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Abstract

Purpose: To evaluate the diagnostic value of computed tomography perfusion (CTP) in the distinction of hepatocel-
lular carcinomas (HCCs) from metastatic liver tumors. Materials and methods: CTP data from 90 liver tumors (HCC
38, metastasis 52) in 31 patients (16 men and 15 women; mean age 60.3 years) were studied. CTP was performed on
a 16/64 multidetector-row CT scanner using a 30-s duration cine acquisition after rapid bolus injection (5�7 ml/s) of
50�70 ml of iodinated contrast medium. The CTP data were analyzed using a deconvolution model. Metastatic
tumors were grouped into hypovascular (n¼ 36) and hypervascular (n¼ 16) tumors. Results and conclusion: The
hypovascular metastases showed a significantly lower blood flow (BF) and blood volume (BV), and higher mean
transit time (MTT) than HCC (all P50.0001). BF, BV, and MTT of HCCs were substantially lower than those of
hypervascular metastases (P¼ 0.02, P50.0001, P¼ 0.03, respectively). A receiver-operating characteristic analysis
showed that BV was a useful marker to distinguish HCCs from hypervascular metastases.
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Introduction

The incidence of primary malignancies in the liver, such
as hepatocellular carcinoma (HCC), is rapidly increas-
ing[1]. On the other hand, liver is a common site for
malignant tumors, especially metastases from various pri-
maries in the abdomen and elsewhere in the body.
Moreover, benign liver lesions are also frequently encoun-
tered in patients at risk for developing malignancies. Over
the last several years, imaging features on computed
tomography (CT) and magnetic resonance imaging
(MRI) have become accepted for characterizing certain
benign lesions such as hemangiomas, focal hyperplasia
and, to some extent, hepatocellular adenomas[2]. A sim-
ilar trend is now being extended for the diagnosis of
malignant lesions, especially HCC, using imaging
findings[3].

On contrast-enhanced CT (CECT), HCC is a highly
vascular tumor by virtue of neoangiogenesis, and also

shows hypervascular pattern of enhancement in the arter-
ial phase[4�6]. Most metastatic tumors in the liver appear
hypovascular or lower in attenuation relative to the sur-
rounding parenchyma[4]. On the other hand, metastases
from primaries such as renal cell carcinoma, endocrine
tumor, carcinoid, and melanoma often have a hypervas-
cular appearance, with elevated attenuation in the arterial
phase of CECT[4]. Thus an overlap in the enhancement
pattern of HCCs and hypervascular metastases in the
liver can exist despite differences in the underlying
tumor biology and angiogenesis between HCC and
metastases[7]. Therefore, it is sometimes difficult for
dynamic CT to distinguish between HCC and hypervas-
cular metastasis because of their similar appearance[4].
Tissue sampling for the diagnosis is considered most
accurate, but invasive, and therefore impractical for lon-
gitudinal monitoring. An in vivo method to differentiate
liver tumors is therefore highly desirable for diagnostic
purposes and treatment planning.
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CT perfusion (CTP) enables quantification of tumor
vascularity by measuring the temporal changes in tissue
density following intravenous contrast administration[8].
Since it was first described by Miles et al.[8], CTP has
been successfully applied in a variety of clinical condi-
tions including assessment of liver cirrhosis[9,10], charac-
terization of liver tumors[11�13], and evaluation of therapy
response in liver diseases[14,15]. Tumor perfusion measure-
ments on CT have been found to reflect the microvascular
changes of tumor angiogenesis and to correlate with
tumor biology[16,17]. Therefore, we analyzed CTP mea-
surements of HCCs and liver metastases in an effort to
investigate whether the CTP parameters can separate
HCCs from metastases, including hypervascular ones.

Materials and methods

Patient population

This study was in compliance with Health Insurance
Portability and Accountability Act regulations, and was
approved by the institutional review board. All patients
were required to provide written informed consent before
study participation according to institutional and federal
guidelines. The patient eligibility criteria included the
following: (1) patients had histopathologically proven
measurable locally advanced or recurrent HCC, or histo-
pathologically proven measurable metastatic tumors in
the liver; (2) patients had undergone recent contrast-
enhanced MRI (CE-MRI) examination of the liver and
had follow-up CT and MRI examinations over a 6-month
interval to confirm tumor growth or response; (3)
patients underwent no liver surgery, chemotherapy,
immunotherapy, or liver radiotherapy within 4 weeks of
enrollment; (4) patients had adequate renal function
(serum creatinine level 52.0 mg/dl (177mmol/l)).
Exclusion criteria included the following: (1) concurrent
second malignancy; (2) significant medical comorbid-
ities; (3) clinically significant cardiovascular disease
including uncontrolled hypertension, myocardial infarc-
tion, and unstable angina; (4) pregnancy or lactation; (5)
known CNS metastases; (6) an inability to give written
informed consent. Twenty-three patients with HCC, who
were a part of a clinical study of advanced HCC[13,16],
were enrolled in this study from July 2004 to January
2005, and 10 patients with metastatic liver tumors were
enrolled from June 2010 to June 2012.

Imaging studies

CTP was performed using a 16/64-section multidetector-
row CT scanner (Light Speed/Discovery; GE Medical
Systems, Milwaukee, WI, USA). First, CT scanning was
performed without intravenous contrast medium (CM)
to localize the tumor. The tumor was localized on a none-
nhanced CT scan, and 4�8 adjacent 5-mm sections
were selected at the level of the tumor for cine imaging.
In patients with solitary hepatic tumors, the portions of

the tumor with the largest volume were selected for
dynamic CT evaluation. The areas with definite calcifica-
tions or necrosis/cystic areas as depicted on prior ima-
ging studies were avoided in this study. In patients with
multiple hepatic tumors, the liver sections demonstrating
the largest number of lesions or the largest size of lesions
were selected for dynamic CT evaluation. The dynamic
study of the tumors was performed at a static table posi-
tion during rapid intravenous bolus injection of 50�70 ml
nonionic iodinated CM (Isovue; Bracco, Princeton, NJ,
USA) (300�370 mg of iodine/ml) at a rate of 5�7 ml/s.
The following parameters were used: 0.5-s gantry rotation
time with an interval of 1 s, 80�100 kVp, 100�200 mA,
with acquisition of 4i or 8i transverse mode (4 or 8 sec-
tions per gantry rotation) and 5 mm reconstructed slice
thickness. The cine CT acquisition was started about
5�8 s after the start of CM injection, and the axial CT
images were acquired for a total of 30 s during breath-
holding in end expiration.

Image processing

The perfusion data were transferred to an image proces-
sing workstation (Advantage Workstation 4.2; GE
Medical Systems) and then analyzed using commercially
available software (CT Perfusion 3.0; GE Medical
Systems), which applies a deconvolution method to
model CM kinetics. This analysis was performed by a
single observer (K.H., with 9 years of experience in abdo-
men CT interpretation and CTP software). To derive
functional maps of the perfusion parameters, the arterial
input curve of the CM concentration is required, and we
obtained this arterial input curve from a region of interest
(ROI) in the aorta. ROIs for tumors were drawn freehand
(using an electronic cursor and mouse) around the periph-
eral boundary of the visible tumor. The size range of ROIs
was 14�4058 mm2 (mean, 504.9 mm2). Care was taken to
avoid including any area outside the tumor, necrosis, or
visible vessel in the ROI, which was facilitated by viewing
a cine-loop of acquisition in order to gauge the degree of
patient movement and the tumor margins (Fig. 1). The
perfusion parameters generated by the software included
blood flow (BF; in ml/100 g of wet tissue per minute),
blood volume (BV; in ml/100 g of wet tissue), and mean
transit time (MTT; in seconds). The CT perfusion para-
meters of the tumors were then calculated by averaging
the functional parameters across multiple sections.

Reference standard

Liver biopsy (core and fine-needle aspiration) and histo-
pathologic confirmation for one of the index lesions
was available in all 31 patients. For the remaining 59
lesions without histopathologic confirmation, a recently
performed gadolinium-enhanced MRI of the liver
(performed within 2 weeks of CTP study) served as the
reference standard. The additional lesions demonstrated
signal intensity and enhancement characteristics identical
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to those of the index lesion. The established imaging
features on CE-MRI and precontrast T1-weighted and
T2-weighted images were applied for lesion characteriza-
tion[3]. Moreover, follow-up CT and MRI examinations
over a 6-month interval were available for all of the
patients, which also confirmed tumor growth.

Statistical analysis

The perfusion parameters of liver tumors were
compared between HCCs, hypervascular metastases,

and hypovascular metastases. Statistical analysis was per-
formed with Mann�Whitney U test for comparisons of
the 2 data sets. Receiver-operator characteristic (ROC)
analysis was performed to estimate the diagnostic values
of perfusion parameters for distinction of HCCs from
hypervascular metastases, and identify the parameter
threshold at which HCCs were distinguished from hyper-
vascular metastases. Statistical analyses were carried out
using the StatView program (SAS Institute, Cary, NC,
USA), and for all comparisons P50.05 was considered
to indicate a statistically significant difference.

Figure 1 Transverse CT perfusion functional map of BF, BV, and MTT in a 65-year-old woman. A region of interest
was drawn freehand around the peripheral boundary of the visible tumor.
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Results

Patient characteristics

Of the 34 patients enrolled, a total of 31 were included in
the current study. Three patients were excluded because
they had no measurable HCC in the liver and showed
metastatic tumors outside the liver. Of the 31 patients
included in this investigation, 20 had HCCs and 11
had liver metastases from the primary sites, being colon
and rectal cancer (n¼ 5), ovarian cancer (n¼ 1), duode-
nal cancer (n¼ 1), pancreatic cancer (n¼ 1), germ cell
tumor (n¼ 1), melanoma (n¼ 1), and pancreatic endo-
crine tumor (n¼ 1). The subjects included 16 men and
15 women, with a mean age of 60.3 (range 23�79) years.
A total of 90 liver tumors (38 HCCs and 52 metastases)
were evaluated, with 15 of 33 patients having multiple
lesions in the liver. The mean tumor diameter of HCC at
CT evaluation was 50.2 mm (range 14�163 mm),
whereas that of metastasis was 32.6 mm (range
12�92 mm). Metastatic tumors were grouped into hyper-
vascular and hypovascular metastases, based on their
enhancement characteristics on the recently performed
diagnostic arterial-portal venous phase CECT and
CE-MRI. Of the 52 metastases, 16 were categorized as
hypervascular metastases and the remaining 36 as hypo-
vascular metastases (Fig. 2).

Perfusion measurements of HCCs,
hypervascular metastases, and

hypovascular metastases

Table 1 shows perfusion measurements of HCC, hypo-
vascular metastasis, and hypervascular metastasis. The
hypovascular metastases showed a significantly lower

BF and BV, and higher MTT than HCC (all
P50.0001). In addition, despite the avid arterial phase
enhancement between HCC and hypervascular metasta-
sis, there were clear differences in their perfusion values
(Fig. 4). In HCC, BF, BV, and MTT were substantially
lower than those in hypervascular metastases (P¼ 0.02,
P50.0001, and P¼ 0.03, respectively).

Diagnostic value of CTP in the distinction
of HCC from hypervascular metastasis

The diagnostic values of CTP parameters in distinguish-
ing HCCs from hypervascular metastases were evaluated
by ROC analysis. The areas under the ROC curves of BF,
BV, and MTT were 0.70 (95% confidence interval (CI)
0.55�0.82), 0.95 (95% CI 0.87�0.98), and 0.69 (95% CI
0.54�0.81), respectively (Fig. 3). If the BV cutoff point
was set at 6.9 ml/100 g, highest accuracy (88.9%) for
HCC diagnosis was obtained with sensitivity of 86.8%
and specificity of 93.8%.

Discussion

As tumor angiogenesis is a recognized critical step for
malignant tumor growth and progression[18] and is
closely related to evolution of both primary and second-
ary malignancies of the liver, a precise understanding of
the tumor hemodynamics is essential for accurate ima-
ging diagnosis to facilitate the appropriate treat-
ment[13,19]. The development of unpaired arteries and
the degree of sinusoidal capillarization is closely related
to the development of HCC in a cirrhotic nodule[20,21].
Thus, in CECT, HCC tumor shows a typical hypervas-
cular pattern, with clear-cut enhancement in the

Figure 2 Arterial phase CECT images. Metastatic liver tumors were grouped into hypervascular tumors (A) and
hypovascular tumors (B).
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predominantly arterial phase and rapid washout in the
portal venous phase[3]. On the other hand, metastatic
liver metastases generally occur in noncirrhotic liver[22],
and develop varying degrees of hepatic arterial blood
supply. Liver metastases that have predominantly hepatic
arterial blood supply (hypervascular) are conspicuous in
the hepatic arterial dominant phase, while hypovascular
metastases that are predominantly supplied by portal

venous branches demonstrate slower and less intense
enhancement, making them more conspicuous in portal
venous phase images[23]. Thus, there is an overlap in the
enhancement pattern between HCCs and hypervascular
metastases[7]. In addition, 15�43% of the cases of HCC
in North America occur in patients without evidence
of cirrhosis[24�26]. If we encounter a patient who
develops hypervascular tumors in a noncirrhotic liver,

Table 1 Perfusion parameters of hypovascular and hypervascular metastases compared with those of HCCs

Perfusion parameter HCC (n¼ 38) Hypovascular (n¼ 36) P Hypervascular (n¼ 16) P

BF (ml/100 g/min) 112.9� 57.1 22.1� 14.7 50.0001 143.0� 28.6 0.02
BV (ml/100 g) 4.8� 1.9 1.9� 0.9 50.0001 10.1� 2.8 50.0001
MTT (s) 4.8� 2.5 9.9� 5.6 50.0001 5.9� 1.3 0.03

BF, blood flow; BV, blood volume; MTT, mean transit time.

Figure 3 The diagnostic values of CTP parameters in distinguishing HCCs from hypervascular metastases were also
evaluated by ROC analysis. The areas under the ROC curves of BF, BV, and MTT were 0.70, 0.95, and 0.69,
respectively.
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it might be difficult to distinguish HCC from hypervas-
cular metastasis[4].

Dynamic imaging methods using CT or MRI, which
have been shown to indirectly reflect underlying tumor
biology or microvascular environment, have been
expected to be a useful marker for diagnosis or evaluating
early treatment response in cancer treatment[12,15,27,28].
A previous study has demonstrated that CTP is a feasible
and reproducible technique for assessing tissue perfusion

in HCC, with well-differentiated HCC showing higher
perfusion values than other grades[12]. Jiang et al.[16]

reported that CTP was a more sensitive marker for mon-
itoring the antiangiogenic treatment effect. In MRI stu-
dies, Abdullah et al.[27] demonstrated the usefulness of
dynamic MRI in characterizing liver tumors, and Hsu
et al.[28] demonstrated the use of dynamic MRI to predict
clinical outcome of HCC treated with an antiangiogenic
agent.

Figure 4 Differentiation of HCC from other hypervascular metastasis in the liver is occasionally difficult. However, we
observed clear differences in their BV value. (A) HCC (BV¼ 6.9). (B) Metastases of a pancreatic endocrine tumor
(BV¼ 10.4).
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In our study, HCC demonstrated substantially higher
BF, BV, and lower MTT in comparison with hypovascu-
lar metastasis. These results are consistent with previous
CT and MRI perfusion studies between HCC and color-
ectal liver metastasis[11,27]. These studies reported that
HCC had higher perfusion and lower MTT than metas-
tasis, because most metastases, especially those from ade-
nocarcinomas of the gastrointestinal tract, usually
enhance less and take up contrast material more
slowly, with less enhancement represented as low perfu-
sion values[29�31].

However, to date no study has directly compared dif-
ferences in CTP values between HCCs and hypervascular
metastases. In our study, HCC showed substantially
lower BV than hypervascular metastasis, and ROC ana-
lysis revealed that tumor BV might be a useful marker to
distinguish HCCs from hypervascular metastases. BF
and MTT showed significant differences between HCCs
and hypervascular metastases, but the range overlap
might make it unsuitable for differentiation between
them. Guyennon et al.[32] reported CTP values of liver
metastases from neuroendocrine tumors. In their study,
neuroendocrine liver metastasis showed a higher BV
value (20.8 ml/100 g) than those of HCC in our study
or previous reports (4.8�5.46 ml/100 g)[13,16]. We
assume that the resistance to the drainage in HCC
might explain the difference in BV between HCC and
hypervascular metastasis. In HCC, the communication
between tumor sinusoids and the surrounding hepatic
sinusoids are blocked with pseudocapsule formation
and fibrosis of surrounding liver[21]. This resistance is
expected to increase microvascular resistance, therefore
BV might decrease in HCC to a greater extent than in
metastasis[33].

Our study has a few limitations. First, our findings are
based on data from a single center, and the sample size
was small. In addition, we did not study liver metastases
from all potential primary sites, therefore it remains
unknown whether all the metastases will display a similar
perfusion profile. Second, the CTP technique is evolving,
with a lack of consensus and standardization of data
acquisition and analysis methods. The definition of the
tumor ROI and the acquisition time is subject to similar
consideration[34,35]. Third, even though the liver has both
arterial and portal blood supply, CTP analysis was per-
formed by using a single arterial input; the portal vein
could not be consistently included either, because of the
limited scanning range of CTP. We assume that the con-
tribution to perfusion value estimates is minimal because
perfusion scanning was performed for less than 40 s after
the initiation of CM administration, but this possibility
cannot be entirely excluded[13].

Conclusion

Today, CT is the most common modality for evaluating
cancer patients. Our study suggests that CTP may help to

differentiate HCC from metastasis in the liver, even if
hypervascular metastasis mimics HCC. To obtain more
conclusive results, a larger patient population should be
studied. However, we hope that CTP becomes a useful
marker to aid the diagnosis of liver tumors and leads to
more accurate diagnosis.
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