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Abstract. The encapsulated form of hepatocellular
carcinoma (HCC) is a pathologic subtype that has
been found to occur with variable frequency in
typical HCC in Japanese radiological, surgical, and
autopsy series. It is a well-differentiated tumor that
tends to grow slowly and noninvasively, and has
a better prognosis than other gross forms of HCC.

Among the 73 cases of typical HCC in patients
of non-Asian extraction in our files, 11 could be
positively identified as encapsulated based on strict
pathological criteria. The purpose of this study was
to review the radiographic appearance of these en-
capsulated tumors.

Radiographically, the tumors demonstrated a
hyperdense rim in 5 of 9 cases with postinfusion
computed tomography scans, an anechoic halo in
4 of 6 cases with ultrasonograms, and an avascular
rim on the capillary phase in 5 of the 8 cases with
angiograms.

Encapsulated HCC can be found in non-Asian
patients, and the radiographic and pathologic find-
ings are similar to the descriptions in the Japanese
series.

Key words: Liver neoplasms — Liver neoplasms,
diagnosis — Liver neoplasms, computed tomogra-
phy — Liver neoplasms, ultrasound — Liver neo-
plasms, angiography.

The opinion and assertions contained herein are the private
views of the authors, and are not to be construed as official
or reflective of the views of the Department of the Army, the
Department of the Navy, or the Department of Defense.

* Present address: Abdominal Imaging Division, Department
of Radiology, Box J-374, THMHC, University of Florida Col-
lege of Medicine, Gainesville, FL 32610, USA

Address offprint requests to: Pablo R. Ros, M.D., Department
of Radiology, Box J-374, JHMHC, University of Florida,
Gainesville, FL 32610, USA

Hepatocellular carcinoma (HCC) demonstrates
great diversity in its gross pathological appearance,
pattern of growth, and long-term survival [1, 2].
This great diversity is due in part to the presence
of many pathologic subtypes that may have quite
different growth rates, and different potentials for
local and distant spread. Some subtypes are more
amenable to complete surgical excision due to their
less invasive nature [2].

Japanese investigators have proposed a classifi-
cation scheme for HCC that correlates with clinical
course and prognosis [3-5]. It is based primarily
upon tumor size and number of tumor nodules,
growth pattern (expanding vs infiltrating), pres-
ence of a fibrous capsule, and degree of cirrhosis
in the uninvolved liver parenchyma [3, 4].

The encapsulated type of HCC is characterized
as a well-differentiated, slow-growing, noninvasive
tumor [3-6]. The frequency of encapsulation in
HCC appears to vary from 10.3% in large autopsy
series [6] to approximately half of the HCCs in
recent radiologic reports; however, not all cases
contain pathological proof [7-9]. These studies
refer only to a Japanese population where encapsu-
lated HCC is a well-known entity.

Recently, Rummeny et al. [10] described a tu-
mor capsule in 5 of 21 HCCs studied by magnetic
resonance imaging (MRI). In this report, however,
there is no specific mention of the racial extraction
of the patients, and it contains no correlation with
sonographic, computed tomography, or angio-
graphic findings.

To our knowledge, there are no reports analyz-
ing the radiographic appearance of encapsulated
HCC in the U.S. population of non-Asian origin
in a series with pathologic correlation in all cases.

This retrospective study was undertaken to de-
termine if encapsulated HCC can be identified ra-
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diographically in cases in our file by applying the
parameters described by Japanese authors.

Materials and Methods

The records of all cases of pathologically proven usual or typi-
cal HCC that included two or more imaging studies [computed
tomography (CT), ultrasound (US), or angiography] in addi-
tion to plain radiographs were retrospectively reviewed. Fibro-
lamellar, clear cell, and undifferentiated cell types of HCC were
excluded from this study group since, in our opinion, they likely
represent malignancies distinct from typical HCC. After exclud-
ing these cases, the total number of cases was 73.

Phototransparencies of gross specimens and pathologic or
surgical reports of these 73 cases were reviewed to determine
if a capsule was present. Measurement of the capsule thickness
was obtained from the pathological reports and the gross pho-
totransparencies using the scale included in each photo. The
presence of a continuous capsule around the tumor and a mini-
mum 3 mm thickness was required for study participation.
Eight cases met these criteria. In 12 other cases the presence
of a capsule was suspected either from the gross photographs
or the radiologic studies, but was not well documented in the
pathologic records. In these 12 cases, pathologic slides were
reviewed, and in 3 it was clear that a capsule (at least 3 mm
thick) was present. In the remaining 9 cases either the periphery
of the tumor was not included in the histologic section, or
a capsule was not seen at the periphery of the tumor. Thus,
in a total of 11 cases we positively identified capsules but did
not definitely exclude capsules in all other cases. The incidence
of encapsulated HCC in this study, therefore, may be underesti-
mated.

In all 11 cases where a capsule was demonstrated, piain
radiographs, contrast enhanced computed tomography
(CECT), US, and angiographic images were analyzed to deter-
mine the radiographic characteristics of the encapsulated tu-
mors. Demographic and laboratory data were analyzed when
available.

Results

Clinical Presentation

The patients studied included 7 men and 4 women
ranging in age from 26 to 91 years (mean 63.8).
Three patients had hemochromatosis, and the
youngest patient had a history of multiple hepatic
adenomas and oral contraceptive use for three
years prior to the diagnosis of HCC. From the
histories obtained in the medical records, no pa-
tient was of Asian extraction.

Four patients presented with abdominal pain,
which was localized to the right upper quadrant
or epigastric region. Two patients presented with
anemia and 2 patients presented with weight loss.
Clinical presentation in the remaining patients was
unknown. o-Fetoprotein was recorded in 4 pa-
tients. There was moderate elevation in 3 patients
(18, 2156, and 2296 ng/ml) and marked elevation
in 1 (8000 ng/ml).
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Pathologic Findings

All tumors were typical HCC and well differen-
tiated with trabecular cell patterns. One case was
multicentric. In 5 cases tumor size was recorded
ranging in size from 21 x19 to 5x 5 cm (average
size 12 x 9.6 cm). Four cases had normal adjacent
liver parenchyma, 2 showed micronodular cir-
rhosis, 2 showed mixed micro- and macronodular
cirrhosis, and 3 had fatty change of the liver.

The fibrous capsule was composed of collagen
and reticulum fibers (Fig. 1 A and B). Pathologic
reports indicated that vascular invasion into the
portal vein or one of its branches was present in
3 cases. The tumor extended through the capsule
into the adjacent liver parenchyma in 2 cases.

Radiologic Findings

Plain films of the abdomen were available in all
cases and in 5 there was mass effect demonstrated
by displacement of air-filled bowel loops. Calcifi-
cation was not seen in any case.

The CECT was available in 9 cases. A hyper-
dense rim that surrounded the tumor was identified
in 5 cases (55%) (Fig. 2A and B). The rim ranged
from 3 to 15 mm in thickness and corresponded
to the capsule. The tumors were hypodense in rela-
tion to normal liver. They were well defined, had
smooth margins, and appeared to displace portal
branches. No calcifications were detected in any
case.

Six patients had ultrasonograms. All lesions
were well defined and in 4 cases (67%) an anechoic
halo was present at the periphery of the tumor
corresponding to the capsule (Fig. 3). The lesions
demonstrated a variable pattern of echogenicity,
with 2 being hypoechoic, 2 hyperechoic, and 2
mixed echogenicity, compared to surrounding
liver.

Selective celiac angiography was performed in
8 patients. In 5 cases (62%) a distinct avascular
zone measuring 2-5 mm was seen on late arterial
phase films, adjacent to the mass and correspond-
ing to the fibrous capsule (Fig. 4A and B).

Discussion

Hepatocellular carcinoma is the most common
form of primary hepatic carcinoma worldwide, and
the median survival for all stages combined is ap-
proximately four months [2]. Despite this poor
overall prognosis, encapsulated HCC has a signifi-
cantly greater untreated median survival time of
17.3 months [6]. In addition, recent reports suggest
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Fig. 1. Encapsulated HCC, gross and microscopic findings.

A Cut section of liver demonstrates a well-marginated HCC
with a central stellate area of hemorrhage. Note the capsule
and the band of fibrous tissue surrounding the tumor (arrows).
B Low power field demonstrates the capsule (sofid arrows) well
demarcated from the tumor. Note the vessels (open arrows)
that run within the capsular surface.

Fig. 2. Encapsulated HCC: CT appearance. A Enhanced CT
demonstrates a well-defined homogeneous mass in the lateral
segment of the left lobe of the liver. Note the thin enhancing
rim (arrows), corresponding to the capsule. B Correlating
specimen shows the well-defined margin of this tumor, as well
as the capsule (arrows).

Fig. 3. Encapsulated HCC: sonographic appearance.
Ultrasound demonstrates a band of decreased echogenicity
(arrows) surrounding a pedunculated HCC. Note the central
stellate hypoechoic area within the echogenic tumor
(arrowhead). This correlates with findings of Fig. 1A.
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Fig. 4. A Selective celiac angiogram shows a hypervascular mass
at the inferior aspect of the right lobe of the liver. B Close-up
view of the mass clearly shows a radiolucent halo (arrows).

that hepatic dearterialization of encapsulated HCC
with or without combined surgical resection may
greatly prolong life expectancy [6, 11]. Therefore,
radiologic detection of encapsulated HCC is
prognostically of great importance and will influ-
ence decisions regarding treatment options.

We were able to identify the encapsulated form
of HCC in 15% of our cases. It is possible that
some cases of encapsulated HCC were not included
since we applied strict criteria (3 mm thickness,
continuity around the tumor, and gross/micro-
scopic proof) to approach the parameters defined
by Okuda etal. [6]. In his autopsy series of
159 cases of HCC in the Japanese population, this
author found 26 cases (10.3%) of encapsulated
HCC. Although radiologic series have reported a
higher (up to 60%) frequency of encapsulated
HCC [7-10] in Japanese patients, we wanted to
minimize errors derived from a retrospective re-
view of data and we only included cases with an
incontrovertible presence of a capsule.

The male to female ratio of 1.75:1 is indicative
of a greater occurrence of encapsulated HCC in
women than in HCC overall where the male to
female ratio is about 4:1 [1]. There was an associa-
tion with cirrhosis (54%) and it is interesting that
3 patients with encapsulated HCC had hemochro-

matosis. This association has not been addressed
in other reports [2, 6-10]. The clinical presentations
of abdominal pain, anemia, and weight loss are
common in all forms of HCC. That the elevation
was moderate in 3 of the 4 cases where a-fetopro-
tein was available may be related to the presence
of a capsule.

Portal venous invasion occurred in 3 cases of
encapsulated HCC (27%), which is lower than the
42% reported by Okuda [6] and much lower than
the 70-90% frequency seen with multinodular and
massive types of nonencapsulated HCC [4]. This
seems to indicate the lower propensity of this form
of HCC to invade adjacent structures, due to the
presence of a fibrous capsule.

Fibrous capsules are generally enhancing prob-
ably due to the large vascular structures that are
frequently found incorporated into the capsule, or
due to closely applied normal vessels that are dis-
placed by the mass [12, 13]. This would explain
the hyperdense rim seen on CT.

It has been documented that the anechoic halo
occasionally observed in both primary and second-
ary solid liver tumors results from the presence
of a fibrous capsule [14, 15] or from peritumoral
liver cell compression (pseudocapsule) [15].

The radiolucent avascular zone seen angio-
graphically in the late capillary phase surrounding
the mass has been reported to correspond to the
fibrous capsule [5, 6, 16]. A feature that is sugges-
tive of a capsule being present is the stretching
of large vessels in a smooth spherical manner
around the mass. This finding in the arterial phase
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of the angiogram should encourage the search for
the radiolucent avascular halo on late films.

Our imaging findings of a hyperdense peripher-
al rim in 5 of 9 cases (55%) with CECT scans of
an anechoic halo in 4 of 6 cases (67%) with ultra-
sonograms, and a distinctive avascular zone in 5
of 8 cases (62%) with selective celiac arteriograms
have been well documented by Japanese authors
[9, 12, 14, 16).

Although it appears difficult to reconcile that
the capsule has enhancement by CT and appears
avascular angiographically, this has been explained
by the different spatial and contrast resolution of
both techniques [16].

The major limitation of our study is that there
were no data available pertaining to the survival
or the clinical course of these patients with encap-
sulated HCC.

In conclusion, encapsulated HCC was found
in a significant (15%) percentage of our study
group of U.S. patients without Asian extraction
with typical HCC. This percentage may underesti-
mate the true incidence of encapsulated HCCs in
our population due our strict selection process.

The fibrous capsule may be suggested radio-
graphically when a hyperdense peripheral rim is
detected on CECT, an anechoic margin or halo
is seen in US, or a peripheral avascular zone is
seen on capillary selective angiograms. Recently,
it has been reported that by MRI the capsule ap-
pears as a hypointense rim [10].

The relevance of detecting by imaging a capsule
in HCC is that, according to the Japanese litera-
ture, there is a better prognosis for this gross sub-
type of HCC than in nonencapsulated tumors. En-
capsulated HCC can be found in non-Asian pa-
tients, and the radiographic and pathologic find-
ings are similar to descriptions in the Japanese se-
ries.
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