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A B S T R A C T

Objective: To retrospectively evaluate the value of MR features based on Liver Imaging Reporting and Data
System (LI-RADS ver.2017) for identifying the status of cytokeratin (CK) 19 expression of HCC before surgery.
Methods: A total of 201 patients with 207 HCCs who underwent MR imaging were reviewed retrospectively. MR
features based on LI-RADS ver.2017 as well as clinical data were compared between CK19-positive (n= 51) and
CK19-negative (n=156) HCCs groups. Potential predictive parameters were identified by univariate and
multivariate logistic regression analysis and diagnostic odds ratios (ORs) were recorded.
Results: MR features including targetoid appearance (p=0.001) was more frequently observed while non-
peripheral “washout” (p < 0.0001) and non-rim arterial phase hyper-enhancement (p < 0.0001) were found
less frequently in CK19-positive HCCs compared to CK19-negative HCCs. At multivariate analysis, serum al-
phafetoprotein (AFP)>20 ng/ml (OR=5.9) and targetoid appearance (OR=4.2) and non-peripheral
“washout” (OR=0.2) were significant independent predictors of CK19-positive HCCs.
Conclusion: Targetoid appearance and absence non-peripheral “washout” combined with elevated AFP were
useful for differentiating CK19-positive HCCs from CK19-negative HCC.

1. Introduction

Liver cancer is the second most frequent cause of cancer death
worldwide [1,2]. A total of 70%–90% primary liver cancers occurring
are hepatocellular carcinoma (HCC) in the world and recently HCC is
increasing in incidence in many countries [2,3]. Most often, HCC re-
presents a multistep process on a background of chronic hepatitis or
cirrhosis [4–6].

Cytokeratin 19 (CK19), a marker of progenitor cell, has currently
been identified as a marker for the biliary-type. It expresses in several
types of human cancers, including papillary thyroid carcinoma, breast
cancer, lung cancer, intrahepatic cholangiocarcinoma, and recently
HCC, but it is not expressed in normal hepatocytes [7–9]. In prior
studies, significant findings had elucidated that HCC with CK19 ex-
pression was related to the adverse clinicopathologic outcomes, such as

tumor aggressiveness, vascular invasion, tumor recurrence and poor
prognosis compared to HCC without CK19 expression [7,10,11] which
may be predominantly attributed to the different origins of hepatocytes.
In the clinical practice, CK19 protein expression is tested by im-
munohistochemistry after performing invasive procedures such as sur-
gical resection or biopsy. Therefore, it is necessary to develop a non-
invasive alternative approach to assess the expression of CK19 of HCC.

Cross-sectional imaging modality such as computed tomography
(CT) or magnetic resonance (MR) imaging is routinely performed as a
noninvasive tool for surveillance [12,13] and characterization of focal
liver lesions [14,15]. Furthermore, contrast-enhanced MR imaging is
currently regarded as one of the best techniques in the diagnosis of HCC
due to different MR sequences information it can provide [15]. Lesions
in patients at risk of HCC can be categorized based on LI-RADS v2017
using major features: nonrim arterial phase hyperenhancement (APHE),
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nonperipheral "washout", enhancing "capsule", threshold growth and
size. Additionally, targetoid appearance is a criterion for LR-M (prob-
ably or definitely malignant, not HCC specific). [14,15] Compared to
typical CK19-negative HCCs, CK19-positive HCC has more biologically
invasive characteristics which may have some imaging appearances
associated with high aggressiveness of tumor. Studies demonstrated
that some MR imaging features had potential value for indicating HCC
expressing CK19 [16–18], such as hypovascularity on arterial phase
[18] (related to worse histological grades [19]) or arterial phase irre-
gular rim enhancement [16] (potential biomarker for microvascular
invasion of HCC [20]), etc. We should explore the usefulness of MR
imaging features for recognizing the CK19 expressions in HCC lesions.
Therefore, the purpose of this study aimed to determine whether major
and LR-M MR features based on LI-RADS ver.2017 of HCC can aid in
assessing the status of CK19 expression of HCC before surgery.

2. Materials and methods

2.1. Study patients

The protocol for this retrospective study was approved by the
Institutional Review Board of XXX with waiver of informed consent. A
total of 216 consecutive HCC patients were first identified from April
2015 to February 2016 in our hospital. Eligible patients were included
according to the following criteria: (1) performing preoperative con-
trast enhancement MR imaging; (2) pathologically proven HCC after
hepatectomy or liver transplantation, and (3) availability of im-
munohistochemical marker of CK19 from pathology. Patients were
excluded if (1) patients underwent curative therapy (transplantation,
resection, ablation, embolization or others) prior to MR imaging
(n=5);(2) patients had history of other malignant tumors(n= 2);(3)
important clinical data[such as alphafetoprotein (AFP), carbohydrate
antigen-199(CA-199),carcino embryonie antigen(CEA),total bilirubin
level (TB), albumin, platelet etc.)]. cannot be available (n=8).Finally,

201 HCC patients with 207 lesions were enrolled for analysis on the
basis of CK19 marker (Fig. 1).Patient characteristics including radi-
ological, clinical and pathologic data were evaluated by univariate and
multivariate Analysis.

2.2. Imaging acquisition

All MRI abdominal examinations were performed on 1.5 or 3.0 T
clinical scanner (Magnetom Avanto/Verio; Siemens Healthcare,
Erlangen, Germany)using a body phased-array coil and a spine array
coil. The standard imaging protocol consisted of T2-weighted, T1-
weighted (in-phase and out-of-phase), diffusion-weighted (b=0,
500 s/mm2), and 3D gradient echo sequence with volumetric inter-
polated breath-hold examination (VIBE) (GRAPPA (R=2)) was per-
formed before and after injection of contrast media. The gadopentetate
dimeglumine (Magnevist; Bayer Healthcare, Germany, 0.1 mmol/kg)
was injected at a rate of 2ml/s followed by a maximum dose of 20-mL
saline flush. Hepatic arterial, portal, and equilibrium phase images
were obtained respectively at 20–30 s, 60–90 s, and 180 s after contrast
medium injection. The MR scan parameters refer to Table 1.

2.3. Imaging analysis

All the MR images were reviewed using a picture archiving and
communication system (PACS; Pathspeed, GE Medical Systems
Integrated Imaging Solutions, Prospect, IL, USA).Two abdominal radi-
ologists (XXX and XXX with 16 years and 3 years of experience, re-
spectively) who were blinded to the pathological results assessed the MR
features by consensus.At first, both of the observers were provided a
detailed same instruction before the evaluation of this study based on the
LI-RADS ver.201715, which demonstrated a standardized explanation of
terminology and criteria for interpretation and reporting of liver ob-
servations. And then for training purposes, the two observers were pro-
vided 15 patients MR images in a format identical to the study patient

Fig. 1. Flowchart shows inclusion and exclusion criteria.
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images so as to practice before evaluation of the study. Besides that, the
practice patients were not included in our patients study. The readers
were also told that the patients had HCC tumors without any other
knowledge of illness history, laboratory examination and pathological
findings. The above-mentioned measures were taken to minimize the
effects, achieve optimal results and avoid the training bias in our study.

We evaluated the morphological features based on the LI-RADS
ver.2017 diagnostic algorithm, which included major imaging features
and LR-M criteria as follows: non-rim APHE, non-peripheral washout,
enhancing “capsule”, targetoid appearance on DWI or contrast-en-
hanced images(rim APHE, peripheral "washout", delayed central en-
hancement), as well as other imaging features including mild-moderate
T2 hyperintensity, restricted diffusion, corona enhancement, as well as
tumor margin, tumor morphologic features (including round or oval,
round or oval with focal protrusions, lobulated and irregularlesions
which are unable to be classified).

2.4. Histological diagnosis

Surgically resected HCC specimens were 10% formalin solution
fixed and paraffin embedded in all patients. Immunohistochemical
staining was carried out for CK19. The monoclonal antibodies against
CK19 (1:200 dilution, BA17, GeneTax, San Antonio, TX, USA) were
utilized. Immunoreactivity was evaluated as a positive per cent area for
CK19 marker. In addition, the pathologist who was blind to patient’s
imaging features determined the percentage of positive cells. CK19
positivity was defined as membranous and/or cytoplasmic expression in
≥5% of tumor cells with moderate or strong intensity. In our study, we
classified HCC into “CK19-positive group (CK19 marker≥5%)” and
“CK19-negative group (CK19 < 5%).

2.5. Statistical analysis

Continuous variables were compared using the Student’s t-test or
Mann-Whitney U test, where appropriate. Categorical variables were
compared using Pearson’s chi-squared test or Fisher’s exact test. First,
univariable logistic regression analysis was performed to identify which
of the patients’ history, laboratory, final pathological results and pa-
tients’ MR imaging data could be helpful to discriminate between CK19
positive /negative group as the dependent outcome. Subsequently,
variables with P < 0.05 in univariate analysis were entered into

multiple logistic regression analysis to identify significant independent
risk factors with the odds ratio (OR) as well as 95% confidence interval
(CI). Backward was performed:all variables were chosen to enter the
multivariate analyses at once, then the variable which had the max-
imum value of P-value was eliminated each time until all variables are
significant.Values of P < 0.05 by the two-tailed test were considered
statistically significant. All date analyses were performed using IBM
SPSS software (ver 20.0. SPSS, Chicago, IL).

3. Results

3.1. Patient sample

The HCC with CK19 positive group was comprised of 51 patients (39
men,12 women; median age, 54 years; range, 30–75 years) and CK19
negative HCC group was consisted of 150 patients (131 men,19 women;
median age,57.5 years; range, 25–79 years). And the p values com-
paring sex and age distributions between the groups was 0.064 and
0.05,respectively. The serumAFP level was significantly higher in the
CK19 positive group(mean ± standard deviation= 5121.8 ± 9838.1)
than in the CK19 negative group(mean ± standard deviation=
2315.8 ± 8185.8) (p < 0.0001). The median and interquartile ranges
in CK19 positive group(median=291.45, interquartile ranges=
3001.55)were respectively higher than in CK19 negative group
(median= 22.5, interquartile ranges= 221.15)(p＜0.001).AFP levels
higher than 20 ng/ml were observed in 43/51(84.3%) HCC lesions in
CK19 positive group and 80/156(51.3%) in CK19 negative group
(p < 0.0001), respectively. The CA -199 level was higher than 37U/ml
in 17.4% of HCC lesions (36/207) and CEA levels was higher than 5 ng/
ml in 11.1% of HCC lesions (23/207). Age, sex, maximum diameter of
tumor, CA-199,CEA, TB,platelet count, albumin, disease origin (hepa-
titis B/C or no), portal vein thrombosis and microvascular invasion
(MVI) did not show significant difference between the CK19 positive
HCCs group and CK19 negative HCCs group. The main patients char-
acteristics are shown in Table 2.

3.2. MRI findings

3.2.1. MR signal characteristics
Upon dynamic enhancement pattern, non-rim APHE was more

common in CK19 negative HCCs group(118/156, 75.6%) than it wasin

Table 2
Patients baseline Characteristics.

Variable All K-19 P-value

Positive Negative

No. Of patients 201 51(25.4%) 150(74.6%)
No. Of lesions 207 51(24.6%) 156(75.4%)
Sex(Male/female) 170(84.6%)/31(15.4%) 39(76.5%)/12(23.5%) 131(87.3%)/19(12.7%) 0.064
Age(years) 55.9 ± 11.1 55.1 ± 11.9 56.2 ± 10.8 0.55
Maximum diameter of tumor (mm) 53.4 ± 87.7 54.3 ± 35.6 53.1 ± 34.0 0.838
AFP>20 ng/ml

(Yes/no),
123(59.4%)/84(40.6%) 43(84.3%)/8(15.7%) 80(51.3%)/76(48.7%) <0.0001

CA-199 > 37U/ml
(Yes/no),

36(17.4%)/171(82.6%) 12(23.5%)/39(76.5%) 24(15.45)/132(84.6%) 0.183

CEA>5 ng/ml
(Yes/no),

23(11.1%)/184(88.9%) 8(15.7%)/43(84.3%) 15(9.6%)/141(90.4%) 0.231

TB(μmol/L), 14.7 ± 13.9 13.6 ± 8.0 15.1 ± 15.4 0.501
Albumin (g/L), 41.0 ± 6.4 40.0 ± 9.3 41.3 ± 5.2 0.212
Platelet (1× 109/L), 168.2 ± 72.7 169.0 ± 84.3 168.0 ± 68.8 0.588
HBV/HCV/No*, 164(79.2%)/9(4.3%)/34(16.5%) 37(72.5%)/5(9.8%)/9(17.7%) 127(81.4%)/4(2.6%)/25(16%) 0.079
portal vein thrombosis (Yes/no) 15(7.2%)/192(92.8%) 3(5.9%)/48(94.1%) 12(7.7%)/144(92.3%) 0.903
MVI(Yes/no) 89(43.%)/118(57%) 26(51%)/25(49%) 63(40.4%)/93(59.6%) 0.186

Note: AFP, alphafetoprotein; CA-199, carbohydrate antigen19-9; CEA, carcino embryonie antigen; TB, total bilirubin; HBV, hepatitis B varus; HCV, hepatitis C varus;
MVI, microvascular invasion.
No*stands for no HBV and HCV infection.
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CK19 positive HCCs group(22/51, 43.1%) (p < 0.0001). There were
no lesions without APHE in CK19 positive HCCs group and CK19 ne-
gative HCCs group. It is obvious that about 57%(29/51) of CK19 po-
sitive HCCs and 24% (38/156) of CK19 negative HCCs had rim APHE.
And non-peripheral washout was more observed in CK19 negative
HCCs group(109/156, 69.9%) than it was in CK19 positive HCCs group
(16/51,31.4%) (p < 0.0001), while enhancing capsule showed no
significant difference between the two groups (p= 0.06). There were
no lesions without nonperipheral washout in CK19 positive HCCs group
and CK19 negative HCCs group. It is obvious that about 69%(35/51) of
CK19 positive HCCs and 30% (47/156) of CK19 negative HCCs had
nonperipheral washout.There was not any statistical difference with
regard to signal intense (SI) on T1-weighted, T2-weighted and DWI
images when comparing CK19 positive HCCs group to CK19 negative
HCCs group (Table 3).

3.2.2. MR morphological characteristics
Significantly statistical difference could be found regarding to tar-

getoid appearance between CK19 positive and negative HCCs groups

(p= 0.001). Targetoid appearance was presented in 11 of 51 HCCs
(21.6%) in the CK19 positive HCCs group and in 9 of 156 patients
(5.8%) in CK19 negative HCCs group, respectively. In regard to gross
morphology on MR imaging, there was a statistical difference between
CK19 positive and negative groups (p=0.003) and the majority of
HCCs were round or oval. Round or oval HCC lesions was presented in
28 of 51 HCCs (54.9%) in the CK19 positive HCCs group and in 115 of
156 patients (73.7%) in CK19 negative HCCs group, respectively
(p= 0.004). (Table 3, Figs. 2 and 3).

3.2.3. Uni/multivariate analyses for risk factors of CK19 positive/negative
HCCs groups

To extract the factors associated with CK19 positive HCCs, we
performed further analyses by univariate, as well as multivariate ana-
lyses. AFP>20 ng/ml (OR=5.1, p < 0.0001), rim APHE (OR=4.1,
p < 0.0001)and targetoid appearance (OR=4.5, p= 0.008)were
significant risk factors for CK19 positive HCCs by univariate analysis.
Compared to CK19 positive HCCs group, nonperipheral “washout”
(OR=0.2, p < 0.0001)was more common in CK19 negative group. On

Table 3
MR Features of HCC.

Variable K-19(+) K-19(-) P-value

Signal on T2-weighted images 0.588
①hyperintense 49(96.1%) 146(93.6%)
②isointense 0(0%) 5(3.2%)
③hypointense 2(3.9%) 5(3.2%)
Signal on T1-weighted images 0.474
①hyperintense 0(0%) 5(3.2%)
②isointense 0(0%) 2(1.3%)
③hypointense 51(100%) 149(95.5%)
Signal on DWI images 0.503
①hyperintense 50(98.0%) 145(92.9%)
②isointense 1(2.0%) 6(3.8%)
③hypointense 0(0%) 5(3.3%)
nonrim APHE (yes/no) 22(43.1%)/29(56.9%) 118(75.6%)/38(24.4%) <0.0001
nonperipheral “washout” (yes /no) 16(31.4%)/35(68.6%) 109(69.9%)/47(30.1%) <0.0001
Hemorrhage(Yes/no) 13(25.5%)/38(74.5%) 44(28.2%)/112(71.8%) 0.706
Fat content(Yes/no) 12(23.5%)/39(76.5%) 32(20.5%)/124(79.5%) 0.648
enhancing “capsule”(Yes/no) 49(96.1%)/2(3.9%) 156(100%)/0(0%) 0.06
Corona enhancement(Yes/no) 2(3.9%)/49(96.1%) 2(1.3%)/154(98.7%) 0.547
Cholangiectasis (Yes/no) 2(3.9%)/49(96.1%) 3(1.9%)/153(98.1%) 0.778
Targetoid appearance (Yes/no) 11(21.6%)/40(78.4%) 9(5.8%)/147(94.2%) 0.001
Liver surface invasion(Yes/no) 21(41.2%)/30(58.8%) 42(26.9%)/114(73.1%) 0.055
Tumor margin(smooth/no) 32(62.7%)/16(37.3%) 116(74.4%)/40(25.6%) 0.296
MR gross morphology 0.003
①round or oval 28(54.9%) 115(73.7%)
②round or oval with focal protrusiongs 8(15.7%) 16(10.3%)
③lobulated 12(23.5%) 10(6.4%)
④irregular with clear margin or blurred with fuzzy edge 3(5.9%) 15(9.6%)

Note: MR,magnetic resonance; HCC,hepatocellular carcinoma; DWI,diffusion weighted imaging; APHE: arterial phase hyperenhancement；Cholangiectasis pre-
sented that intrahepatic bile duct diameter is greater than 4mm；Liver surface invasion presented that when the lesion is adjacent to the surface of the liver, the liver
capsule is invaded.

Fig. 2. Surgically confirmed hepatocellular carci-
noma with CK19-positive in a 68-year-old man. The
tumor showed hypointense on precontrast T1-
weighted imaging (2a),moderate hyperintense on
T2-weighted imaging (2b), progressive enhance-
ment (2c-e), targetoid appearance (rim arterial
phase enhancement (2c) and target-like on diffu-
sion-weighted imaging at b=500 s/mm2 (2f)) and
enhancing “capsule” on delay phase (2e). CK19 was
positive on immunohistological examination
(X200) (2 g).
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multivariate analyses associated with CK19 positive HCCs group,
AFP> 20 ng/ml (OR: 5.9, CI: 2.4–14.3, p < 0.0001) and targetoid
appearance including targetoid dynamic enhancement(rim
APHE,peripheral“washout”, delayed central enhancement) and targe-
toid appearance on DWI.(OR: 4.2, CI:1.5–12.2, p= 0.022) were ex-
tracted as independent risk factors associated with CK19 positive HCCs
group. (Table 4, Figs. 2,3).

4. Disscussion

Our study results demonstrated that absence of washout, targetoid
appearance on DWI or contrast-enhanced images as well as elevated
serum AFP were significant risk predictors for CK19-positive HCC, in-
dicating that HCCs with CK19 expression do not meet classic diagnostic
criteria for HCC but conform to imaging feature for LR-M lesions based
on LI-RADS ver. 2017.

Previous studies had demonstrated that atypical MRI enhancement
pattern often presented progressive or stable pattern of enhancement
with respect to intrahepatic cholangiocarcinoma (ICC) [21,22]. However,

Huang B et al [23] reported that 14.2% (87/612) small (≤ 3 cm) HCC
showed progressive(3.9%) or displayed stable(10.3%) contrast enhance-
ment at dynamic MR imaging, so they concluded that absence of contrast
medium “washout” could be the enhancement pattern of small HCC. We
identified that absence of “washout” was more common in CK19-positive
HCCs group compared to CK19-negative group. CK19, a progenitor cell
marker, was deemed to reflect HCC with biliary differentiation which can
cause desmoplastic stroma within tumor [24]. And this biliary differ-
entiation component may contribute to prolonged retention of contrast
medium retention by abundant fibrosis of CK19-positive HCCs group.
Meanwhile, HCC with biliary differentiation may result in the inter-
mediate morphologic characteristics between HCC and ICC.

In the present study, targetoid appearance (rim APHE, peripheral
“washout”, delay central enhancement on dynamic contrast-enhanced
MR imaging as well as a target sign on DWI) was verified as a valuable
factor for predicting CK19-positive HCC. In previous study, rim APHE
and/or target sign on the DWI were identified as significant and in-
dependent variable predictors of small ICC [25,26]. This is considered
to be related to the pathological features of ICC with peripheral hyper-

Fig. 3. Surgically confirmed hepatocellular carcinoma with CK19-negative in a
41-year-old woman. The tumor showed hypointense on precontrast T1-
weighted imaging (3a),moderate hyperintense on T2-weighted imaging (3b),
arterial phase hyper-enhancement with “washout” on portal venous phase and
delay phase (3c-e), globally hyperintense on diffusion-weighted imaging at
b=500 s/mm2 (3f)) and enhancing “capsule” on delay phase (3e). CK19 was
negative on immunohistological examination(X200) (3 g).

Table 4
Univariate and Multivariate Analysis of risk factors for K19 positive hepatocellular carcinoma.

Variates odds ratio (95% confidence interval)

Univariate Analysis P-Value Multivariate Analysis P-Value

Sex 2.2(1.0,5.0) 0.064
Age 1.0(0.96,1.02) 0.55
Maximum diameter 1.0 (0.99,1.01) 0.837
AFP>20 ng/ml 5.1(2.3,11.6) <0.0001 5.9(2.4, 14.3) <0.0001
CEA>5 ng/ml 2.2(0.8,5.8) 0.105
CA-199 > 37U/ml 1.7(0.8,3.8) 0.205
TB 1.0(0.96,1.02) 0.507
Albumin 0.972(0.928,1.017) 0.220
Platelet 1.001(0.997,1.006) 0.587
HBV/HCV/ No* 1.2(0.6, 2.5) 0.639
Portal vein embolization 0.8(0.2,2.8) 0.666
MVI 1.5 (0.8,2. 9) 0.186
Signal on T2WI 0.9(0.4,2.1) 0.778
Signal on T1WI 68427202(0,∞) 0.999
Signal on DWI images 0.3(0.1,1.8) 0.197
rim APHE 4.1(2.1,8.0) <0.0001
Nonperipheral washout 0.2(0.1,0.4) <0.0001 0.2(0.1, 0.4) <0.0001
Hemorrhage 0.9(0.4,1. 8) 0.706
Fat content 1. 2(0. 6,2.5) 0.648
Capsule-like enhancement 1.4(1.0,1.9) 0.051
Corona enhancement 3.1(0.4,22.9) 0.258
Cholangiectasisc 2.1(0.3,12.8) 0.429
Targetoid appearance 4.5(1.7,11.6) 0.008 4.2 (1. 5, 12.2) 0.022
Liver surface invasion 1.9(1.0,3.7) 0.057
Tumor margin 0.7(0.3,1.4) 0.298
MR gross morphology 1.3(1.0,1. 8) 0.077

Note: AFP,alphafetoprotein;CA-199,carbohydrate antigen19-9;CEA,carcino embryonie antigen; TB, total bilirubin; HBV, hepatitis B varus; HCV, hepatitis C varus;
MVI, microvascular invasion; DWI,diffusion weighted imaging; APHE: arterial phase hyperenhancement; MR,magnetic resonance.
No*stands for no HBV and HCV infection.
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cellularity and central stromal fibrosis. HCC with biliary differentiation
may be partly similar pathological characteristics of ICC. Furthermore,
fibrous stroma formation is more frequent in CK19-positive HCC in
comparison with conventional HCC [11].

In our study, we found that non-rim APHE could be regarded as a
differential factor between CK19-positive and negative HCCs only in
univariate analysis. Upon the hyper-enhancement of arterial phase, it is
a pivotal criterion in the characterization of HCC based on LI-RADS
[27]. Tumor growth is dependent on blood supply, which can be re-
flected by the degree of enhancement of tumor on dynamic contrast-
enhanced MRI. In univariate analysis study, CK19-positive HCCs
showed weaker enhancement on arterial phase than CK19-negative
HCCs. The results were consistent with the findings from a previous
study by Chung GE et al [18], which showed that CK19 was more
frequently expressed in hypo-vascular HCC than in hyper-vascular tu-
mors. We failed to demonstrate a significant benefit for enhancing
“capsule” for differentiating CK19-positive from CK19-negative HCC.
The reasons may be due to selection bias for relatively small size of a
retrospective study. Moreover, CK19-positive HCC may partially keep
inherent characteristics of conventional HCC.

AFP>20 ng/ml was identified as an another independent risk
factor associated with CK19 positive HCCs. AFP was one of the first
protein tumor markers discovered [28]. And in patients with HCC,
raised serum AFP plasma levels are positively associated with the status
of poor cellular differentiation, microvascular invasion and tumor re-
currence [29,30]. This is in keeping with the high aggressive of biologic
behavior for CK19-positive HCC.

There are several limitations to our study. Firstly, selection bias
could not be avoided due to the study performed retrospectively. In
addition, there was inconformity among MR examinations which was
conducted by using three different MR systems with different imaging
parameters. Secondly, in our study we only focused on the analyses of
MR morphological features based on LI-RADS ver.2017 routinely used
in the clinical practice, and did not analyze quantitative measurements
such as apparent diffusion coefficient value of DWI, which is subject to
measure errors caused by technical variations among different MR
scanners. Thirdly, targetoid sign was evaluated on DWI or dynamic
enhanced MR imaging with an extracellular contrast agent. In our de-
partment, gadoxetic acid-enhanced MR imaging is not routinely used
for abdominal MR imaging because of medical insurance, so we could
not assess targetoid sign on transitional phase and hepatobiliary phase
described in the LI-RADS ver.2017. Fourthly, non-HCC malignancies
were not included in our study. Therefore, our study demonstrated
which features are more commonly associated with CK19 positive HCC,
but could not demonstrate that these factors can actually predict CK19
positive HCC in clinical practice, where the majority of lesions with
targetoid appearance are ICC and combined HCC-CCA.

5. Clinical impact and conclusions

CK19 is a well-known marker for invasiveness of HCC and may be a
novel therapeutic target for treatment of HCC [31–33]. Surgery or biopsy
is invasive for the assessment of CK19 status in HCC patients. MRI in-
cluding contrast-enhancement and DWI is a promising noninvasive al-
ternative method that can be easily acquired in clinical practice. Our
results suggested that MR features using LI-RADS ver.2017 especially LR-
M criteria hold promise to identify CK19-positive from CK19-negative
HCCs. Our study demonstrated that the targetoid features are more
common in CK19-positive HCC, but as the study population did not in-
clude nonHCC malignancies, the conclusion cannot state that targetoid
features are predictive of CK19-positive HCC. The current results should
be further validated by prospective study with a large patient cohort.
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