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Abstract

Primary hepatocellular carcinoma (HCC) is a significant tumor worldwide and represents the most common primary
hepatic neoplasm. Staging criteria are important for appreciation of timely work up of these neoplasms in contradiction
with surgical colleagues. This article demonstrates the appearance of HCC on multiphasic, multidetector CT (MDCT)
and relates these findings to current staging criteria. The variable appearance on different planes of contrast is critical
to appreciate in staging this neoplasm. The hypervascular nature of the primary tumor makes MDCT and three-
phase imaging a critical feature in the detection and characterization of this tumor. This is especially critical in the
patients who are candidates for surgical resection. Additionally, MDCT has allowed arterial phase imaging to define
the vascular supply of the tumor. An accurate representation of the size and number of lesions is critical in not
only the initial staging but also the follow-up of hepatocellular carcinoma. The post-treatment features including the
appearance post-surgically and after radiofrequency ablation can be well appreciated on MDCT.
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Introduction Clinical presentation

Hepatocellular carcinoma (HCC) is the eighth most ) )
common malignancy worldwide and the most commoRhn€ Most common symptomatology includes: abdominal
malignant neoplasm of the liver. Epidemiologically, Hc@@in, malaise, fatigue, and weight &8s Findings on

is most common in Asia and sub-Saharan Afdc, Physical examination often include an enlarged, irregular,
The most common risk factors identified include cirrhosidnd nodular liver as a result of cirrhotic change. Jaundice
and hepatitis B and C. Additional risk factors include@nd abnormal liver function tests may only be evident
hemochromatosisy;-antitripsin deficiency, exposure tolater in the course because of the significant functional
aflatoxins, Thorotrast administration, oral contraceptiveiéserve of the liver parenchyma. Paraneoplastic syn-
and vinyl chloride exposufe3l. Hepatitis B is consid- dromes are not uncommon including hypercalcemia and
ered the primary cause of approximately 80% of cas8yPerglycemia as well as polycythemia which occurs in
worldwide. The peak age group for development is ilSs than 10% of patieri®.

the 6th to 8th decades with a definite male predominance

of 4:1. The median survival rate remains dismal being

less than 1 year and a 5-year survival rate of only 2%-—

5%.*] There has been some improvement in 1-year Pathology

survival over the past 5 years, thought to be a reflection

of earlier detection of smaller resectable tumors and marCC is the result of a series of events that cause
aggressive surgical approaches. the development of frank malignancy from smaller
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lesions. A number of stages have been identified Staging

including: cirrhosis and regenerative nodules, dysplastic . ) - o
nodules, early HCC, and advanced H®8. The earliest _Stagmg of HCC is critical to clinical management and

phase i.e., regenerative nodules are areas of hepatodjtéSsessed through the TNM system. The primary
proliferation surrounded by fibrous septa that develdfSion is defined by tumor size, number, and location
as a non-specific response to liver injury. In contra& Iespns,_mvas;]on 0,';_ local vascular st.rgcturlias, ﬁnd

to regenerative nodules, the dysplastic nodule is pr@_(tepsmn into el bi |aryh531stem. Adfd't'o.na yl the |
malignant and represents proliferation of hepatocyté%aglng system evaluates the location of regional, noda
with nuclear variation that can be identified as low-grad®>%25€ asng irl']e presence or absence of distant metastases
to high-grade dysplasia. Early HCC is those lesions thgfable 1)[_' - Tl Iespns are those that are soht_ary
are less than 2 cm in diameter with well-differentiateHJmorS without vascular invasion, T2 lesions are solitary

cells and a preserved trabecular appearhc@hese tumors with vascular invasion or muItllpIe tumors, none
ger than 5 cm; T3 represents multiple tumors larger

early tumors usually have a well-defined margin with g;a 5 ¢ vadi . al hepati
thin fibrous capsule but may demonstrate extra-nodul n cm, tumor invading major portal or hepatc

growth into surrounding liver sinusoids. Large HCCSYenous structures, and T4 lesions are tumors with direct

those greater than 2 cm, are classified as advanced Hggasmn of adjacent organs. Using a binary method,

These may be nodular, massive, and diffuse. Diffu

mph node staging consists of NO without regional
HCC results in tumor nodules dispersed within the Iivegetastases and N1 with regional lymph node metastasis.
parenchyma.

istant metastases are defined with MO being no
distant metastasis and M1 being the presence of distant
metastasis.

Table 1 TNM staging system devised by the American

Joint Committee on Cancer Imaglng flndlngs

Classification Meaning Computed tomography (CT) and magnetic resonance
(MR) are the primary modalities used to obtain imaging

Tumor . . . .
T Tumor cannot be assessed studies for the diagnosis and staging of HEC*
TO No evidence of primary tumor In this manuscript we specifically address the use
T1 Solitary tumor<2 cm without vascular invasion of multidetector CT (MDCT) in the assessment of
T2a Solitary tumor<2 cm with vascular invasion hepatocellular carcinonix0l Although MR imaging
T2b Multiple tumors<2 cm limited to one lobe L S .
without vascular invasion _may_be more sensitive in detectmg_small IeS|ons,_ MDCT
T2c Solitary tumor>2 cm without vascular invasion iS highly effective in the detection and staging of
T3E SO'I'FaTVtumOW cm WI'FhYaSCU'a“”\I/aS'On_h HCC. This is, however, significantly dependent upon
IE \'/\gts’cthplaerﬁ‘;\rj‘aos:f;z cm limited to one lobe With 0. ynique, which must be meticulous with new MDCT
T3c Multiple tumors>2 cm limited to one lobe with  Scanners. There are three CT-defined phases of contrast
or without vascular invasion enhancement that should be exploited for the accurate
T4a Multiple tumors in more than one lobe detection and staging of HCC.
T4b Tumors involving a major branch of the portal . ; "
vein or hepatic vein(s) The first phase, th_e hepatic artgrl_al phgse (HAP) occurs
T4c Invasion ofadjacent organs other than the at 20-30 s fO”OW|ng the administration of contrast
gallbladder material. Contrast material should be given with a bolus
Nodes injection and power injector and rates should be fastin the
NX Regional lymph nodes cannot be assessed range of 4—6 mls. Scanning in the second phase should
mfl’ gg rﬁﬂgﬂa'n'qynr:F;:)ggdnf;astasis ideally be performed as an early parenchymal phase in
9 yme the range of 40-55 s, and the third phase, now termed
Metastases _ , the hepatic venous phase (HVP), previously termed
MX Distant metastasis cannot be assessed h | h PVP inale d cT
MO No distant metastasis the portal venous phase ( \ ) on single (_atgctor.
M1 Distant metastasis present (most commonto  Occurs from 65 to 80 s following contrast administration
lung and bones) (Fig. 1). Hypervascular lesions are best imaged during
Stage the early arterial phase when they appear as areas of
l T1NOMO increased enhancement relative to the unenhanced liver
::IA g mg ,'\\A"g parenchym&11.12l Although hypervascular lesions are
B T1 N1 MO usually b_est seen during this phase, they are often also
T2 N1 MO seen during the early parenchymal phase and are usually
T3N1MO less well seen during the standard HVP/PVP phases.
IVA 14[;“”5‘5]‘”,\% "l\"/lol MDCT also allows for high-quality, thin-section imaging.
VB T [any] N [any] M1 Scans are ideally performed at less than 1 cm, specifically

5 mm sections. The early phase images can be used to
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Figure 1 Demonstration of optimal image appearance in the three major phases: (a) hepatic arterial phase
(HAP), (b) late arterial phase (LAP), (c) hepatic venous phase (HVP). MDCT allows the ability to acquire
images within each of these three distinct phases for optimal imaging of hypervascular lesions.

Figure 2 Hepatocellular carcinoma TNM system—T1. (a) Color diagram demonstrating a T1 lesion: solitary
<2 cm without the presence of vascular invasion. (b) MDCT at the dome of the liver in the hepatic arterial

phase (HAP) demonstrating a 2 cm hypervascular lesion in the dome of the liver.

develop a three-dimensional (3D) vascular map. Whe). The variables of detectability of HCC depend on
a capsule is present, it is usually hypodense on thige phase of contrast administration and each individual
HAP or mixed density on the PVP and showing somimor is important to appreciate (Figs 9-11).
enhancement on delayed images. The use of MDCT has

essentially replaced CT arterial portography and allows

a non-invasive approach to imaging HCC. Multiphasic Treatment options

imaging allows the detection of tumor thrombus withir]l_ treat t of HCC includ h th
vascular structures most efficiently on the later phasé1e reatment o Inciudes surgery, chemotherapy,

images. One may be able to distinguish between blar%dlatlon therapy, and, most importantly, combination

. o ﬂ1erapies. Data from the National Cancer Data Bank
tumor thrombus and tumor thrombus by identifying th X .
. . T CDB) reported that approximately 17.7% of patients
enhancement of clot in earlier phases. The sensitivity a

) o
specificity of MDCT are still evolving with changesin theWere treated with chemotherapy alone, 17% with surgery

. o 29
equipment. This should erode the previously documentgtlfne’ and 3.2% with radiation theragy 1
limitations of detection although in the background
of the cirrhosis, there still are significant limitations
in detection. The following images demonstrate the
appearance of HCC on MDCT for the various stageSurgery is considered the primary treatment option for

using the TNM system as referenced in Table 1 (Figs Zandidates in stages 1, 2, or 3a. In these cases, surgical

Surgery
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Figure 3 Hepatocellular carcinoma TNM system—T2. (a) A T2a lesion represents a solitary tumok2 cm
with vascular invasion. (b) A T2b lesion is multiple tumors<2 cm limited to one lobe without vascular invasion.
(c) AT2c lesion is a solitary tumor >2 cm without vascular invasion. (d) CT scan showing multiple phases with

T2b lesions: HAP, LAP, HVP. (e) Example of T2c lesion in left lobe.



182 P M Silverman and J Szklaruk

Figure 4 Hepatocellular carcinoma TNM system—T3. Color diagrams demonstrating T3 lesion staging. (a)
T3ais a solitary tumor >2 cm with vascular invasions. (b) A T3b lesion consists of multiple tumors limited to

one lobe<2 cm with vascular invasion. (c) A T3c lesion consists of multiple tumors limited to one lobe of the
liver measuring >2 cm with or without vascular invasion. (d) Multiphasic CT scan showing T3c lesions: HAP,

LAP, HVP.
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Figure 5 Hepatocellular carcinoma TNM system—T4. (a) T4a demonstrating multiple tumors in more than
one lobe of the liver. (b) T4b multiple tumors involving a major branch of the portal venous or hepatic venous
system. (c) CT scan at the level of the portal vein during the late arterial phase (LAT) demonstrating multiple
tumors in a bilobar distribution.

Figure 6 MDCT of the liver demonstrating a T4b lesion with involvement of the main portal vein as well as
multiple lesions in the liver. (a) Early phase (arrow) indicating a clot in the portal vein. (b) Later phase (arrow)
with a clot in the portal vein.

removal can be performed by either immediate tum@&%%-—17% for orthotopic liver transplantatiGfl. The 5-
resection or by orthotopic liver transplantation. The Syear survival rates for single lesions smaller than 5 cm
year survival rates for these patients following livehas been reported as 68%. Larger tumors, however,
transplantation ranges from 58% to 759424261 For are associated with poorer outcomes especially in the
resection, 5-year survival ranges from 35% to 339 absence of a tumor capsule, the presence of multiple
The recurrence rate after resection has been reportechtmules, satellite lesions, or the presence of vascular
be as high as /B of patients with a recurrence rate ofnvasion.
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Figure 7 (a) An MDCT of a HCC T4 lesion demonstrating an extensive clot (arrow) within the main portal
vein. (b) HCC, T4 lesion in a patient with a clot in the main portal vein (arrow) and extensive collaterals, three
phases: HAP, LAP, HVP.

Figure 8 Hepatocellular carcinoma TNM system demonstrating nodal disease. (a) Color diagram
demonstrating nodes along the region of the porta hepatis. (b) MDCT scan at the level of the porta hepatis
demonstrating nodal disease in the porta hepatis.
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Figure 9 Multifocal HCC demonstrating optimal enhancement noted in the HAP (a) and LAP (b). Lesions
are seen as hypervascular against a low-density liver in the early hepatic arterial phase HAP and continue to
enhance in the LAP. Note that the lesions are very poorly seen and have almost disappeared during the hepatic

venous phase (HVP) (c).

Figure 10 Hepatocellular carcinoma demonstrating best visibility in the late arterial phase (LAP) but also
being able to be seen in the hepatic venous phase (HVP). Lesion not seen on HAP. (a) HCC not seen on HAP.
(b) Hypervascular lesion in the dome of the liver during the LAP. (c) The lesion is still seen very well while in

the HVP but now the low-attenuation necrosis is evident.

Figure 11 Hepatocellular carcinoma with satellite lesion only seen on the late arterial phase (LAP). (a) Early
hepatic arterial phase (HAP) imaging demonstrates the large lesion is only subtly seen but the satellite lesion is
not clearly evident. (b) The primary large mass in the liver is now enhancing and the satellite lesion (arrow) can

be seen in the left lobe of the liver (LAP). (c) Dominant lesion poorly seen and satellite lesion no longer seen.
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Figure 12 Demonstration of radiofrequency ablation (RFA) of HCC. (a) The low attenuation peripherally in
the right lobe is the result of RFA. There is some mild enhancement peripherally (arrow). (b) The low attention
peripheral RFA defect is now slightly smaller and the area of enhancement has resolved, indicating it did not
represent recurrent tumor but rather benign enhancement related to the RFA procedure on the scan done 4
months previously. Post-chemoembolization demonstrates the focal high-density area posteriorly in the right
lobe (arrowhead). (c) MDCT 9 months later demonstrates the continued decrease in the size of the RFA defect
without recurrence and the chemoembolized tumor is also smaller (arrowhead).
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