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Abstract
Background
The peritumoral hypointense rim (PTHR) is sometimes observed around hepatocellular carcinoma (HCC)
on T2*-weighted images (T2*WIs). We aimed to investigate the association between the PTHR and
histopathologic findings on T2*WIs.
Methods
We assessed the presence of a PTHR on T2*WIs in 39 pathologically proven HCCs from April 2012 to
December 2013. Prussian blue staining was performed, and iron deposition was evaluated by
semiquantitative and quantitative methods. Optical density was used in the quantitative methods. The
associations between a PTHR on T2*WI and histopathologic peritumoral or background liver iron
deposition were analyzed.
Results
A PTHR on T2*WI was observed in 23 of 39 (59%) HCCs. There was no significant difference in the
histopathologic fibrous capsule findings (P = 0.394). In the semiquantitative methods, both peritumoral
and background liver iron deposition grade were significantly higher in HCCs with a PTHR compared with
HCCs without a PTHR (P < 0.001). The mean optical density in HCCs with a PTHR was significantly
higher compared with HCCs without a PTHR, in the quantitative peritumoral (42244.1 ± 20854.9 vs
18739.1 ± 12258.7, respectively; P < 0.001) and background liver iron deposition analyses (35554.7 ±
19854.8 vs 17292.4 ± 11605.8, respectively; P < 0.001). Tumor size (P = 0.005), etiology (P = 0.001), and
degree of fibrosis (P = 0.042) were significantly associated with the presence of a PTHR.
Conclusion
A PTHR in HCCs on T2*WIs was strongly associated with peritumoral iron deposition in the irondeposited background liver but not with the fibrous capsule.

Background
Magnetic resonance (MR) imaging is a useful modality for diagnosing hepatocellular carcinoma (HCC).
In particular, dynamic contrast-enhanced (DCE) MR imaging is a very useful technique for detecting the
characteristic findings of HCC, such as arterial phase enhancement, washout appearance, and enhancing
capsule appearance [1-3]. However, the administration of gadolinium contrast agent to patients with renal
failure and previous hypersensitivity reactions is contraindicated [4, 5].
A fibrous capsule is a characteristic histopathologic feature of HCC. In MR imaging, the fibrous capsule
appears as a hypointense band around the tumor that can be detected in nonenhanced T1-weighted
images (T1WIs) and T2-weighted images (T2WIs) without a contrast agent [2, 6]. This feature was
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adopted as an ancillary feature favoring HCC in the Liver Imaging Reporting and Data System (LI-RADS),
which is a comprehensive system for standardizing liver imaging diagnosis [7].
Chen et al. reported that a peritumoral hypointense rim (PTHR) in HCC on T2*WIs or susceptibilityweighted images (SWIs) was superior to T1WIs and T2WIs for assessing capsule appearance [8].
Therefore, PTHR may be a useful feature for diagnosing HCC without administering a contrast agent.
However, the report did not show an association with a histopathologic fibrous capsule, and the report’s
findings have not been analyzed in detail.
T2*-weighted images (T2*WIs) are sensitive to magnetic susceptibility and magnetic body components,
such as iron deposits and microbleeds in tissues. These features are clearly shown as hypointense areas.
Therefore, we presume that a PTHR reflects peritumoral iron deposition.
Some degree of iron overload is commonly present in patients with chronic liver disease (CLD), such as
alcoholic liver disease, nonalcoholic steatohepatitis, and hepatitis C [9]. T2*WIs are useful to identify HCC
in CLD, and identifying HCC on T2*WIs is associated with differences in iron deposition in the HCC and
liver parenchyma [10, 11]. Therefore, higher iron deposition levels in the background liver make it easier to
identify HCC. A PTHR may also be influenced by iron deposition in the background liver.
Theoretically, iron deposition is involved in the presence of a PTHR; however, to the best of our
knowledge, the association between a PTHR and the presence of histopathologic peritumoral iron
deposition or iron deposition in the background liver has not been reported. Therefore, we aimed to
investigate the PTHRs around HCCs on T2*WIs and the related histopathologic findings. We were
especially interested in studying the association of PTHRs with peritumoral iron deposition or iron
deposition in the background liver.

Methods
Patients
Our institutional review board approved this retrospective study and waived the requirement for written
informed consent.
This study included consecutive patients who underwent hepatectomy for HCC after MR imaging from
April 2012 through December 2013. The flowchart of the patient selection process is shown in Figure 1.
Choi et al. reported that HCCs smaller than 1.5 cm in size less frequently showed typical features on MR
imaging than larger HCCs, and T2 hyperintensity, in particular, was not observed in small HCCs [12].
Therefore, we excluded HCCs < 1.5 cm. Large HCCs (> 10 cm) were excluded because the margin of these
tumors often abutted the subcapsular region, making it difficult to analyze the peritumoral liver
parenchyma.
During the study period, we evaluated 61 consecutive patients. Ultimately, 39 HCCs in 37 patients (25
males, 12 females; mean age, 69.3 ± 6.64 years) were selected. Tumor size was 1.5–4.8 cm (mean HCC
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size and standard deviation was 24.8 ± 8.40 mm). Twenty patients were infected with hepatitis C virus
(HCV) (5 patients with hepatitis B virus (HBV)), and 12 patients did not have hepatitis B or C virus
(alcoholic liver disease, eight patients; nonalcoholic steatohepatitis, three patients; unknown etiology, one
patient). The grading of liver dysfunction was evaluated using the Child–Pugh classification; all patients
had class A liver function. The interval between the date of MR imaging and hepatectomy ranged from 3
d to 58 d (median, 23 d).
MR imaging techniques
All MR images were obtained with a Magnetom Trio 3T MR system (Siemens Healthcare, Erlangen,
Germany) using a six-channel body array coil and a six-channel spine matrix coil.
T2*WIs were obtained as part of the routine liver protocol in our institution. The sequence and scan
parameters of the T2*WIs are shown in Table 1. We also obtained T1W1s (in-phase and opposed-phase),
fat-suppressed T2WIs, diffusion-weighted images, and DCE-MR images routinely, and diagnosed the
target nodule as HCC.
Image analysis
We defined a PTHR as follows: low intense rim or band encompassing more than one-third of the tumor
circumference on T2*WIs (Fig. 2). The purpose of this study was to compare T2*WIs and histopathologic
features, but we reviewed T2*WIs compared with fat-suppressed T2-WIs because target nodules were
sometimes difficult to detect (Fig. 3) and to distinguish the nodules from other lesions such as cysts on
T2*WI alone [11]. Two readers (Y.T. with 11 years and Y.O. with 6 years of experience in abdominal
imaging) confirmed the target nodule on T2WIs and then assessed the presence or absence of a PTHR on
T2*WIs. Both readers were blinded to patients’ clinical information and histopathologic features, except
for the diagnosis of HCC. Disagreement between the two readers was resolved by discussion and
reaching consensus. All images were reviewed with EV Insite software (PSP Corp., Tokyo, Japan). The
frequency of a PTHR was calculated after the assessment.
Histopathologic analysis
Slides of formalin-fixed, paraffin-embedded sections from resected liver specimens were stained with
Prussian blue stain. Semiquantitative analysis was performed by one pathologist (T.U. with 20 years of
experience in liver pathology), who was blinded to patients’ clinical information and imaging results,
except for the diagnosis of HCC. One representative specimen per nodule containing the boundary
between the tumor and the background liver parenchyma was analyzed while considering the MR
findings because it was difficult to analyze the entire tumor circumference in large tumors. Iron deposition
in the peritumoral liver parenchyma or background liver parenchyma (not adjacent to the tumor) was
graded by the pathologist. The grade of iron deposition was as follows: grade 0, iron granules were
absent or barely discernible in a high-power field (×400 magnification); grade 1, granules were easily
confirmed at ×400 magnification or barely discernible at ×250 magnification; grade 2, granules were
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resolved at ×100 magnification; grade 3, granules were resolved at ×25 magnification; grade 4, masses
were visible at low power (×10 magnification) or with the naked eye [13, 14].
Multispectral imaging can produce more accurate images than red, green, and blue (RGB) imaging
because the wavelength range including visible light can be divided into a large number of channels.
Therefore, we measured optical density using the Vectra 3 multispectral imaging system (PerkinElmer,
Inc., Waltham, MA, USA). This quantitative analysis of iron deposition was performed on the same slide
used in the semiquantitative analysis. Scan images of the whole specimen with Prussian blue staining
were digitalized by the multispectral imaging system according to a previously published protocol [15].
Each of five individual fields (669 × 500 μm each) of peritumoral liver parenchyma or outer liver
parenchyma for multispectral acquisition were selected randomly using Phenochart image viewer
software, version. 1.0.4 (PerkinElmer, Inc.) to scan at high-power resolution (×200 magnification) (Fig. 4).
High-power multispectral acquisitions were analyzed using inForm image analysis software, version. 2.1
(PerkinElmer, Inc.) to extract the optical density of the Prussian blue staining. The mean optical density of
five regions of peritumoral liver parenchyma or outer liver parenchyma was used for analysis.
Subsequently, we reviewed the pathology reports and investigated tumor grade, presence of a fibrous
capsule, and degree of liver fibrosis. The degree of liver fibrosis in the background liver was graded
according to the new Inuyama criteria as follows: no fibrosis (F0), portal fibrosis widening (F1), portal
fibrosis widening with bridging fibrosis (F2), bridging fibrosis and lobular distortion (F3), or cirrhosis (F4)
[16].
Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA) and Bell Curve for Excel (Social Survey Research Information Co. Ltd., Tokyo, Japan).
Inter-reader agreement for the presence or absence of a PTHR on T2*WIs was assessed by calculating
the kappa statistic [17]. A kappa value of ≤ 0.20 indicated poor agreement, 0.21–0.40 indicated fair
agreement, 0.41–0.60 indicated moderate agreement, 0.61–0.80 indicated good agreement, and 0.81–
1.00 indicated excellent agreement. The correlation between the semiquantitative and quantitative
methods (peritumoral iron deposition and iron deposition in the background liver parenchyma,
respectively) were analyzed using Spearman’s rank correlation coefficient. The association between
PTHR and continuous variables in the potential contributing factors, such as peritumoral iron deposition
(quantitative analysis), age, iron deposition in the background liver parenchyma (quantitative analysis),
size, etiology, degree of fibrosis, and tumor grade, was analyzed using the Mann–Whitney U-test. The
association between the PTHR and binary variables in the potential contributing factors, such as sex and
a histopathologic fibrous capsule, was analyzed using the χ2 test. P < 0.05 was considered to indicate a
statistically significant difference.

Results
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Frequency of a PTHR on T2*WIs
On T2*WIs, a PTHR was observed in 23 of 39 HCCs (59%). The assessment of PTHR on T2*WIs differed
between the two readers for 9 HCCs. With visual evaluation, the kappa value of the PTHR on T2*WIs was
0.5363, indicating moderate inter-reader agreement.
Correlation between a PTHR and the histopathologic findings
A histopathologic fibrous capsule was observed in 25 of 39 HCCs. In the PTHR-positive group, 16 (64%)
HCCs had a histopathologic fibrous capsule. In the PTHR-negative group, 9 (36%) HCCs had a
histopathologic fibrous capsule. There was no significant difference in the histopathologic fibrous
capsule between the PTHR-positive and -negative groups (P = 0.394).
In the semiquantitative histopathologic peritumoral iron deposition assessment, the 23 HCCs with a
PTHR were classified as follows: grade 0 (n = 1); grade 1 (n = 2); grade 2 (n = 4); grade 3 (n = 6); or grade
4 (n = 10). In contrast, 16 HCCs without a PTHR were classified as follows: grade 0 (n = 12); grade 1 (n =
1); grade 2 (n = 1); grade 3 (n = 1); or grade 4 (n = 1). In the semiquantitative analysis, peritumoral iron
deposition was significantly increased in HCCs with a PTHR compared with HCCs without a PTHR (P <
0.001). When evaluating the semiquantitative histopathologic iron deposition in the background liver, the
23 HCCs with a PTHR were classified as follows: grade 0 (n = 5); grade 1 (n = 2); grade 2 (n = 4); grade 3
(n = 9); or grade 4 (n = 3). The 16 HCCs without a PTHR were classified as follows: grade 0 (n = 14); grade
1 (n = 0); grade 2 (n = 1); grade 3 (n = 1); or grade 4 (n = 0). In the semiquantitative analysis, peritumoral
iron deposition was significantly increased in HCCs with a PTHR compared with HCCs without a PTHR
(Fig. 5 and Fig. 6) (P < 0.001).
For the quantitative histopathologic peritumoral iron deposition, the mean optical density of HCCs with a
PTHR was 42244.1 ± 20854.9, and that of HCCs without a PTHR was 18739.1 ± 12258.7. In the
quantitative analysis of the histopathologic iron deposition in the background liver, the mean optical
density of HCCs with a PTHR was 35554.7 ± 19854.8, and that of HCCs without a PTHR was 17292.4 ±
11605.8. In the quantitative methods, both peritumoral iron deposition and iron deposition in the
background liver were significantly increased in HCCs with a PTHR compared with HCCs without a PTHR
(Fig. 7) (P < 0.001).
The correlation coefficient of the peritumoral iron deposition between semiquantitative and quantitative
methods was 0.705 (P < 0.001). The correlation coefficient for iron deposition in the background liver
between the semiquantitative and quantitative methods was 0.729 (P < 0.001).
Association between a PTHR and potential contributing factors
The difference between the presence of a PTHR and potential contributing factors, including clinical or
histopathologic features, was also analyzed (Table 2). There were no significant differences in patients’
sex or age, or in the differentiation. However, there were significant differences in the size (P = 0.005),
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etiology (P = 0.001), degree of iron deposition in the background liver parenchyma (P < 0.001), and the
degree of fibrosis (P = 0.042).

Discussion
In this study, there was a significant, high association between peritumoral iron deposition and the
presence of a PTHR compared with the absence of a PTHR. Interestingly, there was no significant
association between a fibrous capsule and a PTHR. Therefore, we found that the presence of a PTHR on
T2*WIs probably showed iron deposition in the peritumoral liver parenchyma. Furthermore, the presence
of a PTHR was also associated with significantly higher iron deposition in the background liver.
As a more objective evaluation method, we performed a quantitative analysis of iron deposition as
optimal density by multispectral imaging in addition to the semiquantitative method utilized in previous
reports [12, 13]. Liu et al. studied the application of multispectral imaging in the quantitative
immunohistochemical analysis of breast cancer. The authors reported that, in contrast to conventional
RGB images, multispectral imaging was more accurate and reliable, and it provided more information on
protein expression in relation to clinicopathological characteristics [23]. In normal color imaging
(conventional RGB imaging), images are acquired as wavelength bands of light divided by the three RGB
channels, whereas in multispectral imaging, images are acquired in more subdivided wavelength bands.
Therefore, multispectral imaging can more accurately determine iron deposition with Prussian blue
staining as the specific wavelength band. Because there was a significant correlation between the
semiquantitative and quantitative methods, we analyzed the association between a PTHR and
peritumoral iron deposition using the quantitative method.
Histopathologically, the capsule appearance on imaging features either a true capsule consisting of a
fibrous inner layer and a prominent sinusoid outer layer, or a pseudocapsule consisting of a prominent
sinusoid and/or peritumoral fibrous tissue [6, 18]. The presence of an enhancing capsule appearance is a
characteristic feature of HCC, and this feature can suggest a favorable prognosis after hepatectomy and
the degree of effectiveness of transcatheter arterial chemoembolization [19-21]. Therefore, assessing
capsule appearance is important not only for a differential diagnosis but also for clinical management.
This finding was adopted as a major feature in the LI-RADS [7]. In contrast, a nonenhanced capsule
appearance, which is an ancillary feature favoring HCC in particular, can appear as a hypointense rim on
T2WIs, nonenhanced T1WIs, or during the hepatobiliary phase of gadoxetic acid-enhanced MR images [2,
6, 22]. In particular, noncontrast MR images such as T2WIs and nonenhanced T1WIs are important for
patients who cannot tolerate gadolinium, as a contrast agent (such as patients with renal failure and
previous hypersensitivity reactions) [4, 5]. Chen et al. reported that T2*WIs and SWIs were superior to
nonenhanced T1WIs and T2WIs for describing capsule appearance. The authors observed PTHRs in
T2*WIs in 27 of 41 (66%) HCCs with the histopathologic capsule features, and PTHRs on SWIs were
observed in 34 of 41 (83%) HCCs with the histopathologic capsule features. The authors speculated that
an outer layer in the histopathologic capsule has abundant sinusoids with high concentrations of
deoxyhemoglobin, resulting in a phase difference between the vessels and the surrounding parenchyma,
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although this finding has not been histopathologically analyzed in detail [8]. However, the finding may be
useful for the diagnosis of HCC with a nonenhancing capsule appearance.
Although we did not histopathologically analyze the blood vessels of the capsule in this study, there was
no significant difference in the histopathologic fibrous capsule between groups. However, the presence of
a PTHR on T2*WIs was strongly associated with histopathologic peritumoral iron deposition. Therefore,
we speculate that SWIs are more sensitive to change in magnetic susceptibility, such as with iron
deposition, than T2*WIs, so a PTHR would be detected more clearly on SWIs than on T2*WIs.
A significantly higher degree of iron deposition in the background liver was detected in the presence of a
PTHR compared with the absence of a PTHR. Hepatic iron deposition is commonly observed in CLD, and
in particular, in alcoholic liver disease, nonalcoholic steatohepatitis, and hepatitis C [9]. In CLD, hepatic
iron deposits are found in hepatocytes and reticuloendothelial system cells [24]. Furthermore, HCCs with
a PTHR had significantly higher iron deposition compared with HCCs without a PTHR. Therefore, we
consider that the PTHR was easily observed around larger HCCs because of the compression change in
the peritumoral liver parenchyma in the iron-deposited background liver.
There was a significant difference in the etiology of the HCCs. HCCs with a PTHR were identified in 11 of
12 non-B, non-C (NBNC) patients. In these 11 patients, 7 patients had alcoholic liver disease, 3 patients
had nonalcoholic steatohepatitis, and one patient had an unknown etiology. Alcoholic liver disease
causes hepatic iron overload from an early stage in approximately half of all patients, which is a higher
degree of iron deposition than with viral liver disease [9]. Therefore, we considered that NBNC patients,
who had a high incidence of alcoholic liver disease, also had high hepatic iron deposition and
significantly more HCCs with a PTHR.
There was significant difference in the degree of fibrosis between patients with and without a PTHR. Iron
overload in the liver is associated with a high degree of fibrosis (F3 or F4) [9]. Iron deposition in the
background liver was significantly increased in HCCs with a PTHR compared with HCCs without a PTHR,
in this study. However, the degree of fibrosis was significantly lower in HCCs with a PTHR, which may be
explained by the small sample size of our study population.
As we have mentioned, a PTHR can be considered to reflect peritumoral iron deposition, not a
histopathologic fibrous capsule. Furthermore, a PTHR might correspond to the liver parenchyma with iron
deposition compressed by the tumor. Therefore, we presume that a PTHR can also be detected in other
hepatic tumors if the tumors are larger, and if there is more iron deposition in the background liver. In the
future, we need to study other hepatic tumors to determine whether the presence of a PTHR is a specific
finding (i.e., a nonenhancing capsule appearance) for HCC.
This study has several limitations. First, there was selection bias regarding the study population size
because we excluded small HCCs (< 1.5 cm) and large HCCs (> 10 cm). As a result, the number of HCCs
was low. Second, the entire circumference of the tumor was not evaluated in the histopathologic
examination.
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Conclusion
The presence of a PTHR in HCCs on T2*WIs was strongly associated with iron deposition in the
peritumoral liver parenchyma but not with the fibrous capsule. The appearance of a PTHR might be
affected by the degree of iron deposition in the background liver parenchyma and the tumor size.
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Declarations
Autors’ contributions
YT and YF designed the study, analyzed the data, performed the statistical analysis, and drafted the
manuscript. YO, AY, MM and TU helped with the data acquisition and the stastical analysis. AS and YS
were involved with patient care. All authors read and approved the final manuscript.
Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or notfor-profit sectors.
Availability of data and materials
The datasets during and/or analysed during the current study available from the corresponding author on
reasonable request.
Ethical approval and consent to participate
The institutional review board of Shinshu University School of Medicine approved this retrospective study
and waived the requirement for informed consent.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Acknowledgments
Page 10/20

We thank Kayo Suzuki and Eri Ishikawa, research center for supports to advanced science, Shinshu
University for providing expert technical assistance, and Andrea Baird, MD, and Jane Charbonneau, DVM,
from Edanz Group (https://en-author-services.edanzgroup.com/ac) for editing a draft of this manuscript.

References
1. Mori K, Yoshioka H, Takahashi N, Yamaguchi M, Ueno T, Yamaki T, Saida Y. Triple arterial phase
dynamic MRI with sensitivity encoding for hypervascular hepatocellular carcinoma: comparison of
the diagnostic accuracy among the early, middle, late, and whole triple arterial phase imaging. AJR
Am J Roentgenol 2005;184(1):63–9.
2. Grazioli L, Olivetti L, Fugazzola C, Benetti A, Stanga C, Dettori E, Gallo C, Matricardi L, Giacobbe A,
Chiesa A. The pseudocapsule in hepatocellular carcinoma: correlation between dynamic MR imaging
and pathology. Eur Radiol 1999;9(1):62–7.
3. Kurozumi M, Fujinaga Y, Kitou Y, Yamada A, Ohya A, Adachi Y, Tsukahara Y, Nickel MD, Maruyama K,
Uehara T, et al. Evaluation of hemodynamic imaging findings of hypervascular hepatocellular
carcinoma: comparison between dynamic contrast-enhanced magnetic resonance imaging using
radial volumetric imaging breath-hold examination with k-space-weighted image contrast
reconstruction and dynamic computed tomography during hepatic arteriography. Jpn J Radiol
2018;36(4):295–302.
4. Weller A, Barber JL, Olsen OE. Gadolinium and nephrogenic systemic fibrosis: an update. Pediatr
Nephrol 2014;29(10):1927–37.
5. Jung JW, Kang HR, Kim MH, Lee W, Min KU, Han MH, Cho SH. Immediate hypersensitivity reaction to
gadolinium-based MR contrast media. Radiology 2012;264(2):414–22.
6. Kadoya M, Matsui O, Takashima T, Nonomura A. Hepatocellular carcinoma: correlation of MR
imaging and histopathologic findings. Radiology 1992;183(3):819–25.
7. American College of Radiology. Liver Imaging Reporting and Data System version 2018.
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS. Accessed October
2020.
8. Chen W, DelProposto Z, Liu W, Kassir M, Wang Z, Zhao J, Xie B, Wen Y, Wang J, Hu J. Susceptibilityweighted imaging for the noncontrast evaluation of hepatocellular carcinoma: a prospective study
with histopathologic correlation. PloS One 2014;9(5):e98303.
9. Mehta KJ, Farnaud SJ, Sharp PA. Iron and liver fibrosis: Mechanistic and clinical aspects. World J
Gastroenterol 2019;25(5):521-38.
10. Hardie AD, Romano PB. The use of T2*-weighted multi-echo GRE imaging as a novel method to
diagnose hepatocellular carcinoma compared with gadolinium-enhanced MRI: a feasibility study.
Magn Reson Imaging 2010;28(2):281–5.
11. Hardie AD, Nance JW, Boulter DJ, Kizziah MK. Assessment of the diagnostic accuracy of T2*weighted MR imaging for identifying hepatocellular carcinoma with liver explant correlation. Eur J
Page 11/20

Radiol 2011;80(3):e249–52.
12. Choi MH, Choi JI, Lee YJ, Park MY, Rha SE, Lall C. MRI of small hepatocellular carcinoma: Typical
features are less frequent below a size cutoff of 1.5 cm. AJR Am J Roentgenol 2017;208(3):544–51.
13. Chandarana H, Lim RP, Jensen JH, Hajdu CH, Losada M, Babb JS, Huffman S, Taouli B. Hepatic iron
deposition in patients with liver disease: preliminary experience with breath-hold multiecho T2*weighted sequence. Am J Roentgenol 2009;193(5):1261–7.
14. Joe E, Kim SH, Lee KB, Jang JJ, Lee JY, Lee JM, Han JK, Choi BI. Feasibility and accuracy of dualsource dual-energy CT for noninvasive determination of hepatic iron accumulation. Radiology
2012;262(1):126–35.
15. Bauman TM, Ricke EA, Drew SA, Huang W, Ricke WA. Quantitation of protein expression and colocalization using multiplexed immuno-histochemical staining and multispectral imaging. J Vis Exp.
2016; doi:10.3791/53837.
16. Ichida F, Tsuji T, Omata M, Ichida T, Inoue K, Kamimura T, Yamada G, Hino K, Yokosuka O, Suzuki H.
New Inuyama classification; new criteria for histological assessment of chronic hepatitis. Int Hepatol
Commun 1996;6(2):112–9.
17. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics
1977;33(1):159-74.
18. Ishigami K, Yoshimitsu K, Nishihara Y, Irie H, Asayama Y, Tajima T, Nishie A, Hirakawa M, Ushijima Y,
Okamoto D, et al. Hepatocellular carcinoma with a pseudocapsule on gadolinium-enhanced MR
images: correlation with histopathologic findings. Radiology 2009;250(2):435-43.
19. Abdel-Wahab M, El-Husseiny TS, El Hanafy E, El Shobary M, Hamdy E. Prognostic factors affecting
survival and recurrence after hepatic resection for hepatocellular carcinoma in cirrhotic liver.
Langenbecks Arch Surg 2010;395(6):625–32.
20. Wakasa K, Sakurai M, Kuroda C, Marukawa T, Monden M, Okamura J, Kurata A. Effect of
transcatheter arterial embolization on the boundary architecture of hepatocellular carcinoma. Cancer
1990;65(4):913–9.
21. Miraglia R, Pietrosi G, Maruzzelli L, Petridis I, Caruso S, Marrone G, Marrone G, Mamone G, Vizzini G,
Luca A, et al. Predictive factors of tumor response to trans-catheter treatment in cirrhotic patients
with hepatocellular carcinoma: a multivariate analysis of pre-treatment findings. World J
Gastroenterol 2007;13(45):6022–6.
22. An C, Rhee H, Han K, Choi JY, Park YN, Park MS, Kim MJ, Park S. Added value of smooth hypointense
rim in the hepatobiliary phase of gadoxetic acid-enhanced MRI in identifying tumour capsule and
diagnosing hepatocellular carcinoma, Eur radiol 2017;27(6):2610-8.
23. Liu WL, Wang LW, Chen JM, et al. Application of multispectral imaging in quantitative
immunohistochemistry study of breast cancer: a comparative study. Tumour Biol 2016;37(4):5013–
24.
24. Milic S, Mikolasevic I, Orlic L, Devcic E, Starcevic-Cizmarevic N, Stimac D, Kapovic M, Ristic S. The
role of iron and iron overload in chronic liver disease. Med Sci Monit 2016;22:2144–51.
Page 12/20

Tables
Table 1 Magnetic resonance sequence and scan parameters.
T2*WI
Pulse sequence

2D-GRE

TR (ms)

202–236

TE (ms)

7.38

Flip angle (degrees)

20

Matrix size

512 × 330–400

Acquisition time (s)

20–22

Field of view (mm)

340–420 × 223–315

Section Thickness (mm)

4–5

Interslice gap (mm)

1

2D-GRE, two-dimensional gradient-recalled echo; T2*WI, T2*-weighted image; TE, echo time; TR, repetition
time; TSE, turbo spin echo.
Table 2 Clinical and histopathological analysis among PTHR+ and PTHR− groups.
Peritumoral hypointense rim

Positive

Negative

P-value

Sex (M/F)

18/5

10/6

0.143

Mean age (years)

68.4 ± 7.34

70.7 ± 5.93

0.208

Mean size (mm)

26.7 ± 8.39

20.5 ± 6.91

0.005*

Etiology, HCV/HBV/NBNC

8/4/11a

14/1/1b

0.001*

Background liver fibrosis (F0/1/2/3/4)

1/4/7/5/6

0/1/2/5/8

0.042*

Differentiation

6/16/1

5/9/2

0.455

(well/moderately/
poorly differentiated)
a

HCCs with a PTHR were identified in 7 patients with alcoholic liver disease, 3 patients with nonalcoholic

steatohepatitis, and one patient with an unknown etiology.
b HCC without

a PTHR was identified in one patient with alcoholic liver disease.
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F, degree of fibrosis using the new Inuyama classification (F0, no fibrosis; F1, portal fibrosis widening; F2,
portal fibrosis widening with bridging fibrosis; F3, bridging fibrosis and lobular distortion; and F4,
cirrhosis); HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, (non-B, non-C). *Statistical significance

Figures

Figure 1
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Flowchart showing the patient selection process in this study. HCC, hepatocellular carcinoma; MR,
magnetic resonance; TACE, transcatheter arterial chemoembolization.

Figure 2
A peritumoral hypointense rim (PTHR) on a T2*-weighted image in multiple selected patients. (a) A PTHR
surrounds the entire tumor (white arrows). (b) A PTHR is observed around half of the tumor (white
arrows). (c) A PTHR is observed around one-third of the tumor (white arrows). (d) There is no PTHR
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around the tumor. (a) through (c) are positive for a PTHR on the T2*-weighted image. (d) The T2*weighted image is negative for a PTHR.

Figure 3
A 67-year-old female with hepatocellular carcinoma. (a) The tumor is seen as a hyperintense mass
compared with the background liver on a T2-weighted image (white arrow). (b) The contrast between the
tumor and the background liver is poor on a T2*-weighted image (white arrow).
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Figure 4
Microscopic slide image showing Prussian blue staining in a 76-year-old male with hepatocellular
carcinoma. (a) A low-power field image. We randomly selected five individual fields (blue boxes) of
peritumoral liver parenchyma or outer liver parenchyma for each tumor. (b) and (c) High-power
multispectral images of the peritumoral liver parenchyma (×200 magnification). By using a multispectral
imaging system, we could extract only Prussian blue signal.
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Figure 5
A 68-year-old male with hepatocellular carcinoma (HCC). (a) A T2*-weighted image shows tumor with a
peritumoral hypointense rim (white arrows). (b) This lesion was evaluated as grade 3 for peritumoral iron
deposition (black arrows) and grade 1 for iron deposition in the background liver in a semiquantitative
histopathological method. In addition, the mean optical density of this lesion was measured as 34321.7
for peritumoral iron deposition and 19475.5 for iron deposition in the background liver in a quantitative
histopathological method. (Prussian blue stain; original magnification, ×20).
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Figure 6
A 71-year-old male with hepatocellular carcinoma (HCC). (a) A T2*-weighted image shows tumor without
a peritumoral hypointense rim. (b) This lesion was evaluated as grade 0 for peritumoral iron deposition
and grade 0 for iron deposition in the background liver in a semiquantitative method. In addition, the
mean optical density of this lesion was measured as 6168.5 for peritumoral iron deposition and 5145.7
for iron deposition in the background liver in a quantitative histopathological method. (Prussian blue
stain; original magnification, ×20).
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Figure 7
Results of comparisons between the presence of a PTHR and (a) quantitatively assessed peritumoral iron
deposition or (b) quantitatively assessed iron deposition in the background liver using the Mann–Whitney
U-test. There were significant differences in both cases (P < 0.001).
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