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Abstract
Objectives To evaluate how sarcomatoid carcinomas (SCs) would be classified on magnetic resonance imaging (MRI) by using
the Liver Imaging Reporting and Data System (LI-RADS) and to assess imaging features of SC compared with other hepatic
malignancies.
Methods We retrieved 184 patients with pathologically confirmed SC (n = 46), hepatocellular carcinoma (HCC, n = 92), and
intrahepatic cholangiocarcinoma (iCCA, n = 46) diagnosed between January 2006 and December 2017. Two readers indepen-
dently reviewedMRI according to LI-RADS v2017. Classification rate of SC, as probably or definitelymalignant but not specific
for HCC (LR-M), was calculated. LR-TIV (tumor in vein) was subclassified as either 5Vor MV. MRI features were compared
between SC, HCC, and iCCA and between SC of LR-M and non-LR-M categories.
Results Chronic liver disease was present in 71.7% (33/46) of patients with SC, and LI-RADS was applied for these patients. SC
was classified as LR-M in 24 (72.7%) of 33 patients at risk. SCs that had been classified as LR-4/5/5V were significantly smaller
(median, 1.9 cm; range, 1.0–4.2 cm) than SCs classified as LR-M/MV (median, 4.3 cm; range, 1.3–20.6 cm) on independent t test
(p = 0.012). SCs commonly showed MRI features similar to iCCAs than to HCCs. Targetoid appearance and capsular retraction
were more frequent in iCCA than in SC (p ≤ 0.009) on Pearson’s chi-squared test or Fisher’s exact test.
Conclusion Most SCs can be classified as LR-M on MRI, but small lesions may be indistinguishable from HCCs.
Key Points
• Most sarcomatoid carcinomas (SCs) are classified as LR-M on MRI by using LI-RADS v2017.
• SC showed various LR-M features similar to those of intrahepatic cholangiocarcinoma.
• Size of LR-4/5/5V SC was significantly smaller than that of LR-M/MV SC.
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Abbreviations
CLD Chronic liver disease
DWI Diffusion-weighted imaging
HBP Hepatobiliary phase
HCC Hepatocellular carcinoma
iCCA Intrahepatic cholangiocarcinoma
LI-RADS Liver Imaging Reporting and Data System
MRI Magnetic resonance imaging

SC Sarcomatoid carcinoma
T1WI T1-weighted imaging
T2WI T2-weighted imaging
TIV Tumor in vein

Introduction

Hepatic sarcomatoid carcinoma (SC) is a rare malignant he-
patic tumor comprising carcinomatous and sarcomatous com-
ponents [1, 2]. SC may be subclassified as sarcomatoid hepa-
tocellular carcinoma (S-HCC), sarcomatoid intrahepatic chol-
angiocarcinoma (S-iCCA), or undifferentiated carcinoma ac-
cording to the main carcinomatous component [3]. The prog-
nosis of SC is known to be poor, due to more advanced his-
tologic grades and a higher rate of recurrence or metastasis
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than in ordinary hepatocellular carcinoma (HCC) or ordinary
intrahepatic cholangiocarcinoma (iCCA) [1, 4–8]. Therefore,
identifying SC is important for proper patient management
and treatment planning.

Few studies have reported the imaging findings of hepatic
SC [9–13]. SCs tend to appear as large intrahepatic masses
with peripheral enhancement, large area of central necrosis,
and frequent intrahepatic metastases and tumor seeding on
computed tomography or magnetic resonance imaging
(MRI) [9–14]. These findings may help distinguish SC from
HCC, but may mimic other hepatic malignancies like iCCA.
Moreover, no controlled studies have compared the imaging
findings between SC and HCC or iCCA.

The Liver Imaging Reporting and Data System (LI-RADS)
is a comprehensive system for standardized interpretation and
reporting of imaging in patients at high risk of developing
HCC [15]. Unlike other guidelines for HCC diagnosis [16,
17], the LI-RADS includes a category for lesions that are
probably or definitely malignant, but not specific for HCC
(LR-M), in addition to categories reflecting the probability
of HCC (LR-1–5). It might be desirable that hepatic SC
should be classified as LR-M, in order to avoid being diag-
nosed as HCC by imaging criteria alone and then undergoes
treatment without histologic diagnosis. However, to our
knowledge, no study has evaluated the imaging features of
SC by using the LI-RADS.

Therefore, we aimed to evaluate how SC would be classi-
fied on MRI when using the LI-RADS and to assess imaging
features of SC compared with those in other primary hepatic
malignancies.

Materials and methods

Patients

This retrospective study was approved by our institutional
review board, which waived the requirement for informed
consent. We searched our electronic medical records for pa-
tients with pathologically proven liver tumors diagnosed be-
tween January 2006 and December 2017, by using the search
terms Bsarcomatoid^ or Bsarcomatous.^ Of 6901 patients with
pathologically proven malignant hepatic tumors, 79 had he-
patic SCs. Among these, 33 were excluded because of (a) no
liver MRI (n = 14), (b) non-hepatic primary SC (n = 6), and (c)
treated hepatic SC prior to liver MRI (n = 13). Finally, 46
patients with hepatic SCs were included. The SC subtypes
were sarcomatoid HCC (S-HCC, n = 17), sarcomatoid iCCA
(S-iCCA, n = 13), sarcomatoid combined HCC and cholan-
giocarcinoma (S-cHCC-CC, n = 7), and undifferentiated SC
(u-SC, n = 9). Undetermined SCs were confirmed by liver bi-
opsy, which limited further classification of specific histologic
types. For selecting patients with HCC or iCCAs over the same

period and for comparison of their clinical and MRI features to
those of patients with SCs, 1:2 and 1:1 propensity score
matching was used respectively. Finally, 46 patients with SCs,
92 with HCCs, and 46 with iCCAs were included (M:F,
141:43; mean age ± standard deviation, 61.2 ± 10.5 years;
Fig. 1). The sex ratio was comparable between the three groups,
which reflected the prevalence in general population. Of these
184 patients, 123 had underlying chronic liver disease (CLD),
with the following etiology: hepatitis B virus (n = 100), hepati-
tis C virus (n = 9), alcoholic liver disease (n = 8), and others
(n = 6). Regarding the type of reference standard, 53.8% (99/
184) of patients underwent hepatic resection and 46.2% (85/
184) underwent percutaneous liver biopsy.

MR image acquisition

Liver MRI was performed using a 3.0-T (MAGNETOM Tim
Trio, Siemens Healthineers; Intera Achieva, Philips
Healthcare) or a 1.5-T system (Intera Achieva, Philips
Healthcare). Our routine liver MRI protocol included dual-
echo spoiled gradient-echo T1-weighted in-phase and
opposed-phase imaging, multi-shot and single-shot turbo
spin-echo T2-weighted imaging (T2WI), and dynamic T1-
weighted imaging (T1WI). Single-shot echo planar
diffusion-weighted imaging (DWI) was performed using b
values of 50, 400, and 800 s/mm2. Dynamic fat-suppressed
spoiled gradient-echo T1WI was acquired before and after
contrast injection: gadoxetate disodium (Primovist®, Bayer
Pharma AG) in 114 patients, gadobenate dimeglumine
(MultiHance®, Bracco SPA) in 6, gadoterate meglumine
(Dotarem®, Guerbet SA) in 60, and gadopentetate
dimeglumine (Magnevist®, Bayer Pharma AG) in 4.
Gadoxetate disodium was administered at a dose of 0.1 mL/kg
(0.025 mmol/kg) followed by a 20-mL saline flush at an
injection rate of 1 mL/s. Other contrast agents were injected at
a dose of 0.1 mmol/kg, followed by a 20-mL saline flush at an
injection rate of 2 mL/s. To determine the optimal timing of
the arterial phase, a test bolus technique or bolus-tracking
method was used. Subsequent dynamic phases were acquired
with intervals of approximately 30 s; each dynamic phase
required 16–22 s. The hepatobiliary phase (HBP) was obtain-
ed 15–20min after gadoxetate disodium injection and 2 h after
gadobenate dimeglumine injection. Among the 184 patients,
64 patients who had MRI with extracellular contrast agents
had no HBP data, and seven patients had no available DWI
data, respectively.

Image analysis

Two abdominal radiologists, with 25 or 5 years of experience in
liver imaging, independently reviewed the MR images. For LI-
RADS categorization and review of all MRI features, any dis-
crepancy between the reviewers was resolved by consensus
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review, and consensus data were used for analysis. The re-
viewers were aware that all the patients had pathologically con-
firmed primary hepatic malignancy, but were blinded to the
specific histopathological diagnosis or other clinical findings.
Prior to image review, the size and location of the tumor were
provided via series/image numbers and arrows on the picture
archiving and communication system by a study coordinator
(an abdominal radiologist with 5 years of experience in liver
imaging) who did not participate in the image review. If the
patients had multiple hepatic tumors, the largest representative
lesion was considered the index lesion. The largest diameter of
the tumor was measured in the phase in which the lesion was
best demarcated [18].

For 123 patients with risk factors, reviewers assigned LI-
RADS categories (LR-1–5 or LR-M) to the tumors by using
major and ancillary features of LI-RADS v2017. LR-TIV (tu-
mor in vein) was assigned when unequivocal soft tissue in
vein was present, regardless of parenchymal mass. If the pa-
renchymal mass was present in LR-TIV cases, LR-TIV was
subclassified according to imaging features of the associated
parenchymal mass, such as LR-5Vor LR-MV.

Additionally, reviewers evaluated the following MRI fea-
tures in all 184 patients: (a) tumor shape (round, lobulated, or
irregular/geographic); (b) enhancement pattern; (c) enhancing
and nonenhancing capsule; (d) signal intensity of the tumor
relative to liver parenchyma on T2WI, DWI, and HBP; (e)
targetoid appearance on DWI and HBP; (f) TIV; (g) other an-
cillary features; and (h) additional imaging features.
Enhancemen t pa t t e rn s i nc luded a r t e r i a l - pha se
hyperenhancement (no, rim-like, or non-rim-like) and washout
(no, peripheral, non-peripheral). Washout appearance was

defined in the portal venous phase on gadoxetate-enhanced
MRI, and in the portal venous and delayed phases onMRI using
extracellular contrast agents. Delayed central enhancement (de-
fined as a central area of progressive postarterial-phase enhance-
ment) [15] was also assessed. Capsule appearance was consid-
ered present when it appeared around at least two-thirds of the
tumor border [19]. T2WI was also evaluated for intralesional
bright signal intensity, which was higher than that of the spleen,
suggesting intratumoral necrosis. Other ancillary features in-
cluded intralesional fat or hemorrhage and mosaic appearance.
We also evaluated additional imaging features other than LI-
RADS including capsular retraction, adjacent biliary dilatation,
and intrahepatic and extrahepatic metastases. Intrahepatic me-
tastasis was defined as a nodule having the same imaging char-
acteristics as those in the main mass and being separated > 2 cm
in distance from themainmass. Themajor and ancillary features
were defined according to the LI-RADS v2017 [15].

Pathologic evaluation

Histologically, SCs comprised varying proportions of spindle
cell components and carcinomatous components. The latter
exhibited hepatocellular differentiation (S-HCC) or biliary dif-
ferentiation (S-iCCA), or both (S-cHCC-CC). The differenti-
ation status of tumors was primarily evaluated using
hematoxylin-eosin staining; additionally, various histochemi-
cal stains, including mucicarmine and alcian blue/periodic ac-
id-Schiff, and immunohistochemical markers, including
cytokeratin (AE1/AE3), vimentin, HepPar1, arginase-1, al-
pha-fetoprotein, keratin 19, and polyclonal carcinoembryonic
antigen, were applied as appropriate. The exact differentiation

Fig. 1 Patient enrollment process. High-risk patients are those who had
underlying chronic liver disease. MRI, magnetic resonance imaging; SC,
sarcomatoid carcinoma; HCC, hepatocellular carcinoma; iCCA,
intrahepatic cholangiocarcinoma; S-HCC, sarcomatoid hepatocellular

carcinoma; S-iCCA, sarcomatoid intrahepatic cholangiocarcinoma; S-
cHCC-CC, sarcomatoid combined hepatocellular and cholangiocarcino-
ma; u-SC, undifferentiated sarcomatoid carcinoma
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of carcinomatous components could not be determined in
some biopsied cases because of specimen limitations; there-
fore, such cases were classified as u-SCs.

Statistical analysis

To compare the clinical and MRI features between hepatic
SCs and other primary hepatic malignancies, patients with
HCCs and iCCAs were selected using 1:2 and 1:1 propensity
score matching via the nearest-neighbor matching method.
MRI date and type of histologic confirmation (operation or
biopsy) were used as covariates to match the MRI scan pro-
tocols, including type of contrast agent, and to match the op-
erability of tumors.

As the LI-RADS should be applied in patients at high risk of
developing HCC, we calculated the sensitivity, specificity, and
accuracy of LR-5/5V and LR-M/MV for patients at high risk
only. Correct LI-RADS category of SCs was considered as LR-
M. Sensitivity, specificity, and accuracy of LR-5/5V were used
for the diagnosis of HCC, and those of LR-M/MVwere applied
for the diagnosis of non-HCC malignancy (iCCAs or SCs in
this study). Interobserver agreement for LI-RADS categoriza-
tionwas assessed using κ statistics: κ values < 0.20, poor; 0.21–
0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good; and 0.81–
1.00, excellent agreement. Normal distribution of the data was
tested using the Kolmogorov-Smirnov test and Shapiro-Wilk
test. Comparison of the clinical and MRI features among pa-
tients with SCs, HCCs, and iCCAs was performed using one-
way analysis of variance with post hoc analysis and the
Bonferroni correction for continuous variables, and Pearson’s
chi-squared test or Fisher’s exact test for categorical variables.
The corrected p values were calculated by multiplying the orig-
inal p values by the number of comparisons. The clinical and
MRI features of patients with SCs were compared between LR-
M/MVand non-LR-M/MV by using independent t test for con-
tinuous variables and Pearson’s chi-squared test or Fisher’s ex-
act test for categorical variables.

Statistical analyses were performed using R version 3.3.3
(R Foundation for Statistical Computing) and IBM SPSS
Statistics, Version 23.0 (IBM Corp.). P values < 0.05 were
considered statistically significant.

Results

LI-RADS categorization of hepatic SC, HCC, and iCCA

Among 46 patients with SCs, 33 patients had CLD. For 33
patients with SCs at risk of HCC, 24 (72.7%) were classified
as LR-M (Table 1; Figs. 2 and 3). Six SCs were classified as
LR-4 or 5 (Fig. 4), and three SCs were classified as LR-TIV
(Fig. 5). Among the three LR-TIV cases, one was classified as
LR-5V and two were classified as LR-MV, according to the

associated parenchymal mass. There were no LR-TIV cases
with no discernible parenchymal mass in this study. None of
the SCs were classified as LR-1 to 3. Sensitivity, specificity,
and accuracy of the LR-M/MV category for diagnosing non-
HCCmalignancy were 81.8%, 85.3%, and 83.7%, respective-
ly, in patients at high risk of HCC (Table 2). In SC patients, the
sensitivity of LR-M/MV for the diagnosis of SC was 78.8%.
Interobserver agreement for LI-RADS categorization between
both reviewers was good (κ, 0.659; 95% confidence interval,
0.554–0.764).

Features of hepatic SC compared with those of HCC
and iCCA

The incidence of CLD was 71.7% in patients with SC, 73.9%
in those with HCC, and 47.8% in those with iCCA without
significant differences between SC and HCC (p > 0.999), and
SC and iCCA (p = 0.057; Table 3). On liver MRI, SCs showed
lobulated or irregular shapes more frequently than did HCCs
(83.1% vs. 54.3%, p = 0.009). SCs showed the following fea-
tures less frequently than did HCCs: non-rim-like arterial en-
hancement, non-peripheral washout, enhancing and
nonenhancing capsules, and mosaic appearance (p ≤ 0.027).
Delayed central enhancement, targetoid appearance on DWI
or HBP, adjacent biliary dilatation, and extrahepatic metastasis
were more frequent in SC than in HCC (p ≤ 0.030). Targetoid
appearance onDWI or HBP and capsular retraction weremore
frequent in iCCA than in SC (p ≤ 0.009).

Features of hepatic SC: comparison
between the LR-M/MV and LR-4/5/5V categories

Patients with SC classified as LR-M/MV were older than
those with SC classified as LR-4/5/5V (p = 0.020).

Table 1 LI-RADS categories of SC, HCC, and iCCA on magnetic
resonance imaging in high-risk patients

LR-4 LR-5 LR-M LR-TIV

SC (n = 33) 2 (6.0) 4 (12.1) 24 (72.7) 3 (9.1)

S-HCC (n = 16) 2 (12.5) 3 (18.8) 10 (62.5) 1 (6.3)

S-iCCA (n = 7) 0 (0) 0 (0) 7 (100) 0 (0)

S-cHCC-CC (n = 7) 0 (0) 1 (14.3) 5 (71.4) 1 (14.3)

u-SC (n = 3) 0 (0) 0 (0) 2 (66.7) 1 (33.3)

HCC (n = 68) 2 (2.9) 49 (72.1) 7 (10.3) 10 (14.7)

iCCA (n = 22) 0 (0) 3 (13.6) 18 (81.8) 1 (4.5)

Data in parentheses are percentages. Percentagesmay not add up to 100%
because of rounding

LI-RADS, Liver Imaging Reporting and Data System; SC, sarcomatoid
carcinoma; HCC, hepatocellular carcinoma; iCCA, intrahepatic cholan-
giocarcinoma; S-HCC, sarcomatoid HCC; S-iCCA, sarcomatoid iCCA;
S-cHCC-CC, sarcomatoid combined hepatocellular and cholangiocarci-
noma; u-SC, undifferentiated sarcomatoid carcinoma
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Fig. 2 A 10.2-cm sarcomatous
intrahepatic cholangiocarcinoma
of LR-M category in an 86-year-
old man. Axial T1-weighted im-
ages acquired during the arterial
(a), portal venous (b), and
hepatobiliary (c) phases show a
lobulated mass with poor
enhancement and multiple
intrahepatic metastases
(arrowheads). d Axial T2-
weighted image shows the tumor
with a large central area of bright
signal intensity, suggestive of
necrosis

Fig. 3 A 5.2-cm undifferentiated
sarcomatoid carcinoma of LR-M
category in a 41-year-old woman.
a Axial arterial-phase magnetic
resonance (MR) image shows a
lobulated mass with peripheral
enhancement in the central liver. b
Axial 3-min delayed-phase MR
image shows gradual
enhancement of the mass
(arrows). c Axial T2-weighted
image shows moderate
hyperintensity of the mass with
intrahepatic duct dilatation, which
mimics intrahepatic
cholangiocarcinoma. This mass
shows diffusion restriction in the
diffusion-weighted image (d)
(b = 800 s/mm2)
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Histological subtypes of LR-4/5/5V SC were S-HCC in five
patients and S-cHCC-CC in two (Table 4). Tumor size was
significantly smaller in LR-4/5/5V SC than in LR-M/MV SC
(p = 0.012). LR-4/5/5V SCs showed a higher frequency of
imaging features that favored HCCs (p ≤ 0.040), and a lower
frequency of intrahepatic metastasis (p = 0.032; Figs. 4 and 5).

Discussion

We investigated the imaging features of SC by using the LI-
RADS v2017 onMRI. Most SCs were classified as LR-M (24/
33, 72.7%). SCs classified as LR-4/5 were encountered in S-
HCC and S-cHCC-CC, but not in S-iCCA or u-SC. Thus, the
MRI findings of SC might have reflected its dominant carcino-
matous component. However, subgroup analysis could not be
performed because of the small sample size. The tumor size of
LR-4/5/5V SC was significantly smaller than that of LR-M/
MV, as noted in previous studies on iCCA [20–22], suggesting
SC may mimic HCC when they are small: All LR-4/5/5V SCs
(7/7) were deemed to show non-rim arterial enhancement and
washout enhancement patterns. Conventional capsule and mo-
saic appearance were also present in 57.1% (4/7) and 28.6%

(2/7) of LR-4/5/5V SCs, respectively. Therefore, the occasional
presence of these HCC features could hinder the differential
diagnosis of some SCs from typical HCCs.

In our study, most patients with SCs had underlying CLD,
similar to patients with HCCs (71.7% vs. 73.9%, p > 0.999).
Previous studies also showed that 47.8–70.1% of patients with
SC had cirrhosis or chronic hepatitis [2, 9]. Therefore, patients
with SC may be a target population of LI-RADS categoriza-
tion. In high-risk patients, 78.8% of SCs were classified as
LR-M/MV. Given this high sensitivity for LR-M/MV, the
LI-RADS would minimize the misdiagnosis of SC as HCC
or benign lesions, thereby avoiding improper treatment such
as liver transplantation or delayed management. For diagnos-
ing non-HCC malignancies in patients at risk of HCC, LR-M/
MV had a sensitivity, specificity, and accuracy of 81.8%,
85.3%, and 83.7%, respectively. The diagnostic performance
of the LI-RADS in our study was also comparable to those in
previous studies [23–25].

Our study also showed that SCs commonly present MRI
findings similar to iCCAs than toHCCs, including lobulated
shape, rim-like arterial-phase hyperenhancement, peripheral
washout, delayed central enhancement, and biliary dilata-
tion. Moreover, several imaging features characterizing

Fig. 4 A 1.3-cm sarcomatoid
hepatocellular carcinoma of LR-4
category in a 49-year-old woman.
Axial T1-weighted images
acquired during the arterial (a)
and portal venous (b) phases
show a hepatic nodule (arrows)
with homogeneous arterial
hyperenhancement and washout
appearance. c Axial hepatobiliary
phase image shows avid
hypointensity of the mass (arrow).
d Axial T2-weighted image
shows the tumor with moderate
hyperintensity (arrow)
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SCs [9–12] (e.g., large necrosis area, and frequent
intrahepatic and extrahepatic metastases) were not signifi-
cantly different betweenSCs and iCCAs.Although targetoid
appearance or capsular retraction was less common in SCs
than in iCCAs, differentiating SCs from iCCAs before histo-
logic confirmation seems difficult.

This study has several limitations. First, the retrospec-
tive design imposes an inevitable selection bias. In partic-
ular, the selection of patients with HCC or iCCA using
propensity score matching could not reflect actual disease
prevalence. However, we chose this method because the
incidence of SCs was much lower than that of HCCs or

Fig. 5 A 4.2-cm sarcomatoid
hepatocellular carcinoma of LR-
TIV category in a 47-year-old
man. Axial T1-weighted images
acquired during the arterial (a)
and portal venous (b) phases
show a subtle lobulated mass with
wash-in and washout
enhancement patterns. c Axial
hepatobiliary phase image shows
heterogeneous hypointensity of
the mass with mosaic appearance.
Therefore, this mass shows MR
findings that are consistent with
LR-5. d Portal phase image
shows diffuse tumor thrombosis
along the portal veins

Table 2 Diagnostic performance of the LI-RADS in high-risk patients

LR-5/5V LR-M/MV

Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy

All (n = 123) 82.4 (56/68) 85.5 (47/55) 83.7 (103/123) 81.8 (45/55) 85.3 (58/68) 83.7 (103/123)

SC (n = 33) NA* 84.8 (28/33) NA* 78.8 (26/33) NA† NA†

HCC (n = 68) 82.4 (56/68) NA† NA† NA* 85.3 (58/68) NA*

iCCA (n = 22) NA* 86.4 (19/22) NA* 86.4 (19/22) NA† NA†

In LR-5/5V, the sensitivity, specificity, and accuracy were calculated for the diagnosis of HCC. In LR-M/MV, those were calculated for the diagnosis of
non-HCC malignancy. LI-RADS, Liver Imaging Reporting and Data System; SC, sarcomatoid carcinoma; HCC, hepatocellular carcinoma; iCCA,
intrahepatic cholangiocarcinoma; NA, not applicable

*These values could not be calculated due to no disease-positive patients in each group
†These values could not be calculated due to no disease-negative patients in each group
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iCCAs. Second, the analyzed MRI features of each hepat-
ic malignancy might be biased, because we matched the
histologic confirmation method during the selection pro-
cess of HCC and iCCA. Biopsy-confirmed hepatic tumors
would be larger and more likely inoperable. Although the
mean sizes of SCs, HCCs, and iCCAs were approximately
5 cm without significant difference, they could not reflect
their actual size distribution. Nevertheless, comparing the
MRI findings of similar-sized SCs, HCCs, and iCCAs
could be beneficial. Third, as the study population was
recruited over a long study period, MRI hardware, con-
trast materials, and scanning parameters were inhomoge-
neous. However, we believe that the significant results in
our study could be assessable regardless of the examina-
tion protocol; hence, it can be generalized in different
studies. Fourth, a test bolus technique with gadoxetate
disodium used in some patients might affect the assess-
ment of Bwashout^ on portal venous phase. Finally, the
small number of patients with SC may limit subgroup
analyses. Moreover, the small number of patients with
SCs categorized as LR-4/5/5V compared with those cate-
gorized as LR-M/MV might lessen the power to detect
differences of clinical and MRI features between two
groups. However, to our knowledge, this is the largest
study on hepatic SCs evaluating the MRI findings.

Table 4 Sarcomatoid carcinomas: comparison between LR-M/MVand
LR-4/5/5V in high-risk patients

LR-M/MV
(n = 26)

LR-4/5/5 V
(n = 7)

p value

Clinical features
Age (years) 59.6 ± 8.5 50.9 ± 7.9 0.020
Sex 0.093
Male 23 (88.5) 4 (57.1)
Female 3 (11.5) 3 (42.9)
Histologic confirmation > 0.999
Operation 20 (76.9) 6 (85.7)
Biopsy 6 (23.1) 1 (14.3)
Subtype of SC 0.274
S-HCC 11 (42.3) 5 (71.4)
S-iCCA 7 (26.9) 0 (0)
S-cHCC-CC 5 (19.2) 2 (28.6)
u-SC 3 (11.5) 0 (0)

MRI features
Size (cm) 4.3 (1.3, 20.6) 1.9 (1.0, 4.2) 0.012
Shape 0.032
Round 3 (11.5) 4 (57.1)
Lobulated 15 (57.7) 2 (28.6)
Irregular/geographic 8 (30.8) 1 (14.3)
APHE < 0.001
No 1 (3.8) 0 (0)
Rim-like 23 (88.5) 0 (0)
Non-rim like 2 (7.7) 7 (100)
Washout < 0.001
No 19 (73.1) 0 (0)
Peripheral 3 (11.5) 0 (0)
Non-peripheral 4 (15.4) 7 (100)
Delayed central enhancement 0.301
No 20 (76.9) 7 (100)
Yes 6 (23.1) 0 (0)
Enhancing capsule 0.011
No 24 (92.3) 3 (42.9)
Yes 2 (7.7) 4 (57.1)
Nonenhancing capsule 0.384
No 25 (96.2) 6 (85.7)
Yes 1 (3.8) 1 (14.3)
T2WI >0.999
Hypo 0 (0) 0 (0)
Iso 2 (7.7) 0 (0)
Hyper 24 (92.3) 7 (100)
Bright T2WI >0.999
No 17 (65.4) 5 (71.4)
Small 9 (34.6) 2 (28.6)
Large 0 0
DWI restriction > 0.999
No 1 (4.2) 0 (0)
Yes 23 (95.8) 7 (100)
Target sign on DWI‡ 0.146
No 16 (66.7) 7 (100)
Yes 8 (33.3) 0 (0)
HBP SI > 0.999
Hypo 20 (100) 5 (100)
Iso 0 (0) 0 (0)
Hyper 0 (0) 0 (0)
Target sign on HBP‡ 0.289
No 14 (70.0) 5 (100)
Yes 6 (30.0) 0 (0)
Tumor in vein 0.523
No 24 (92.3) 6 (85.7)
Yes 2 (7.7) 1 (14.3)
Fat 0.555
No 22 (84.6) 7 (100)
Yes 4 (15.4) 0 (0)

Table 4 (continued)

LR-M/MV
(n = 26)

LR-4/5/5 V
(n = 7)

p value

Blood > 0.999
No 22 (84.6) 6 (85.7)
Yes 4 (15.4) 1 (14.3)
Mosaic appearance 0.040
No 26 (100) 5 (71.4)
Yes 0 (0) 2 (28.6)
Capsular retraction > 0.999
No 26 (100) 7 (100)
Yes 0 (0) 0 (0)
Biliary dilatation 0.555
No 22 (84.6) 7 (100)
Yes 4 (15.4) 0 (0)
Intrahepatic metastasis 0.032
No 14 (53.8) 7 (100)
Yes 12 (46.2) 0 (0)
Extrahepatic metastasis > 0.999
No 22 (84.6) 5 (71.4)
Yes 4 (15.4) 2 (28.6)

Data in parentheses are percentages except tumor size (median and range)

CLD, chronic liver disease; SC, sarcomatoid carcinoma; S-HCC,
sarcomatoid hepatocellular carcinoma; S-iCCA, sarcomatoid intrahepatic
cholangiocarcinoma; S-cHCC-CC, sarcomatoid combined hepatocellular
and cholangiocarcinoma; u-SC, undifferentiated sarcomatoid carcinoma;
MRI , magnetic resonance imaging; APHE , ar ter ia l -phase
hyperenhancement; WI, wash-in;WO, washout
‡Diffusion-weighted imaging (DWI) and hepatobiliary phase (HBP)
were unavailable in 2 and 8 patients, respectively
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In conclusion, our study showed that most SCs can be clas-
sified as LR-M on MRI by using the LI-RADS v2017, but
small lesions may be indistinguishable from HCCs. Our results
suggest that the use of LI-RADS can be helpful to lead to a
correct diagnosis of sarcomatoid carcinoma before treatment.
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