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Abstract

Aim: To evaluate the dynamic CT, MRI, and clinico-
pathologic characteristics of rare hepatic malignant
tumors (HRMTs), improving the understanding and
diagnosis of the tumors.
Methods: A retrospective analysis of 54 cases of HRMTs
diagnosed by pathology in our hospital during January
1, 2005 to September 1, 2011.
Results: The types of tumors included hepatic sarcoma
(n = 8),malignant lymphoma (n = 4),malignant fibrous
histiocytoma (MFH, n = 7), malignant melanoma (MM,
n = 4), squamous cell carcinoma (SCC, n = 5), primary
clear cell carcinoma of the liver (PCCCL, n = 7), stromal
tumors (ST n = 4), hepatoblastoma (HB, n = 8), carci-
noid (n = 6), primary primitive neuroectodermal tumor
(pPNET, n = 1). Age of the patients ranged from 1 to
79 years (mean = 46.7 years). There were more men in
this group (34/54). Symptoms of HRMTs show no
specificity. Except PCCCL and HB, the serum AFP of
most HRMTs was negative. 43 patients had a single
hepatic mass, and 11 patients hadmultiple hepatic masses.
Diameters ranged from 2 to 15 cm (mean = 7.7 cm).
Precontrast CT revealed that most masses had uneven
density (n = 46) and ill-demarcated margin (n = 37).
Enhanced CT showed most lesions unevenly enhanced
(n = 49), of which PCCCL had a prompt enhancement in
the arterial phase and rapid wash-out on the portal venous
phase and delayed phase; malignant lymphoma and ST
had slight enhancement, MFH and undifferentiated
embryonal sarcoma had gradual delayed enhancement.
Most masses had low-signal on T1WI and high-signal on
T2WI, while MM had high-signal on T1WI and low-
signal on T2WI.
Conclusions:Although there is frequent overlap in the CT,
MRI, and clinicopathologic appearances between the rare

malignant tumors, some HRMTs have characteristic
imaging features that can suggest a specific diagnosis.
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Malignancy of the liver includes neoplastic lesions that
either originate in the liver or are metastatic from other
tissues. Except for hepatocellular carcinoma and chol-
angiocarcinoma, other types of malignant tumors are
quite rare [1]; it may be clinically, radiologically and
morphologically difficult to correctly diagnosis.

It presents a clinical dilemma, as they are not only
unusual but also often asymptomatic until they become
large, and even they have nonspecific symptoms. Most
patients do not have evidence of hepatitis or cirrhosis
and are negative in alpha-fetoprotein (AFP) [1–3].
Survival rates of rare hepatic malignant tumors
(HRMTs) remain discouraging. Although there is fre-
quent overlap in the CT, MRI, and clinicopathologic
appearances between the rare malignant tumors, some
HRMTs have characteristic imaging features that can
suggest a specific diagnosis. Herein, we present 54 cases
of HRMTs which were proven by pathology and review
of the literature.

Materials and methods

Clinical data

We have collected 54 cases of HRMTs diagnosed by
pathology from 2708 cases of hepatic malignant tumors
(HMT) during January 1, 2005 to September 1, 2011
in our hospital. Every patient underwent dynamic
CT examination (8 patients had CT examination in
other hospitals), of which 15 patients underwent
dynamic MRI examination before operation. 40 patientsCorrespondence to: En-hua Xiao; email: cjr.xiaoenhua@vip.163.com
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underwent tumor resection, while 14 patients underwent
biopsy. Our Institutional Review Board (IRB) approved
this retrospective study, and informed consent was
waived.

Equipment and methods

Using SIEMENS SOMATOM Sensation 64 CT. Scan
parameters were as follows: layer thickness: 3 mm; layer
from: 5 mm, vision field: 25 9 25–38 9 38 cm2, matrix:
512 9 512. Using Iohexol as CT contrast agent, dose:
1.5 mL/kg, injection flow rate: 2.5 mL/s. Hepatic arterial
phase (HAP) scanning began about 25–30 s after injec-
tion, hepatic venous phase (HVP) scanning began at
50 s, and hepatic delayed phase (HDP) scanning began
at 5 min. Adopting PHILIPS 3.0T superconducting
MRI. Scan parameters were as follows: body coil,
thickness: 6 mm, layer from: 1.5 mm, vision field: 380 9

380, matrix: 288 9 288; using respiratory-triggered fast
spin-echo (FFE) T1WI sequence: TR 10 ms, TE 2.3 ms;
respiratory triggered fast spin-echo T2 fat suppression
(TSET2) sequence: TR 2000 ms, TE 70 ms; FFET1-
enhanced sequence. Using Gd-DTPA as MRI contrast
agent, dose: 0.2 mg/kg, injection flow rate: 1.5 mL/s.
HAP scanning began about 25–30 s after injection, HVP
scanning began at 50 s, and HDP scanning began at
5 min. All the original films were reviewed by two
readers specialized in gastrointestinal imaging.

Results

Clinical findings (Table 1)

Age of the patients ranged from 1 to 79 years
(mean = 46.7 years). There were more men in this group
(34/54). 33 cases presented with right upper abdominal
quadrant intermittent pain or discomfort, 10 were inciden-
tally found to have a mass of the liver in physical exami-
nation, fever (n = 1), skin stained yellow sclera (n = 2),
left shoulder pain (n = 1), fatigue and anorexia (n = 3),
diarrhea and melena (n = 3), dysphagia (n = 1). Except
for primary clear cell carcinoma and hepatoblastoma, the
serum AFP levels of most tumors remained within the
normal range. 13 patients had a history of hepatitis B virus
infection. The postoperative follow-up rate was 64.85% (35/
54), and the overall survival time was 11 months.

Pathological findings

The types of tumors included hepatic sarcoma (n = 8,
carcinosarcoma 2, leiomyosarcoma 2; angiosarcoma 2;
undifferentiated embryonal sarcoma 1; fibrosarcoma 1),
malignant lymphoma (n = 4), malignant fibrous histio-
cytoma (MFH, n = 7), malignant melanoma (MM,
n = 4), squamous cell carcinoma (SCC, n = 5), primary
clear cell carcinoma of the liver (PCCCL, n = 7), T
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stromal tumors (ST n = 4), hepatoblastoma (HB,
n = 8), carcinoid (n = 6), primary primitive neuroec-
todermal tumor (pPNET, n = 1). MM, SCC, ST, and
carcinoid contained primary tumor and metastasis tumor
from other sites. The cases of metastasis tumors of MM,
SCC, ST, and carcinoid were 3, 3, 2, and 4, respectively.

Dynamic CT, MRI findings

43 patients had a single hepatic mass [right lobe (n = 30),
left lobe (n = 11), caudate lobe (n = 2)], and 11 patients
hadmultiplemasses. PrecontrastCT scan revealed thatmost
masses had uneven density (n = 46) with necrosis or hem-
orrhage, and ill-demarcated margin (n = 37). Diameters
ranged from 2 to 15 cm (mean = 7.7 cm). Enhanced CT
showed most lesions unevenly enhanced (n = 49), of which
the PCCCL had a prompt enhancement on HAP and rapid
wash-out on PVP and HDP, the malignant lymphoma and
ST had slight enhancement, and the MFH and undifferen-
tiated embryonal sarcoma had gradually delayed enhance-
ment (Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12; Table 2).

Most masses had low-signal on T1WI image and high-
signal on T2WI image, while malignant melanoma (MM)
was hyperintense on T1-weighted images and hypointense
on T2-weighted images. The enhancement was the same
with the CT scan. Most patients (n = 41) had no signs of
hepatitis and cirrhosis, and most masses did not violate
the portal vein and bile duct system (n = 39).

Discussion

Primary hepatic sarcoma

Primary hepatic sarcoma is a rare entity. It represents<1%

of all malignant hepatic tumors [4]. In our group, the pro-
portion of primary hepatic sarcomawas 0.29%. There were
eight cases of hepatic sarcomas, consisting of two cases of
carcinosarcomas, two leiomyosarcomas, two angiosarco-
mas, one undifferentiated sarcoma, and one fibrosarcoma.
None of themhad history of hepatitis B virus infection, and
AFP levels remained within the normal range.

Primary hepatic carcinosarcoma (PHCS) is a rare
malignant hepatic tumor [5]. It contains both carcino-
matous and sarcomatous ingredients [6]. It occurs most
commonly in men aged 50–70 years and indicates a poor
prognosis due to highly invasive and metastatic features
[7]. CT and MRI findings of PHCS may show a large,
irregular, lobulated, and low-attenuation mass with
necrotic or cystic area [7].

Primary hepatic leiomyosarcoma (PHLS) originates
from smooth muscle cells of the hepatic veins or bile duct
[8]. The tumor commonly occurs in middle-age or older
patients with equal-sex distribution [9]. Grossly, PHLS
usually presents as a single large mass [10]. CT findings
of PHLS have been described as a large, well-defined,
heterogeneous-hypodensity mass with internal and
peripheral enhancement [9, 11] or cystic mass with an
enhancing thick wall [8, 10].

Fig. 1. Carcinosarcoma in a 56-year-old man. Precontrast
CT scan shows a lobular low-density mass with well-defined
border and satellite lesions in left lobe of the liver (A),
enhanced CT scan demonstrates the mass heterogeneously
enhanced on arterial phase (HAP) (B) and on portal venous

phase (PVP) (C), and most areas of tumors become isoden-
sity with normal liver on delayed phase (HDP) (D), coronal
reconstruction of the portal venous phase (E). HE staining
(F, 9200): tumor tissue contains carcinomatous and sarcom-
atous ingredients, and the immature cartilage can be seen.
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Fig. 2. Fibrosarcoma in a 42-year-old man. Precontrast
CT scan shows a lobular low-density mass with necrosis
and ill-defined border in the right lobe of the liver (A),
enhanced CT scan demonstrates the mass has rim
enhanced on HAP (B) and on PVP (C), and peripheral

areas of tumors become isodensity with normal liver on
HDP (D), HE staining (E, 9100): tumor cells are fat and
spindle shaped. Immunohistochemical staining (F, 9100):
brown particles in cytoplasm and nucleus are on behalf of
Vim positive.

Fig. 3. Angiosarcoma in a 72-year-old man. Precontrast CT
scan reveals a heterogeneous low-density mass with hem-
orrhage in the right lobe of the liver (A), enhanced CT scan
shows the mass slightly and heterogeneously enhanced on
HAP (B) and PVP (C), and delayed enhancement (D),

coronal reconstruction of the PVP (E). HE staining (F,
9100): This section of tumor demonstrates tightly packed,
slit-like vascular channels lined by spindle-shaped endothe-
lial cells. The cells have eosinophilic cytoplasm, and large
nuclei.
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Primary hepatic angiosarcoma (PHAS) accounts for
only 2% of primary hepatic tumors. It most commonly
occurs in men between 50 and 70 years of age and has a
poor prognosis [4, 12]. A male predominance has been
reported [13]. PHAS accounts for only 0.07% of primary
hepatic malignant tumors in our group. The gross
appearance of PHAS evaluated by pathology shows four
types of growth patterns: a large dominant mass, multi-
ple nodules, mixed patterns of a dominant mass with
nodules, and a diffusely infiltrating micronodular tumor
[12, 14]. PHAS has various appearances at CT or MR
imaging which reflects varied histologic composition.
When PHAS appears as a massive lesion, MR images
show hemorrhagic and heterogeneous appearance.
Studies suggest that differentiation of PHAS from other
malignant neoplasms by MRI is difficult; especially
because the number of cases is limited [15].

Undifferentiated embryonal sarcoma (UES) of the
liver was first described as a clinicopathological entity in
1978 [16]. The tumor has a very slight male predomi-
nance [17]. UES is a solid lesion with central necrosis or
hemorrhage. The CT findings typically appear as a large,
predominantly cystic mass with well-defined border and
delayed enhancement [18], as in our case. On MRI

imaging, the tumor has low-signal on T1WI and high-
signal on T2WI. The tumor shows a peripheral enhance-
ment of a surrounding pseudocapsule on early enhanced
MR, and may show enhancement of tumor nodules on
HDP. Metastases may be seen in lung and bone, brain
and skin [19].

The CT findings of primary hepatic sarcoma in our
group are similar to the literature. The masses were more
common in right lobe (6/8). Diameters ranged from 5 to
15 cm (mean = 9.7 cm). Precontrast CT scan revealed
that masses were with uneven density and ill-demarcated
margin. Contrast-enhanced CT showed the lesions
unevenly enhanced.

Malignant lymphoma

Hepatic primary lymphoma constitutes about only
0.016% of nonHodgkin’s lymphoma (NHL) [20]. The
patients commonly present with right upper abdominal
quadrant discomfort or fever. Hepatic primary lym-
phoma is easily identified on CT scans, whereas sec-
ondary lymphoma is often diffusely infiltrate and
difficult to detect [21]. There are three morphologic
patterns in hepatic lymphoma: large solitary masses

Fig. 4. Lymphoma in a 25-year-old man. Precontrast CT
scan shows a large low-density mass with demarcated margin
in the right lobe of the liver (A), enhanced CT scan demon-
strates the mass slightly and heterogeneously enhanced on
HAP (B) and PVP (C), and delayed enhancement (D), pre-
contrast MRI scan shows the mass as hypointense on T1WI

(E) and hyperintense on T2WI (F), and heterogeneous
enhancement (G and H). HE staining (I, 9100) shows the
diffuse distribution of small round tumor cell. Immunohisto-
chemical staining (J, 9100): brown particles in cytoplasm and
nucleus are on behalf of leukocyte common antigen (LCA)
positive.
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(>4 cm), multiple focal nodules, and diffuse infiltrative
type. There are two cases of primary lymphoma and two
cases of secondary lymphoma in our group, and diffusely
infiltrative hepatic lymphoma was not observed.

Hepatic lymphoma appears as low-density lesions on
unenhanced and contrast-enhanced CT scans, or has a
thin enhancing rim [22, 23]. The CT characteristics of
hepatic secondary lymphoma include blood vessel float-
ing sign and enhancement [24]. MRI findings show that
the lesions present hypointense on T1WI and hyperin-
tense on T2WI. MRI can distinguish diffuse infiltration
from normal liver tissue in cases in which neither
sonography nor CT demonstrates any abnormalities [25].
MRI can be used in NHL patients with a clinical suspi-
cion of hepatic involvement when sonography and CT do
not show any focal lesions. Positron emission tomogra-
phy (PET) using deoxyglucose (FDG) scan has been
performed for further evaluation [26]. FDG–PET/CT
showed diffuse intense FDG uptake in the enlarged liver
and spleen, with systemic FDG-avid lymphadenopathy
including the hepatic hilar nodes [27]. However, none of
the imaging findings is specific for hepatic lymphoma.

The CT findings of hepatic lymphoma in our group
are similar to the literature. Precontrast CT and MRI
scan revealed that the masses were with even density
(3/4) and well-demarcated margin (4/4). Contrast-
enhanced CT showed the lesions slightly enhanced.

The hepatic secondary lymphoma in our group also
presented with large solitary masses, not the diffusely
infiltrative type. We recommend that in a large mass with
even density and slight enhancement the possibility of
lymphoma should be considered.

Malignant fibrous histiocytosarcoma

Malignant fibrous histiocytosarcoma (MFH) is the most
common soft tissue sarcoma in adults, usually involving
the deep fascia, extremities, or retroperitoneum [28].
Originating in the liver is very unusual. It has five his-
tological subtypes: storiform pleomorphic, giant cells,
myxoid, inflammatory, and angiomatoid [29]. Hepatic
MFH usually occurs in men between 50 and 60 years of
age. The 2-year survival rate is approximately 60%, and
20% suffers from local recurrence [30]. We had even cases
of hepatic MFH, the mean age was 44 years, there was a
slight male predominance (4/7), and the mean survival
time was 15 months.

CT findings of hepatic MFH include: large, hetero-
geneously enhancing mass with necrotic areas, single
enhancing peripheral pseudocapsule mass or cystic
mass with cystic wall and fibrous septa enhancement
[29, 31–33]. Better enhancement of the solid component
and fibrous septa may be seen on delayed CT scan [29].

Fig. 5. Malignant fibrous histiocytosarcoma in a 10-year-old
female child. Precontrast CT scan shows a large, heteroge-
neous low-density mass in the right lobe of the liver with well-
defined border (A), enhanced CT scan shows the cystic wall
and fibrous septa enhanced on HAP (B) and on PVP (C), and

better enhancement on HDP (D). HE staining (E, 9200,) iden-
tifies that the tumor is well demarcated with surrounding liver
parenchyma and consists of spindle cells and histiocyte-like
cells. Immunohistochemical staining (F, 9200): brown particles
in cytoplasm and nucleus are on behalf of vimentin positive.
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There is no evidence of portal vein invasion, bile duct
obstruction, or lymph node metastasis [29]. MRI find-
ings show the mass is with low-signal on T1WI and high-
signal on T2WI. Enhanced MRI findings were the same
with CT scan [29]. The imaging findings of MFH in our
group were in accord with the literature. Precontrast CT
and MRI scan revealed that the masses were with
heterogeneous density (7/7) and ill-demarcated margin
(5/7). Contrast-enhanced CT showed solid component
and septa had delayed enhancement.

Hepatectomy, systemic chemotherapy, or trans-arte-
rial chemoembolization (TACE) could be considered for
the treatment.

Malignant melanoma

Malignant melanoma (MM) is an aggressive tumor with
a tendency to metastasize. Hepatic metastasis of MM is
not unusual and may occur after a clinically long latent
period [34]. The primary MM is really rare. There are
four cases of malignant melanoma of which one was
primary MM and three were metastases in our group.
The prognosis of patients with MM liver metastases is
very poor; the 1-year survival is estimated at 10% [35]
and occurs in about 14%–20% of patients in clinical

series [36]. The mean survival time of MM in our group
was 8 months. F-18 FDG–PET has been proposed as the
standard imaging modality for staging high-risk patients
[37, 38]. MRI has also proven to be sensitive in the
detection of liver metastases compared to other imaging
modalities such as CT [39] and PET [40]. It appears that
MRI detects metastases a few months earlier than PET
scan. Precontrast MR images appear sufficient to screen
for liver metastases in patients with MM [40, 41].

Precontrast CT showed that the mass was a huge,
solid hyperintense lesion with central necrosis or hem-
orrhage. Calcifications could be seen in the solid com-
ponents. Contrast CT showed that the solid component
had slight enhancement [42–45]. MRI imaging can
provide more useful information than CT, and shows
the characteristic features of hyperintense on T1WI and
hypointense on T2WI [39]. The same findings were
evident in our group. The mean diameter was 7.8 cm.
Precontrast CT scan revealed that the masses were with
slight hyperdensity (3/4) and ill-demarcated margin (4/
4), some mass had necrotic areas, and there were no
visible calcifications. Contrast-enhanced CT showed the
lesions unevenly enhanced. Precontrast MRI showed
the characteristic features, and found more lesions than
CT scan.

Fig. 6. Malignant melanoma in a 25-year-old woman. Pre-
contrast CT scan shows an isoattenuation mass with ill-de-
fined margin in the left lobe of the liver (A), enhanced CT scan
shows the mass slightly and heterogeneously enhanced
(B–D); MRI scan demonstrates multiple lesions in the liver,
hyperintense on T1WI (E) and hypointense on T2WI (F),

coronal reconstruction of MRI and CT (G, H). HE staining
(I, 9200): the tumor cells disclose obvious atypia, with
abundant cytoplasm and large nucleus. Immunohistochemical
staining (J, 9200): brown particles in cytoplasm and nucleus
are on behalf of HMB45 positive.
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Criteria such as plasmacytoid morphology, spindled
cells, melanin-like pigment, and necrosis were helpful in
the diagnosis of MM. Immunoperoxidase staining
showed the expected staining pattern of positivity for
HMB-45 and S-100 protein [46]. Despite conventional
surgery for resectable segmental or lobar liver involve-

ment, systemic chemotherapy, chemoimmunotherapy, or
proton beam irradiation, the median survival of patients
with liver metastases is <6 months [47]. TACE can be
considered to be a safe treatment for liver metastases of
uveal malignant melanoma offering a symptomatic or
even palliative treatment option [41].

Fig. 7. Squamous cell carcinoma in a 65-year-old woman.
Precontrast CT scan shows an irregular low-density mass in
the left lobe of the liver with ill-defined border (A), with small
pieces of calcification. Enhanced CT scan shows the mass

has irregular ring enhancement on HAP (B) and PVP (C), and
has concentric delayed enhancement (D). HE staining
(F, 9200) shows the tumor tissue consists of pleomorphic
cells with marked intercellular bridges and focal keratinization.

Fig. 8. Primary clear cell carcinoma in a 70-year-old man.
Precontrast CT scan shows a heterogeneous low-density nodule
in the left lobe of the liver (A), enhanced CT scan demonstrates
the nodule has irregular ring enhancement on HAP (B) and PVP
(C), with delayed enhancement (D), MRI scan shows the nodule

has isoattenuation on T1WI (E) and T2WI (F). HE staining
(G, 9200) discloses the mass is mainly composed of clear cells,
with clear cell boundaries and clear membrane. Immunohisto-
chemical staining (H, 9200): brown particles in cytoplasm and
nucleus are on behalf of AFP positive.
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Squamous cell carcinoma

Hepatic primary squamous cell carcinoma (SCC) is rare
and reported sporadically. It has been reported to be
associated with hepatic teratoma, hepatolithiasis, or
hepatic cysts with chronic inflammation and metaplasia
[42, 48–51]. Because of portal vein invasion and dis-
seminated metastases, the prognosis is very poor, with no
survival longer than 1 year ever having been reported
[42, 52, 53]. Metastatic SCC of the liver mostly originates
from nasopharyngeal cancer, cervical cancer, lung can-
cer, or upper esophageal cancer. In our group, there were
two cases of primary SCC and three cases of metastatic
SCC.

Precontrast CT showed that the lesion was a huge,
predominantly cystic mass with a solid component and
irregular wall. Calcifications were seen in the solid
components. Contrast CT showed that the solid com-
ponent and irregular wall had enhancement [42–45].
MRI showed that the mass was hypointense on
T1-weighted images and hyperintense on T2-weighted
images [42]. Furthermore, given the current knowledge
about the origin of SCC, sonographic follow-up of he-
patic cysts should be needed, and surgical resection may
be recommended in the case of large cysts with unclear
sonographic findings [54]. The same findings were evi-
dent in our group. Precontrast CT scan revealed that
the masses were with uneven hypodensity (5/5) and

ill-demarcated margin (4/5), and with small pieces of
calcification. Contrast-enhanced CT showed the lesions
unevenly enhanced.

Microscopically, the tumor tissues consist of variable-
sized solid tumor nests with middle- to large-sized cells
with intercellular bridge formation and focal keratiniza-
tion [42]. Hepatectomy, systemic chemotherapy (5-fluo-
rouracil and cisplatin), or TACE could be considered for
the treatment [55, 56].

Primary clear cell carcinoma

Primary clear cell carcinoma of the liver (PCCCL) is a
rare subtype of primary hepatocellular carcinoma
(HCC). The clinical characteristics of the PCCCL are
similar to those of conventional HCC. The frequency is
between 2.2% and 6.7% among HCC reported in the lit-
erature [57, 58]. Lai et al. [59] suggested that the diag-
nosis of hepatic CCC could be made even when the
proportion of clear cells was <30%, while Buchanan
et al. [60] suggested that PCCCL should be diagnosed
when the proportion of clear cells was >30%. However,
tumors with clear cells ranging from 90% to 100% are
extremely rare [61]. Most studies are diagnosed PCCCL
when the proportion of clear cells was >50% [58, 62, 63].
The rates of hepatitis B virus infection and capsule for-
mation were higher in PCCCL patients than in those
with HCC. However, no remarkable differences in

Fig. 9. Stromal tumor in a 53-year-old man. Precontrast CT
scan reveals an irregular low-density mass with demarcated
margin in the left lobe of the liver (A), enhanced CT scan
shows the mass has slight irregular ring enhancement (B–D).

HE staining (E, 9100) discloses neoplastic spindle cells in an
irregular pattern. Immunohistochemical staining (F, 9100):
brown particles in cytoplasm and nucleus are on behalf of
CD117 positive.
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patients’ sex, age, AFP-positive rate or the location, size,
number, and grade of tumors were observed between the
two groups [57]. Both the tumor types were prone to
occur in patients with hepatitis B virus infection and liver
cirrhosis [57]. There are seven cases of PCCCL in our
group; the serum AFP levels of most tumors (6/7) were
high. All the patients had history of hepatitis B virus
infection.

Pseudocapsule formation is an important gross
pathologic feature of HCC. Pseudocapsule indicates a
relatively positive prognosis after tumor resection [64].
The pseudocapsule presents as rim enhancement, and
MRI is more sensitive than CT in identifying the finding
[64–66]. Because of hypervascular blood supply, typical
HCC shows early enhancement at HAP, and rapid wash-
out at PVP or HDP [67, 68]. The imaging characteristics
of PCCCL are similar to those of HCC [69]. These
imaging features may help differentiate PCCCL from
other liver tumors. The CT and MRI findings of our
patients were the same as mentioned above, but one
patient had delayed enhancement.

Surgical resection is an effective way to achieve
favorable outcomes and even long-term survival of the
patients with hepatic PCCCL [58, 70]. Ji showed that the

prognosis was related to the proportion of clear cells.
The greater the number of clear cells, the better the
prognosis. Postoperative chemotherapy with calcium
folinate and tegafur had no obvious effect on survival
time of patients [63].

Stromal tumors

Stromal tumor (ST) is seen mostly in the gastrointestinal
tract and predominantly occurs in the stomach (60%–
70%) and small intestine (25%–35%), with rare occur-
rences in the colon and rectum (5%), esophagus (<2%)
and appendix [71, 72]. Liver metastasis is the most pre-
dominant site, accounting for about 50% of all the cases.
There have been only few reports of hepatic primary ST
so far [73, 74]. Lymph node metastases are rare. The
postoperative 5-year survival rate was 30%, with a
median survival of 39 months [75]. There were two cases
of hepatic primary ST and two cases of metastatic ST in
our group, the mean age was 49 years and mean survival
time was 19 months.

Imaging features of ST have an exophytic and cavi-
tary nature with heterogeneous enhancement [76, 77]. In
Vanel’s report [76], 13 cases of hepatic metastases from

Fig. 10. Hepatoblastoma in a 65-year-old woman. Precon-
trast CT scan shows three low-density masses with necrosis
and demarcated margin in the liver (A), enhanced CT scan
shows the masses significantly enhanced on HAP (B) and
PVP (C), and with isoattenuation on HDP (D), precontrast
MRI scan demonstrates the masses are hypointense on T1WI

(E) and hyperintense on T2WI (F), on enhanced MRI the
masses have significantly and heterogeneously enhancement
(G, H). HE staining (I 9100, J 9200) discloses tumor cells
have obvious atypia, and tumor cells are arranged in adenoid
or acinar-like shape.
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gastrointestinal ST were heterogeneous hypodense
lesions with progressive, concentric enhancement. The
masses of ST in our group were with heterogeneous
density and ill-defined borders, and had slight hetero-
geneous enhancement.

Surgery is the preferred management for ST where
feasible. Localized resection with a clear margin of
1–2 cm seems to be adequate treatment [78]. Imatinib
mesylate, a tyrosine kinase inhibitor, is an effective
treatment for locally advanced unresectable static ST,

Fig. 11. Carcinoid in a 25-year-old woman. Precontrast
CT scan shows multiple low-density masses with ill-de-
fined border in the liver (A), on enhanced CT scan, the
masses are significantly enhanced on HAP (B) and PVP
(C), and the enhancement decreases on HDP (D), angi-
ography (E) demonstrates the masses have rich blood

supply. HE staining (F, 9100) discloses islands of cells
are separated by vascularized septa. The cells are dis-
cohesive with small nucleoli, powdery chromatin, and no
observable cytoplasm. Immunohistochemical staining
(G, 9100): brown particles in cytoplasm and nucleus are
on behalf of Syn positive.

Fig. 12. Peripheral primary primitive neuroectodermal tumor
in a 66-year-old woman. Precontrast CT scan shows an
irregular low-density mass with hemorrhage and ill-defined
margin in the right lobe of the liver (A), on enhanced CT scan,

the mass has slight ring enhancement (B–D). HE staining
(E, 9100) discloses the small round cells distributed like flake
or nest. Immunohistochemical staining (F, 9100): brown par-
ticles in cytoplasm and nucleus are on behalf of CD99 positive.
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and imatinib mesylate and transplantation are effective
agents for molecularly targeted treatment [79]. Tumor
size and mitotic counts are used as prognostic factors,
and mitotic counts exceeding 5 per 50 high power fields
or size larger than 5 cm can predict recurrence or
metastasis to other areas [76, 80].

Hepatoblastoma

Hepatoblastoma (HB) has an incidence of 0.6/100000,
accounting for approximately 60%–85% of all hepatic
tumors in children [81, 82]. Most of the children are
between 6 months and 3 years of age. Children usually
present with abdominal distension, abdominal pain, or
gastrointestinal disorders [83], serum AFP is typically
raised in 90% of patients [81]. The AFP negative hepatic
lesions can still be a malignant HB [84], which include a
small cell undifferentiated component and are thought to
be more aggressive [85]. We have eight cases of HB, six
cases were children (mean age = 5 years), two cases
were adult (mean age = 47 years), AFP levels of most
patients (7/8) were raised. None of the patients had his-
tory of hepatitis B virus infection.

Macroscopically, HB consists of a large multinodular
expansile mass with necrosis and hemorrhage, well
demarcated but not encapsulated. Histopathological
classification of HB has been divided two types: pure
epithelial and mixed epithelial and mesenchymal [86].

Unenhanced CT typically shows a relatively well-
defined, heterogeneous slightly hypodense mass, with or
without calcifications. On contrast-enhanced CT, the
tumor reveals a heterogeneous enhancement, which may
be hyperdense on the early HAP and usually appears iso-
or hypodense on HDP. On MR images, HB is iso- or
hyperintense on T2WI and iso- or hypointense on T1WI.
The enhancement of contrast MRI is similar with CT
and quite nonspecific [87, 88]. The tumor has a tendency
to invade hepatic and portal veins. In our group, pre-
contrast CT and MRI scan revealed that the masses were
with heterogeneous density (8/8) and ill-demarcated

margin (5/8), three cases had calcification. Contrast-
enhanced CT showed the lesions had heterogeneous
enhancement.

The foundation of HB management is surgical
resection [89] and preoperative chemotherapy could
cause the tumor to shrink, allowing removal of a previ-
ously unresectable tumor [90, 91]. Liver transplantation
for HB also has been recommended [92]. New method-
ologies have been applied for local control, including
TACE [93] and radiofrequency ablation (RFA) [94] for
advanced-stage and metastatic tumors.

Hepatic carcinoid

Carcinoid is the most common neuroendocrine tumor.
It comprises 1%–2% of all gastrointestinal malignancies
[95, 96]. Metastases to the liver are approximately 5%–
10% of gastrointestinal carcinoid [96–98]. Hepatic pri-
mary carcinoids are very rare. We had four cases of
metastatic carcinoid from the pancreases and sigmoid
colon, and one case of hepatic primary carcinoid. There
were no signs of carcinoid syndrome in our patients.
The typical histological appearance is small uniform
cells arranged in nests, cords, and trabeculae, contain-
ing both neuroendocrine and carcinoma components
[99].

The radiologic characteristics of hepatic primary
carcinoid have not been well defined, but the case reports
reviewed show that the lesions are typically solid with
necrotic components [100–105]. Earlier reports have
described hepatic metastatic carcinoid lesions as solid,
hypervascular masses [106, 107]. Carcinoid hepatic
metastases may be difficult to identify and delineate on
CT as they may be isointense on PVP imaging. A com-
bination of precontrast, HAP, and PVP imaging will
improve the sensitivity of detection [107]. Selective
angiography detects 20% more liver metastases than CT
[108]. In MRI series of 156 metastatic lesions, using
multi-phase enhanced scans, 94% were hypervascular,
and 6% were hypovascular. None were primarily cystic

Table 2. The dynamic CT and MRI findings of HRMTs

Tumor types Cases Location Mean
size (cm)

Density
(uneven)

Border
(ill-defined)

Enhancement

Sarcoma 8 Right lobe 6 left lobe 2 9.7 8 4 7
Malignant lymphoma 4 Right lobe 2 left lobe 1 caudate lobe 1 8.9 2 2 3
MFH 7 Right lobe 5 left lobe 1 9.1 6 5 7
MM 4 Right lobe 2 multiple masses 2 7.8 3 3 4
SCC 5 Right lobe 1 left lobe 1 multiple masses 3 6.1 5 4 5
PCCCL 7 Right lobe 6 left lobe 1 6.4 7 7 7
ST 4 Right lobe 2 left lobe 2 7.5 3 3 3
HB 8 Right lobe 4 left lobe 1 caudate lobe 1 multiple masses 3 9.5 7 4 8
Carcinoid 6 Right lobe 1 left lobe 2 multiple masses 3 3.2 5 5 6
pPNET 1 Right lobe 5.3 1 0 1
Total 54 – 7.7 46 37 49

HRMTs hepatic rare malignant tumors, MFH malignant fibrous histiocytosarcoma, MM malignant melanoma, SCC squamous cell carcinoma,
PCCCL primary clear cell carcinoma of the liver, ST stromal tumors, HB hepatoblastoma, pPNET peripheral primary primitive neuroectodermal
tumor.
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[109]. Kuker suggested delayed phase FDG–PET/CT
improves lesion detectability in primary and metastatic
liver disease, revealing new lesions in 17% of the patients
[110]. Most patients (4/5) of our group had multiple
masses. The CT and MRI findings had no specificity, so
it was difficult to diagnose correctly before operation.

Primary primitive neuroectodermal
tumor

Primitive neuroectodermal tumor (PNET) is a rare
malignant tumor originating from neuroectoderm and
consists of primitive undifferentiated small round cells
[111]. The term PNET was coined by Hart and Earle in
1973 [112]. It can be classified into two types: Central-
type (cPNET) and peripheral-type (pPNET) [111]. The
majority of PNETs occur in the central nervous system
(CNS) of children [113, 114]. Peripheral PNET often
occurs in the thoracopulmonary region (Askin tumor),
retroperitoneum, and extremities [115]. Involvement of
visceral organs by PNET is particularly rare. Involve-
ment of the liver has been reported in the form of
metastasis from other primary sources [116, 117]. There
are only a few cases of primary hepatic neuroectodermal
tumor reported worldwide in the literature [118, 119].

In pPNET patients, the tumors often demonstrated
ill-defined, large soft tissue masses (>5 cm on average)
and exhibited aggressive spread to the normal tissue.
Calcification and lymphadenopathy are uncommon at
presentation [120–122]. The tumor often demonstrated
isodensity with necrotic areas on precontrast CT images,
or isointensity or hypointensity on T1-weighted MR
images and heterogeneous hyperintensity on T2-weigh-
ted MR images. On contrast-enhanced CT/T1WI, the
tumor showed heterogeneous enhancement [123, 124]. In
our group, the tumor demonstrated heterogeneous
hyperintensity mass with necrosis and hemorrhage
within it, and had slight heterogeneous ring enhance-
ment.

Histopathology of the PNET revealed that these
tumors had poorly differentiated small round cell
morphology. Immunohistochemistry revealed CD-99-
positive [125]. The therapeutic protocol of PNET is
similar to that used for Ewing’s sarcoma because of
similarities between the two tumors [126, 127]. The fo-
cus of pPNET therapy incorporates surgery, chemo-
therapy, and radiation therapy. Yao showed that early
Chromogranin A (CgA) and neuron-specific enolase
(NSE) responses were potential prognostic markers for
treatment in patients with advanced PNET [128].
pPNET can progress rapidly, and metastasis and local
extensions are often found during initial diagnosis [127,
129]. The overall survival rate of pPNET is poor and
with 5-year disease-free survival rate of 45%–55% [130].
The patient in our group died of lung metastasis about
3 months after operation.

Conclusion

Some HRMTs have characteristic imaging features that
can suggest a specific diagnosis, although there is frequent
overlap in the CT, MRI, and clinical appearances of
HRMTs. Our study showed that excepting PCCCL and
HB, the serum AFP levels of most HRMTs remained
within normal range. PCCCL had prompt enhancement
on HAP and rapid wash-out on PVP and HDP; lym-
phoma and ST had slight enhancement, and the MFH
and undifferentiated embryonal sarcoma had gradually
delayed enhancement. Other types of rare hepatic tumors
generally had heterogeneous enhancement.
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