR muta-
tions in lung adenocarcinoma, our study elucidates the possi-
ble correlations between DESCT quantitative parameters and
EGFR mutations with histologically confirmed pulmonary
adenocarcinoma. To the best of our knowledge, our result
was the first time to demonstrate that NIC might be a potential
quantitative index for predicting EGFR mutations in lung ad-
enocarcinoma. In addition to NIC, the univariate analysis re-
vealed that the slope λHU value in the EGFR mutation group
was also significantly different from that in the EGFR wild-
type group (p = 0.015). Theoretically, each material has its
unique X-ray linear attenuation coefficient, so the curve slope
λ HU obtained by DESCT is a relatively accurate quantitative
data for material identification [34, 35]. This finding suggests
that the slope λ HU might be potentially used to differentiate
EGFR status in lung adenocarcinomas. However, the slope λ
HU was not a significant factor in our multivariate logistic
analysis.

On conventional CT images, GGO is a relatively signifi-
cant and important texture observed in lung adenocarcinomas
compared to other solid tumors. In this study, the PSN or
mixed GGO rate in tumors with EGFR mutations was obvi-
ously higher than that in EGFR wild-type tumors (18.2% vs.
3.7%), which is consistent with findings from previous studies
[8–11]. This phenomenon may be due to the fact that EGFR
mutations appear more frequently in lepidic predominant ad-
enocarcinomas [36, 37]. Moreover, the CT number at 70 keV
in GGO was quite different from that in solid nodules which
due to the extremely low CT number of air. This interference
may explain why the CT number at 70 keV was not a signif-
icant factor in this study, despite the fact that the CT number
can also reflect iodine attenuation in tumors. However, a pre-
vious study conducted by Aoki et al found that the NIC was
not affected by GGO, unlike the CT number [38].
Additionally, Kawai et al reported that contrast enhancement

of GGO can be evaluated using contrast mapping images by
DESCT [39]. These studies suggest that iodine quantification,
unlike CT number, is hardly affected by GGO component.
Therefore, the NIC could be a reliable and accurate imaging
biomarker to evaluate the difference in blood volume between
tumor subtypes [40].

In this East Asian patient cohort study, 55.1% (66/120)
of the cases were identified as EGFR mutations. Besides
the ethnicity factor, EGFR mutations were also correlated
with specific clinical characteristics, including nonsmok-
ing status and the female sex, which is consistent with
the previous studies [6, 7]. Furthermore, multivariate anal-
ysis revealed that smoking status was a significant predic-
tive factor in addition to the NIC. Combining these two
significant factors (smoking history and the NIC), results
demonstrated a moderate predictive value for EGFR muta-
tions identification in pulmonary adenocarcinomas
(AUC = 0.702, p < 0.000; Fig. 4).

Indeed, our study still had several limitations. First, the data
came from a single center and the enrolled sample size was
relatively small; however, the homogeneity of the study pop-
ulation with a high EGFR mutation rate enabled identification
of significant associations in the absence of a larger population
analysis. Second, since the GSI viewer software did not sup-
port 3D volume analysis of tumors, the evaluation process was
only 1 single slice per tumor, which did not take into account
the entire biology features of the lesion. Third, in the patients
of the EGFR wild-type group, there were also many different
oncogenes present, such as ALK and KRAS, which require
further refined study.

In conclusion, this study demonstrated that the NIC from
contrast-enhanced DESCT might be a potential predictive
quantitative parameter for identification of EGFR mutations
in patients with pulmonary adenocarcinoma. The ability to
identify this therapeutic target may facilitate personalized pre-
cision treatment of patients with this disease.
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