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Abstract
Background The goal of this study is to evaluate the performance of spectral CT-based quantitative analysis in
differential diagnosis of hypervascular hepatic metastasis (HVHM) and hepatocellular carcinoma (HCC).
Methods Spectral CT scans were performed for 47 patients with hepatic malignant tumors, including 20 patients
with HVHM and 27 patients with HCC, which generated the following sets of data: single energy images in the
arterial phase; iodine and water maps; marginal areas of lesions that manifested apparent signal
intensi cation; and energy spectral parameters of normal liver tissues and abdominal aorta. Subsequently, we
calculated the normalized iodine concentrations (NIC), lesion-normal parenchyma iodine concentration ratio
(LNR), iodine concentration difference (ICD) between the arterial phase and the venous phase, and the spectral
curve slope. An independent samples t test and receiver operating characteristic (ROC) curve analysis were applied
to examine these quantitative parameters.
Results In the arterial phase, the HVHM and HCC groups displayed no differences in NIC, LNR, or spectral
curve slope ( P > 0.05). In the venous phase, the two groups displayed signi cant differences in NIC,
LNR, and spectral curve slope; the NIC was 0.59 ± 0.08 for the HVHM group and 0.4 5 ± 0.10 for the HCC group; the
LNR was 1.17 ± 0.22 and 0.92 ± 0.16, respectively; the spectral curve slope was 1.85 ± 0.49 and 1.18 ± 0.34,
respectively. In addition, there was no signi cant difference in ICD between the HVHM group (0.54 ± 0.39 g/L) and
HCC group (0.45 ± 0.39 g/L) ( P > 0.05). Finally, there were no signi cant differences of water or iodine
concentration between the arterial phase and venous phase ( P > 0.05). Taken together, the spectral curve slope in
the portal venous phase had the best performance in differentiating HVHM from HCC.
Conclusions HVHM and HCC have apparent differences in spectral curve and concentrations of radiocontrast
agents in the portal venous phase. Hence, spectral CT imaging provides a new multiparameter quantitative
approach for differentiating HVHM and HCC.

Background
Based on the degree of blood supply, malignant liver tumors can be divided into hypervascular lesions and
hypovascular lesions. Common malignant hypervascular tumors in the liver include hepatocellular carcinoma
(HCC) as well as hepatic metastases that originate from gastrointestinal mucinous adenocarcinoma,
gastrointestinal stromal tumor, renal cell carcinoma, breast cancer, sarcoma, choriocarcinoma or other sources (1).
Hypervascular hepatic metastasis (HVHM) and HCC differ considerably in tumorigenesis, biological behavior, and
prognosis. Hence, reliable differentiation between HVHM and HCC is crucial for accurate staging, treatment plan
formulation, and prognosis assessment. The development of spectral imaging computed tomography (CT)
provides a new means for the diagnosis and identi cation of hepatic space-occupying lesions. Spectral imaging
overcomes the single-parameter problem of traditional CT imaging and generates multiparametric images for the
quantitative analysis of lesions. In this study, quantitative parameters from spectral CT was analyzed
retrospectively to differentiate the lesions of HVHM and HCC, in which the different energy spectral parameters
were compared. Based on the results, we evaluated the performance of spectral imaging CT-based quantitative
analysis in the differential diagnosis of HVHM and HCC.

Methods
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Clinical information Between October 2013 and September 2015, 47 patients with malignant hepatic tumors
underwent enhanced CT scanning in Qianfoshan Hospital, Shandong University. The cohort included 32 males
and 15 females, had an age range of 33-78 years, a median age of 57 years, and contained 20 patients with
HVHM and 27 patients with HCC. The size range of HVHM and HCC were 5.1-13.6cm and 6.6-15.3cm
respectively, a median size of 8.2cm and 9.6cm. The primary tumors of the HVHM patients included colorectal
cancer (n = 5), gastric cancer (n = 3), gastrointestinal stromal tumor (n = 2), melanoma (n = 1), kidney cancer
(n = 4), and breast cancer (n = 5). The inclusion criteria of the HVHM group (2-3) were as follows: both primary
tumors and liver metastases were con rmed with operation and biopsy pathology; enhanced CT scan revealed
signs consistent with apparent arterial phase manifestations including ring-like, nodular, or diffuse
intensi cation. The inclusion criteria of the HCC group were as follows: all patients were con rmed with
operation and biopsy pathology; enhanced CT scans revealed pronounced intensi cation in the arterial phase
and decreased intensi cation in the portal venous phase. This study was approved by the Medical Ethics
Committee of the hospital(voting for/ voting against:16/3).

1.2 Methods
1.2.1 Scanning methods CT was performed using a GE spectral CT scanner (Discovery 750 HDCT; GE Healthcare,
Milwaukee, Wis). The GSI that we used in our study could momentary switch between high and low energies
(140kVp and 80kVp) in a single X-ray tube in 0.5 milliseconds. This makes material differentiation with
monochromatic energy feasible. The monochromatic imaging can help eliminate the ray-hardening artifacts,
optimize imaging quality, and increase image contrast.9 With GSI, we can get 101 monochromatic images from
40keV to 140keV and derive images for the separation of materials such as calcium, iodine, and water. These
provide the theoretical basis for our analysis. All patients underwent abdominal enhanced scanning under
gemstone spectral imaging (GSI) mode. Fast switching of tube voltages allowed instant transition between low
and high energy states (80kVp/140kVp); the tube current was approximately 550mA; the rotation speed of X-ray
tube was 0.5 s/r; the pitch was 0.985; the detector width was 0.625 mm × 64; the slice thickness was 5 mm; and
the scan range was from top of diaphragm to lower edge of liver. Contrast agent iodohexanol (dose of 1.2mL/kg,
concentration of 300mg/mL) was injected into peripheral veins with a high-pressure syringe at a ow rate of
3.0mL/s. Prior to the arterial phase scan, the abdominal aortic CT value was used to monitor and trigger scanning
with a monitoring threshold of 120 HU; after reaching the threshold, the scanning was delayed for 8 seconds
before being initiated. The scan was initiated 28 seconds after the end of the arterial phase.
1.2.2 Image postprocessing The original data of the arterial and portal vein phases were reconstructed to generate
images with a slice thickness of 0.625 mm, which were imported into an Aw4.4 workstation and analyzed using a
GSI viewer. Iodine-based images, waterbased images, and 101 sets of monochromatic images were obtained rst.
Then iodine concentration, water concentration, spectral curve, and CT values at 40keV in the ROI of the leision
were measured with GSI postprocessing software. In the HVHM group, there were a total of 179 lesions, including 6
solitary lesions in 6 subjects. In the HCC group, there were 43 lesions, including 21 solitary lesions. For each
participant, only one typical lesion with good image quality and no fusion was selected for measurement, in which
a circular or oval region of interest (ROI) was placed in a highly enhanced area on the tumor edge, avoiding zones
of necrosis, large vessels, calci cation and sclerotic artifacts. The parameters that required measurement and
calculation included the following: i) iodine (water) concentration and water (iodine) concentration in the lesions,
and iodine concentration in normal liver tissue and abdominal aorta; ii) NIC = iodine concentration of lesion
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(IClesion)/iodine concentration of abdominal aorta (ICabdominal aorta); iii) LNR = IClesion/iodine concentration of
normal liver tissue (ICliver); iv) ICD = [iodine concentration in the arterial phase (ICarterial phase)]-[iodine concentration
in the portal venous phase (ICportal venous phase)]; spectral curve slope = (CT50keV-CT100keV)/(100keV-50keV). Two
radiologists with 4 and 9 years of experience in abdominal CT interpretation, respectively, evaluated the images. In
cases of discordant interpretations, decisions were reached by consensus. All data were measured in triplicate, and
the average value was used in the analysis.
Statistical analysis SPSS 17.0 was used for statistical analyses. Independent samples t-test was performed to
compare NIC, LNR, ICD, iodine concentrations, and spectral curve slope in the arterial and portal venous
phases between the HVHM group and HCC group. The resulting data were expressed as ± s. The diagnostic
e cacy of each quantitative parameter to differentiate the HVHM group and HCC group was assessed by a
ROC curve. P < 0.05 was considered statistically signi cant.

Results
Comparison of spectral quantitative parameters Typical manifestations of HVHM and HCC in arterial phase
and portal venous phase, as well as spectral parameters were displayed in Figure 1 and Figure 2 respectively.
The HVHM group and HCC group exhibited no signi cant differences in NIC, LNR, and spectral curve slope of
the arterial phase (P > 0.05) but had signi cant differences in these parameters of the portal vein phase (P <
0.01). In addition, the two groups displayed no difference in iodine concentration of the arterial or portal
venous phase (P > 0.05) or ICD (P > 0.05). The results are summarized in Table 1.
Diagnostic e cacy evaluation of spectral quantitative parameters for HVHM and HCC Analysis of Receiver
Operating Characteristic (ROC) curves was performed to examine whether the spectral quantitative parameters
were capable of differentiating the HVHM group and HCC group. The results (Figure 3) revealed that the
spectral curve slope in the portal venous phase had the largest area under the ROC curve (AUC), indicating the
best diagnostic performance; when spectral curve slope was greater than 1.420, the sensitivity and speci city
for HVHM were 90% and 88.9%, respectively. When the NIC was greater than 0.555 in the portal venous phase,
the sensitivity and speci city for HVHM were 75% and 85.2%, respectively. In comparison, the LNR in the portal
venous phase showed the lowest e cacy in differentiating the two groups; when the LNR was greater than
0.955, the sensitivity and speci city for HVHM were 80% and 88.9%, respectively.

Discussion
Because the liver receives dual blood supply from the hepatic artery and portal vein, extrahepatic malignant tumors
can easily metastasize to the liver, resulting in a relatively high incidence of liver metastasis. It has been reported
that most liver metastases are hypovascular lesions. Conventional contrast-enhanced CT has high sensitivity and
speci city in the diagnosis of liver metastasis. On the other hand, HVHM is relatively rare and has an incidence of
4%-7%, but its manifestations in enhanced CT are drastically different from those of common hypovascular
metastases. Speci cally, HVHM often manifests pronounced ring-like, nodular, and diffuse intensi cation in the
arterial phase, but the degree of intensi cation gradually decreases in the portal venous phase and the delayed
phase (4). Therefore, images of HVHM are often similar to those of HCC (5), which is especially the case for
patients with extrahepatic primary malignant tumors who have no reliable disease history or have solitary lesions.
Hence, conventional contrast-enhanced CT alone has limitations in differentiation between HVHM and HCC and
can easily lead to misdiagnosis.
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Spectral CT imaging is based on instantaneous switching (0.5 ms) between the high and low energy states, which
can not only obtain images of various substrate materials (e.g., water-based, iodine-based, and calcium-based
maps) via material separation technology but also generate spectral curves of the lesions. Different parameters
re ect different spectral characteristics. The degree of blood supply can be indirectly revealed by detecting the
iodine concentration in tissues (6). A spectral curve can reveal the X-ray attenuation coe cients, which correspond
to the variations of different pathological tissues in response to the change of a single energy level (7). Differences
between spectral curves can be expressed by slope, which provides a basis of quantitative analysis to distinguish
different pathological types of tumors. It has been reported that quantitative analysis based on spectral CT
imaging has made a breakthrough in the diagnosis, differentiation, and prognosis evaluation of different types of
tumors (7-9).
The iodine map in spectral CT imaging is particularly sensitive to iodine deposition. The measurement of iodine
concentration in the iodine map can directly reveal intratumor iodine distribution, which is indicative of the blood
supply. The results of this study showed that in the arterial phase, both HVHM and HCC tumors manifested
obvious enhancement and had little differences in blood supply, iodine concentration, and NIC. Most of the HCC
patients had concurrent liver cirrhosis, which was characterized by extensive proliferation of hepatic brous
connective tissue and formation of intrahepatic pseudolobules. These lesions cause the obstruction of portal vein
circulation, resulting in the decrease of portal venous perfusion and the compensatory increase of hepatic arterial
blood supply. Therefore, in the arterial phase, the iodine concentration of normal liver tissue in HCC patients is
increased, whereas LNR is decreased. Of note, tumors in both HVHM and HCC participants were veri ed to be
hypervascular lesions. It was reported that the DSA manifestations of HVHM were often similar to those of HCC;
both types of lesions were easily stained in the late arterial phase and mainly manifested as thickening, twisting,
disorganization of hepatic artery, venous lakes, and arteriovenous stulas (9). Studies have shown that the
spectral parameters in the portal venous phase have important clinical values in differentiating the benign and
malignant liver lesions and that iodine concentration analysis of spectral CT imaging can be used to differentiate
small hepatocellular carcinoma from small hemangioma; in particular, iodine concentration analysis in the portal
venous phase had a sensitivity and speci city of 97% and 100% for differentiating the two types of tumors (10-11).
Our results showed that in the portal venous phase, the HVHM group had spectral parameters for NIC and LNR
signi cantly higher than those of the HCC group, indicating that the contrast-enhancement degree of the HVHM
group was higher than that of the HCC group, which might be attributed to the blood supply and pathological
structure of the two types of tumors. It is widely accepted that HVHM tumors are mainly supplied by the hepatic
artery, followed by the portal vein, which is referred as dual blood supply. Using an animal model, Voboril et al. (12)
demonstrated that the portal vein can supply blood directly or indirectly to the margin of metastatic tumors
through hepatic sinuses. In ltration of in ammatory cells from the tumor edge or increased release of endothelial
growth factors resulted in continuous contrast-enhancement of HVHM tumors in the portal phase (13). In addition,
in the portal venous phase, contrast agents withdraw from the HVHM and HCC tumors. However, CT perfusion
imaging showed that the contrast agent exhibited short residence time and fast clearance in HCC but slow
dispersion in HVHM (14-15). As a consequence, the HVHM lesions showed a slow reduction in enhancement
degree in the portal venous phase, indicating that in this period, the iodine concentration of the HVHM group was
lower than that of the HCC group. Our results show that the parameters based on iodine concentration can
quantitatively reveal the degree of blood supply of HVHM and HCC lesions. Although it is not easy to differentiate
the two types of tumor in the arterial phase, the iodine concentration in the portal venous phase can provide more
reliable information to differentiate the two. Nevertheless, the HVHM and HCC groups exhibited no signi cant
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difference in water (iodine) concentration in dual phase scanning, indicating that this parameter has no diagnostic
value in differentiating HVHM and HCC.
It was reported that different pathological types of human tissues can be distinguished by spectral curves (16). Our
results revealed that the spectral curve slope in the portal venous phase was signi cantly higher in the HVHP group
than the HCC group. In fact, the spectral curve slope in the portal venous phase displayed the best performance in
differentiating these two types of liver tumors. HVHM and HCC are different in pathological types, tumor growth
and metabolism, and vascularity, which is re ected by the difference in their CT values on the spectral curves. The
difference is more pronounced at the low keV single energy level, when the spectral curves of HVHM and HCC
differ greatly, leading to relatively high sensitivity and speci city in their differentiation. It was shown that HCC
displayed a higher spectral curve slope than liver metastases (17), which was contrary to our ndings and might be
related to the blood supply types of the selected metastases. Of note, the liver metastases examined by Wang et al.
(17) were hypovascular tumors originated from pancreatic cancer, esophageal carcinoma, and lung cancer. In
contrast, hypervascular tumors were examined in this study. Our analyses revealed that in the arterial phase, both
HVHM and HCC display apparent enhancement and have little difference in blood supply, having a minimal effect
on the attenuation of CT values. As a consequence, the spectral curves in the arterial phase have poor diagnostic
performance. Our data also suggest that mechanistically, the spectral curve is similar to the iodine concentration.
The spectral curve indicates that the lower the single energy level, the greater the CT value; the greater the reduction
of CT values, the greater the spectral curve slope. At the same time, the higher the iodine concentration is, the
greater the CT value as well as the spectral curve slope. In other words, increased iodine concentration is
associated with increased blood supply and spectral curve slope. As such, the slope of spectral curve is a robust
quantitative index in differentiating HVHM and HCC because the slope of spectral curve can not only reveal the
different pathological types of tumor but also quantify the different degrees of vascularity of tumors and amplify
the difference. Correspondingly, the spectral curve slope can provide valuable information for quantitatively
determining tumor origin and thus is a promising quantitative marker for differentiating HVHM and HCC.
There are some de ciencies in this study. For example, the selection of the ROI is particularly important. The
accurate selection of the ROI can obtain the accurate measurement data and calculate the accurate NIC,LNR and
so on. In practice, sometimes it is di cult to select ROI, and the small change of its position may lead to the
deviation of the measured data, which will affect the accuracy and repeatability of the test results. It often takes
more time to get a more stable result. How to place the ROI accurately will be a key point in the next step.

Conclusion
Spectral CT imaging displays good capacity in differentiating HVHM and HCC, which is based on quantitative
analysis of the NIC, LNR and spectral curve slope. In particular, the spectral slope curve in the portal venous phase
generates relatively high sensitivity and speci city, which is helpful to improve the accuracy of differential
diagnosis and provide a basis for the formulation of a treatment plan and an assessment of prognosis.

Abbreviations
HVHM hypervascular hepatic metastasis
HCC hepatocellular carcinoma
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NIC

normalized iodine concentrations

LNR

lesion-normal parenchyma iodine concentration ratio

ICD

iodine concentration difference

ROC receiver operating characteristic
CT

computed tomography

GSI

gemstone spectral imaging

ROI

region of interest

AUC area under the ROC curve
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Table
Table 1 Comparison of energy spectral parameters in the arterial phase (AP) and the portal venous phase (PVP)
between the HVHM and HCC groups
Groups

NIC
AP

LNR
PVP

AP

Iodine concentration (g/L)
AP

PVP

HVHM

0.17±0.04

0.59±0.08

3.84±2.69

1.17±0.22

HCC

0.19±0.06

0.45±0.10

4.86±1.73

0.92±0.16

t

1.40

5.35

1.69

4.38

P

>0.05

<0.01

>0.05

<0.01

PVP

1045.45±13.1

Spectral curve slope
AP

ICD (g/L)

PVP

1041.44±12.2

1.37±0.40

1.85±0.49

0.54±0.39

1044.82±9.5

1.40±0.55

1.18±0.34

0.45±0.39

0.78

0.97

0.213

5.51

1.72

>0.05

>0.05

>0.05

<0.01

>0.05

1049.96±9.0

Note.— HVHM = hypervascular hepatic metastasis, HCC = hepatocellular carcinoma, AP = arterial phase, PVP= porta
phase, NIC= normalized iodine concentrations, LNR = lesion-normal parenchyma iodine concentration ratio, ICD = io
concentration difference
The HVHM group and HCC group exhibited no signi cant differences in NIC, LNR, and spectral curve slope of the ar
phase but had signi cant differences in the portal vein phase. The two groups displayed no difference in iodine
concentration of the arterial or portal venous phase or ICD.

Figures
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Figure 1
Spectral parameters of the HVHM group and HCC group in the arterial phases On 70 keV monochromatic images
of arterial phase, both HVHM and HCC showed obvious heterogeneous enhancement, in which the enhancement of
HVHM (A) was mainly located in the peripheral region, while the enhancement of HCC (D) was heterogeneous in
the whole lesion. The small yellow circle represents the region of interest (ROI). The corresponding spectral curve
are B and E. Figure C and F were iodine map of HVHM and HCC respectively. The number shown in the lower left
corner represents the iodine concentration.

Figure 2
Spectral parameters of the HVHM and HCC groups in the portal venous phases On 70 keV monochromatic images
of portal venous phases, HVHM (A) showed mild peripheral enhancement, while HCC (D) showed decreased overall
enhancement. The small yellow circle represents the region of interest (ROI). The corresponding spectral curve are
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B and E. Figure C and F were iodine map of HVHM and HCC respectively. The number shown in the lower left
corner represents the iodine concentration.

Figure 3
The ROC curves of spectral quantitative parameters in the portal venous phase for discrimination between HVHM
and HCC The spectral curve slope in the portal venous phase had the largest area under the ROC curve, indicating
the best diagnostic performance; when spectral curve slope was greater than 1.420, the sensitivity and speci city
for HVHM were 90% and 88.9%, respectively. When the NIC was greater than 0.555 in the portal venous phase, the
sensitivity and speci city for HVHM were 75% and 85.2%, respectively. In comparison, the LNR in the portal venous
phase showed the lowest e cacy in differentiating the two groups; when the LNR was greater than 0.955, the
sensitivity and speci city for HVHM were 80% and 88.9%, respectively.
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