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A B S T R A C T

Introduction: To investigate the utility of quantitative dual-energy spectral CT derived iodine concentration (IC),
in comparison with conventional CT attenuation, for the differentiation of pulmonary metastases from different
primary malignancies.
Materials and methods: CT scans were performed on a dual-layer spectral CT. We retrospectively evaluated
pulmonary metastases of 130 patients (77 men and 53 women, mean age 63, range 22–87) with primary bone
(OS) (osteosarcoma; n= 6), breast (invasive-ductal adenocarcinoma; n= 17), colorectal (CRC) (adenocarci-
noma; n= 27), head and neck (HNC) (squamous cell carcinoma; n=17), kidney (RCC) (clear-cell renal cell
carcinoma; n= 10), lung (adenocarcinoma; n= 12), pancreato-biliary (PBC) (adenocarcinoma; n=18), pros-
tate (adenocarcinoma; n=5), soft tissue (undifferentiated pleomorphic sarcoma; n=6), skin (malignant mel-
anoma; n= 6), and urinary tract (transitional-cell carcinoma; n= 6) malignancies. Quantitative IC and con-
ventional CT numbers (HU) were extracted and normalized to the thoracic aorta. Differences between the groups
were assessed by pairwise t-tests with Holm-Sidak post-hoc p-value adjustment for multiple comparisons.
Diagnostic accuracy was evaluated by receiver operating characteristic (ROC) analysis.
Results: Significant differences in IC and HU were noted for pulmonary metastases from RCC (IC: 2.83mg/ml;
HU: 93.12) versus breast cancer (IC: 1.47mg/ml, adjusted p < 0.05; HU: 59.57, adjusted p < 0.05), CRC (IC:
1.23 mg/ml, adjusted p < 0.001; HU: 49.82, adjusted p < 0.001) and HNC (IC: 1.54mg/ml, adjusted
p < 0.05; HU: 58.91, adjusted p < 0.01). Based on IC alone, significant differences were further observed
between metastatic lesions from CRC versus OS (IC: 2.36mg/ml, adjusted p < 0.001), PBC (IC: 2.16mg/ml,
adjusted p < 0.001) and urinary tract carcinoma (IC: 2.21mg/ml, adjusted p < 0.05). Based on IC and HU,
pulmonary metastases from OS, HNC and RCC may be differentiated from other pulmonary metastases (area
under ROC curve, 0.69-0.79). The diagnostic accuracy to discriminate between pulmonary metastases from PBC
and those from other malignancies was significantly higher based on IC as compared to HU (area under ROC
curve, 0.66; p < 0.05); no significant differences in diagnostic accuracy were noted for other differentiations.
Conclusions: Our findings demonstrate the utility of both dual-energy CT derived quantitative IC and conven-
tional CT attenuation values for the differential diagnosis in suspected pulmonary metastases of unknown origin,
however giving preference to the use of IC.

1. Introduction

Computed tomography (CT) imaging is the gold standard for de-
tection and evaluation of pulmonary metastases. However, for the

further differentiation of nodules suspicious for metastases and to es-
tablish the primary tumor, only a few unspecific CT imaging criteria are
presently used. These include tumor margins, calcifications, and cavi-
tation [1]. This is not ideal, as the correct identification of the primary
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tumor metastasizing into the lungs may be crucial for the prognosis and
future therapy [2].

Recently dual-energy computed tomography (DECT) has shown
potential to improve the characterization of pulmonary lesions. DECT
techniques can be based on various scanner concepts, and include dual-
source CT scanners, rapid kVp-switching of a single X-ray tube or dual-
layer spectral CT detectors [3]. Amongst several possible applications
based on DECT data, the most widely used are iodine distribution maps,
yielding quantitative iodine concentrations (IC) or iodine densities in
the tissue of interest, utilized as a surrogate of vascularization [4].
Recent phantom studies confirmed high accuracy of IC obtained by the
different DECT platforms [5,6]. However, dual-layer CT and rapid-kVp-
switching CT systems provided slightly more accurate results [6].

DECT-derived IC or iodine densities have been successfully applied
for the differentiation of primary lung cancer [7,8], to evaluate therapy
response in lung cancer [9] and to discriminate benign from malignant
pulmonary nodules, including pulmonary metastases [10–13]. Most of
these previous studies did not further quantitatively sub-classify me-
tastatic lesions in terms of the location and histology of their primary
tumors.

The purpose of our study was to investigate the diagnostic utility of
the DECT-derived quantitative imaging biomarker IC and conventional
CT attenuation values for the differentiation of pulmonary metastases
from different primary neoplasms. We hypothesized that quantitative
DECT imaging biomarkers obtained from a single venous phase scan
protocol could improve the differentiation of metastatic pulmonary
lesions compared to conventional CT attenuation measurements.

2. Materials and methods

2.1. Patients

This retrospective, single-center study was approved by our in-
stitutional review board, and a waiver of informed consent was ob-
tained. We analyzed spectral CT imaging studies performed at our de-
partment for staging of a suspected or known malignancy between
September 2016 and April 2018. By performing a computerized search
within the radiology information system, we identified 536 patients
with suspected pulmonary metastases. 191 patients with histopatholo-
gically confirmed primary tumors demonstrated new pulmonary me-
tastases within the observation period. When histopathological analysis
of the metastatic lesion following biopsy and/or surgical resection was
not available (87 patients), the final diagnosis was proven by clinical
follow-up> 6 months demonstrating progression of the pulmonary
metastases, defined by the appearance of new lesions or> 20% pro-
gression in size. 52 patients who had already received specific treat-
ment for pulmonary metastases (systemic, local) prior to the CT scan
were excluded from further analysis. 9 additional patients were ex-
cluded due to insufficient lesion size (diameter< 5mm) to avoid par-
tial volume averaging. We finally included 130 patients in our analysis
with the following primary neoplasms: osteosarcoma (n=6), invasive-
ductal adenocarcinoma of the breast (n= 17), colorectal adenocarci-
noma (n= 27), squamous-cell carcinoma of the head and neck
(n=17), clear-cell renal cell carcinoma (n=10), adenocarcinoma of
the lung (n=12), pancreato-biliary adenocarcinoma (n= 18), adeno-
carcinoma of the prostate (n=5), undifferentiated pleomorphic sar-
coma (n=6), malignant melanoma (n=6), transitional-cell carci-
noma (n=6). This group comprised 77 men and 53 women with a
mean age of 63 (range 22 to 87). The mean size of pulmonary metas-
tases was 1498 mm3 (range 96 to 16,876). Fig. 1 shows the patient
accrual process from target cohort to final study population with in-
clusion and exclusion criteria.

2.2. CT examination protocol

All patients were examined using a dual-layer spectral CT (IQon;

Philips Healthcare, The Netherlands) using the same routine protocol.
Contrast material (Iomeprol, Imeron 400 MCT, 400mg/ml; Bracco
Imaging Deutschland GmbH, Konstanz, Germany) was administered
intravenously using a standard dosage of 1.2 ml per KG body weight at
a flow rate of 2–2.5 ml/s, followed by 30mL of saline solution at the
same flow rate. Scan delay time was 70 s after the start of contrast
medium injection, considered a venous phase scan. The following
scanning parameters were used: 120 kVp; automatic tube current se-
lection with resulting exposures of 37–84mA s; 512×512 matrix; scan
FOV 400mm; collimation 64×0.625mm; reconstructed slice thickness
and interval 0.9 mm/0.9mm with a soft tissue kernel). Conventional
and spectral basis images were reconstructed using the iDose4 (Philips
Healthcare, The Netherlands) reconstruction algorithm at level 6
(maximum level 7). The mean volume-weighted CT dose index
(CTDIvol), and dose-length product (DLP) for the complete protocol
were 4.4mGy and 180 mGy*cm, respectively, corresponding to an ef-
fective dose of 2.5 mSv (conversion factor 0.014).

2.3. Quantitative analysis

Quantitative analysis of spectral CT images using commercially
available software (IntelliSpace Portal v. 10.1, Philips Healthcare, USA)
was performed in consensus by a resident fellow in radiology (3 years of
radiology experience) and a senior radiologist (11 years of radiology
experience), who were blinded for the histological diagnosis of the
primary tumor. In every patient, lesion volume was semi-automatically
segmented in the axial plane on virtual non-contrast images, derived
from spectral CT, with soft tissue window settings, creating a volume-
of-interest of the pulmonary metastasis. According to previous studies
and our own experiences, segmentation of lung lesions in virtual non-
contrast images as compared to contrast-enhanced images results in a
significant volume reduction [14]. By this approach, we aimed to
minimize ‘volume averaging’ effects by excluding the lesion’s periph-
eral voxels at the cost of an underestimation of the true lesion volume.
Based on recommendations from a recent phantom study, partial vo-
lume effects given our reconstructed slice thickness of 0.9mm would
allow for acceptable detection and characterization of a minimum
spherical lesion diameter of 1.5mm, corresponding to a volume of 1.77
mm3 [15]. The smallest lesion included in our series measured 96mm3,
since the software algorithm failed to detect the contours reliably in
smaller lesions. A circular two-dimensional region-of-interest was
manually placed in the descending aorta. Exploiting the dual-layer
concept, the software simultaneously provides conventional polychro-
matic CT images and iodine-density maps. Mean values of the following
parameters were obtained and recorded for each patient: IC in mg/ml
and attenuation values in HU on conventional CT images. To account
for hemodynamic inter-patient variations, the measured parameter
values in the volume-of-interest of the pulmonary metastasis were
normalized using the following formula: (parameter value ‘pulmonary
metastasis’) x [(mean parameter value ‘thoracic aorta’ of all patients) /
(individual parameter value ‘thoracic aorta’)]. By this approach, instead
of using ratios as previously described [11,16], we obtained normalized
values in the actual unit of measurement.

2.4. Statistical analysis

Statistical differences between means of measured IC and HU in
histology groups were analyzed by pairwise t-tests followed by Holm-
Sidak post-hoc correction for multiple comparisons. We further com-
pared the diagnostic accuracy of IC and HU to discriminate between
pulmonary metastases from a specific primary tumor and those of other
malignancies. Accuracy was measured by the area under the corre-
sponding receiver operating characteristic curve (AUC). Differences
between the AUCs were compared using the method of DeLong et al.
[17]. Statistical significance was considered at a P value of< 0.05.
Statistical analyses were performed using the software applications
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GraphPad Prism (Version 7, GraphPad Software Inc., La Jolla, CA),
MedCalc (Version 7.4.4.1, MedCalc Software, Mariakerke, Belgium)
and IBM SPSS Statistics (Version 24, IBM Corp., Armonk, N.Y., USA).

3. Results

Representative results for two patients with pulmonary metastases
from rectal adenocarcinoma and cholangiocellular carcinoma are pre-
sented in Fig. 2 a–d.

3.1. Quantitative iodine concentration and conventional CT attenuation for
pulmonary metastases from different primaries

Quantitative results for the dual-energy CT derived IC and con-
ventional CT attenuation values in HU for pulmonary metastases from
different primary tumor locations and entities are provided in Table 1
and illustrated in Fig. 3, a–b.

3.2. Pairwise comparisons of mean iodine concentration and conventional
CT attenuation values

Supplemental file 1, table S1 demonstrates the results of pairwise
comparisons of mean IC and HU values, reported in mean differences
with standard error, non-adjusted p-values from pairwise t-tests and
adjusted p-values after Holm-Sidak post-hoc correction for multiple
comparisons. Significant differences in IC and HU were observed for

metastatic pulmonary lesions from renal cell carcinoma versus carci-
noma of the breast (IC/HU: adjusted p < 0.05), colorectum (IC/HU:
adjusted p < 0.001) and head and neck (IC: adjusted p < 0.05; HU:
adjusted p < 0.01). Metastatic lesions from colorectal adenocarcinoma
further differed significantly in the quantitative IC imaging biomarker
compared to those from osteosarcoma (adjusted p < 0.001), pan-
creato-biliary (adjusted p < 0.001) and urinary tract carcinoma (ad-
justed p < 0.05). Results from pairwise comparisons are illustrated in
Fig. 3, a–b.

3.3. Comparison of diagnostic accuracies by receiver operating
characteristic curve analysis

We assessed the diagnostic accuracy of mean IC and HU values to
discriminate pulmonary metastases from a particular primary tumor
from those of various other malignancies. Receiver operating char-
acteristic (ROC) curves are presented in Fig. 4, a–b, corresponding
AUCs from ROC curve analysis are provided in Table 2. AUC values for
the differentiation of osteosarcoma (AUC IC: 0.74; AUC HU: 0.7), head
and neck squamous cell carcinoma (AUC IC: 0.75; AUC HU: 0.69),
clear-cell renal cell carcinoma (AUC IC: 0.75; AUC HU: 0.69) and
pancreato-biliary adenocarcinoma (AUC IC: 0.66) are significantly
different from 0.5 (p < 0.05, respectively), which indicates that they
are useful diagnostic tests in the given situations. For pulmonary me-
tastases originating from other tumors, discrimination is not reliably
feasible based on IC and HU measurements. For the differentiation of

Fig. 1. Flowchart shows patient recruitment process from target cohort to final study population with inclusion and exclusion criteria.
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pulmonary pancreato-biliary adenocarcinoma metastases from other
pulmonary metastases, the diagnostic accuracy based on HU values was
significantly lower as compared to IC (p < 0.05); no significant

differences in diagnostic accuracy were noted for other differentiations.
Results of ROC curve analysis for the distinction of urinary tract car-
cinoma metastases from other pulmonary metastases are not

Fig. 2. Dual-energy spectral CT studies of pulmonary metastases in a 52-year-old woman with rectal adenocarcinoma (a, c) and a 70-year-old man with cho-
langiocarcinoma (b, d). Conventional CT images (a, b) and quantitative iodine concentration maps (c, d) with obtained quantitative parameter values are given for
the delineated volume-of-interest (red color). The differences between the metastases become more pronounced when the quantitative iodine concentration bio-
marker is considered.

Table 1
Mean values of iodine concentration and conventional HU of lung metastases from different primary tumors.

Primary Location Histology Sample n= IC (mg/ml) HU

bone osteosarcoma 6 2.36 ± 0.66 [1.66-3.05] 78.71 ± 18.82 [58.96-98.46]
breast invasive-ductal adenocarcinoma 17 1.47 ± 0.58 [1.17-1.77] 59.57 ± 18.7 [49.96-69.19]
colorectum adenocarcinoma 27 1.23 ± 0.547 [1.01-1.44] 49.82 ± 22.04 [41.1-58.54]
head and neck squamous cell carcinoma 17 1.54 ± 0.45 [1.31-1.77] 58.91 ± 15.68 [50.85-66.97]
kidney clear-cell carcinoma 10 2.83 ± 1.22 [1.96-3.7] 93.12 ± 22.46 [77.05-109.2]
lung adenocarcinoma 12 1.6 ± 0.9 [1.03-2.17] 53.76 ± 28.9 [35.4-72.12]
pancreato-biliary tract adenocarcinoma 18 2.16 ± 0.742 [1.79-2.53] 66.81 ± 25.28 [54.25-79.38]
prostate adenocarcinoma 5 1.63 ± 0.44 [1.08-2.17] 62.26 ± 16.7 [41.53-82.99]
soft tissue undifferentiated pleomorphic sarcoma 6 2.14 ± 0.92 [1.18-3.1] 81.12 ± 29.85 [49.79-112.4]
skin melanoma 6 2.28 ± 1.19 [1.04-3.53] 73.95 ± 26.31 [46.34-101.6]
urinary tract transitional cell carcinoma 6 2.21 ± 0.61 [1.57-2.85] 73.66 ± 19.87 [52.8-94.51]

Listed are mean values ± standard deviation and 95% confidence intervals of the mean in brackets. Primary tumors are specified by their primary location and
histology. IC indicates iodine concentration on dual-energy CT; HU the conventional CT attenuation values in Hounsfield units.
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conclusive. The AUC based on IC is significantly different from 0.5
(p < 0.05), which is not the case for HU; conversely, no significant
differences between the AUCs based on the two different parameters
were noted (p= 0.51).

4. Discussion

First, this study provides a reference range of the quantitative IC
values derived from DECT imaging and conventional HU values for a
variety of pulmonary metastases. We could demonstrate significant
differences for metastases of renal cell carcinoma versus those of breast,
colorectal and head and neck carcinoma and metastases of colorectal
carcinoma versus osteosarcoma, pancreato-biliary and urinary tract
carcinoma. Based on both IC and HU, pulmonary metastases from os-
teosarcoma, head and neck and kidney carcinoma may be differentiated
from other pulmonary metastases. Based on HU, differences between
the groups were less pronounced with fewer significantly different
pairings and a significantly lower diagnostic accuracy to discriminate
between pulmonary metastases from pancreato-biliary and those from
other malignancies. Our findings support the use of quantitative DECT
imaging biomarkers for the diagnostic work-up of suspected pulmonary
metastatic lesions. However, in the majority of cases, a definite differ-
entiation between all histologic subtypes is not feasible. An advantage
of DECT derived IC over conventional HU values was consistently de-
monstrated by several previous studies, suggesting a more reliable de-
tection of subtle enhancement differences [11,12,18–20]. Phantom
studies comparing modern dual-energy and spectral CT systems from
different vendors confirmed excellent accuracy and agreement of IC
measurements [5,6]. CT attenuation profiles, however, differed sig-
nificantly in a recent study [5], which substantiates the use of IC for
clinical routine. Iodine uptake can be utilized as a surrogate marker for
tumor perfusion and angiogenesis [4]. The degree of pulmonary vas-
cular neogenesis varies considerably between metastases from different
tumors, which tend to duplicate the vasculature architecture of their
primary tumor [21,22], which may finally result in similar enhance-
ment patterns. Accordingly, tumors typically considered to result in
hypervascular (e.g. clear-cell renal cell carcinoma) or hypovascular
(e.g. colorectal, breast or prostate adenocarcinoma) metastases in the
liver [23,24] show similar enhancement patterns in pulmonary meta-
static lesions in our series. Conversely, hypervascular liver metastases
have also been reported in patients with colon, gastric and breast
adenocarcinoma [25], although less frequently, which provides a pos-
sible explanation for the relatively large within-group variances in our
series. Several previous works have demonstrated that reliable dis-
crimination of benign from malignant pulmonary nodules can be
achieved by conventional [26,27] or DECT [10,11] imaging. But there
has not yet been a larger effort to use this approach to sub-classify the
involved malignant lesions. So far, there is only one recent DECT re-
search study that has evaluated the iodine uptake of pulmonary me-
tastases from different primary tumors [28]. The statistical assessment
of this study was focused on the assessment of kinetic contrast en-
hancement profiles in a dual-phase acquisition protocol. The scope of
this report was limited in terms of a relatively small sample size (70
patients) and few tumor entities (six). Consistent with our report, me-
tastases from colorectal adenocarcinomas yielded low, lung carcinomas
intermediate and sarcomas conspicuous contrast enhancement. By
contrast, malignant melanomas, traditionally considered to cause hy-
pervascular metastases [29], showed low enhancement on venous
phase in this previous versus relatively high IC in our study. The results
of iodine uptake in this previous report were not presented in the
standard unit milligram per volume, thereby preventing quantitative
comparison with our results, and precluding their use as reference va-
lues for institutions working with different vendor platforms. In gen-
eral, finding the primary site of a suspected metastatic lesion is im-
perative to permit the planning of treatment approaches [2]. The usual
diagnostic approach to suspicious lung lesions detected on chest x-ray
or CT includes surgical resection or tissue sampling via biopsy, e.g.
transbronchial or CT-guided. Surgical resection carries considerable
risks for patients with multiple comorbidities and nodules located in
proximity to the mediastinum, major vessels or behind the heart can be
technically challenging and dangerous to biopsy. Moreover, biopsy

Fig. 3. Quantitative results for the dual-energy CT derived iodine concentration
and conventional CT attenuation values. (a) Median and mean values of iodine
concentration (IC), (b) conventional Hounsfield unit values (HU), both with
quartiles, minimum and maximum values, for pulmonary metastases from
primary bone (osteosarcoma), breast (invasive-ductal adenocarcinoma), color-
ectal (adenocarcinoma), head and neck (squamous cell carcinoma), kidney
(clear-cell renal cell carcinoma), lung (adenocarcinoma), pancreato-biliary
(adenocarcinoma), prostate (adenocarcinoma), soft tissue (undifferentiated
pleomorphic sarcoma), skin (malignant melanoma) and urinary tract (transi-
tional-cell carcinoma) malignancies. The plus indicates the mean value.
Presented are results of pairwise t-tests followed by Holm-Sidak post-hoc cor-
rection for multiple comparisons. For both quantitative imaging biomarkers,
metastases from kidney carcinoma differ significantly compared to those of
various other primary tumors. For IC alone, additional significant differences
between colorectal carcinoma versus osteosarcoma, pancreato-biliary and ur-
inary tract carcinoma are observed. * indicates an adjusted P value of< 0.05,
**< 0.01, ***< 0.001.
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results may be equivocal requiring rebiopsy. Clinical situations where
integration of IC derived from DECT imaging could add additional
value to the diagnostic work-up include metastatic cancer of unknown
primary and suspected pulmonary metastases in single or multiple
known extrapulmonary malignancies. Pulmonary metastases with oc-
cult primary present a frequent diagnostic and therapeutic challenge.
The lack of a detectable primary tumor in conventional imaging tra-
ditionally involves a series of investigations to locate the primary site of
the tumor. These diagnostic studies include mammograms, panendo-
scopy of the upper aerodigestive pathways, bronchoscopy, gastroscopy,
colonoscopy, diagnostic laparotomy, or 18F-FDG-PET. Many of these
tests are not only painful or distressing to patients, but also unsuccessful
in locating the primary location of metastatic disease. Therefore ex-
tensive unguided clinical evaluation may put a substantial financial
burden on the health care system with a negative cost-to-benefit ratio
[30,31]. The ranges of IC for different metastatic pulmonary lesions
provided in our study help to favor a specific primary tumor site and
thus avoid unnecessary diagnostic procedures, particularly in patients

where tissue sampling from the suspected lung metastasis is unsafe,
infeasible, or otherwise unsuccessful. Based on the reference parameter
values in our study, metastatic lesions with relatively low IC values
suggesting colorectal carcinoma may thus directly lead to a colono-
scopy whereas relatively high IC values may guide further diagnostics
to systematic skin examination and additional abdominal imaging for
suspected malignant melanoma and renal cell carcinoma, respectively.
Another clinical situation that benefits from DECT imaging is the ap-
pearance of pulmonary nodules in patients with a known extra-
pulmonary malignancy. Many patients suspected to have pulmonary
metastases are assigned to palliative treatment, which dramatically
changes the clinical management and prognosis. So far, there has been
no consensus or guideline whether tissue sampling with the potential
risks involved should be performed in these cases. IC values char-
acteristic of the known primary may avoid sampling, whereas non-
characteristic IC values may support clinicians in their decision to ob-
tain tissue samples for accurate diagnosis. Pulmonary lesions in these
patients may harbor a primary lung tumor or metastasis of a yet

Fig. 4. Receiver operating characteristic (ROC) curves based on (a) iodine concentration (IC) and (b) conventional CT attenuation values in Hounsfield units (HU).
The ROC curves were constructed for discrimination of pulmonary metastases from a specific primary tumor versus metastases from other malignancies. Bold dashed
lines represent ROC curves of diagnostic tests that can distinguish between the two groups (area under the ROC curve significantly different from 0.5, p < 0.05).
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unknown additional malignancy. Synchronous and metachronous ma-
lignancies are relatively common in several types of primary cancers,
due to genetic susceptibility and exposure to carcinogens including
chemo- and/or radiotherapy [32] and should thus always be considered
in follow-up imaging studies. Another diagnostic challenge involves
patients with multiple primary tumors presenting with suspicious pul-
monary lesions. In this patient group, our provided IC ranges may be
advantageous to determine which of the known primary tumors me-
tastasizes to the lungs and should, therefore, be targeted in treatment
planning. Several limitations of our present study need to be ac-
knowledged. First, pathological confirmation was not available for all
of the analyzed pulmonary metastases. However, the strict inclusion
criteria for patients and lesions without histopathological diagnosis
reduce this risk of erroneous diagnoses to a minimum. Second, not all
common primary tumors, frequently metastasizing to the lungs, are
present in our cohort, e.g. malignancies of the uterus or thyroid gland
[33]. Furthermore, no benign pulmonary lesions and no primary lung
tumors are included in our study. Particularly the discrimination of
inflammatory from neoplastic masses and solitary lung metastasis from
primary lung cancer can create diagnostic difficulties, which are not
addressed in our investigation. Third, we used a single-phase protocol,
while many investigators have applied dual- or multiphase imaging
protocols for the evaluation of pulmonary lesions, both on conventional
[26,34] and DECT [10,11,35]. The additional values of multiphase
protocols are the increased chance that the image acquisition coincides
with the tumor’s characteristic peak iodine uptake and the simulta-
neous assessment of contrast kinetics, previously suggested to improve
differential diagnosis of pulmonary lesions [13,36]. Fourth, considering
the exploratory character of this research, and with regards to the wide
ranges of standard deviations within the groups, conclusions especially
drawn from smaller and heterogeneous subgroups are tentative and
need confirmation. Further sub-classification and increased patient
numbers taking into account the histological grade or even genomic
subtypes would presumably homogenize the results and improve the
differentiation. Support for this hypothesis comes from previous studies
demonstrating significant differences in IC between tumors of different
histological grade [37,38]. Fifth, this study only includes one single
imaging parameter derived from DECT. The aim of this exploratory
study was to demonstrate the overall feasibility to differentiate pul-
monary metastases based on IC, introduced as a promising quantitative
imaging biomarker. Recently, radiomics approaches using high-
throughput extraction of a large amount of quantitative imaging fea-
tures have shown potential for histological sub-typing of primary lung
tumors [39] and discriminating malignant from benign pulmonary
nodules [40,41]. Integrating IC and additional DECT derived

parameters in radiomics feature sets opens up a host of possible future
studies.

5. Conclusions

In conclusion, the findings of our study confirm the utility of both
the DECT-derived quantitative parameter IC and conventional HU for
the distinction between pulmonary metastases of various malignancies,
however giving preference to the use of IC. Our data give an overview
of the expected ranges of quantitative parameter values which may help
to narrow down the differential diagnosis and guide further diagnostic
approaches, crucial for the prognosis and future therapy.
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Table 2
Results of ROC Curve Analysis based on iodine concentration and conventional HU.

Primary Location Histology AUC IC AUC HU Comparison p-value

bone osteosarcoma 0.74 [0.65-0.81] 0.7 [0.61-0.78] P=0.378
breast invasive-ductal adenocarcinoma 0.62 [0.53-0.70] 0.55 [0.46-0.64] P=0.172
colorectum adenocarcinoma 0.59 [0.50-0.68] 0.57 [0.48-0.65] P=0.618
head and neck squamous cell carcinoma 0.75 [0.67-0.82] 0.69 [0.61-0.77] P=0.144
kidney clear-cell carcinoma 0.79 [0.71-0.86] 0.83 [0.75-0.89] P=0.254
lung adenocarcinoma 0.55 [0.46-0.64] 0.61 [0.52-0.69] P=0.068
pancreato-biliary tract adenocarcinoma 0.66 [0.57-0.74] 0.55 [0.46-0.63] P=0.012
prostate adenocarcinoma 0.53 [0.45-0.62] 0.53 [0.44-0.62] P=0.958
soft tissue undifferentiated pleomorphic sarcoma 0.64 [0.55-0.72] 0.69 [0.60-0.77] P=0.0967
skin melanoma 0.63 [0.55-0.72] 0.59 [0.50-0.68] P=0.600
urinary tract transitional cell carcinoma 0.69 [0.61-0.77] 0.63 [0.54-0.71] P=0.507

ROC indicates receiver operating characteristic; AUC, area under the receiver operating characteristic curve; IC, iodine concentration on dual-energy computed
tomography; HU, conventional computed tomography attenuation values in Hounsfield units. ROC curves were constructed for Discrimination of pulmonary me-
tastases from a specific primary tumor versus metastases from other malignancies using IC from dual-energy CT and HU from conventional CT. Listed are AUC values
with binomial exact 95% confidence intervals in brackets and p-values from the comparison of AUCs based on IC and HU. Primary tumors are specified by their
primary location and histology. AUC values significantly different from 0.5 (P < 0.05), suggesting useful diagnostic tests, are highlighted in boldface. P-values set in
boldface indicate statistical significant differences (< 0.05).
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online version, at doi:https://doi.org/10.1016/j.ejrad.2018.12.015.
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