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A B S T R A C T

Purpose: The purpose of this study was to compare the value of contrast-enhanced computed tomography
(CT) to that of magnetic resonance imaging obtained with extracellular contrast agent (ECA-MRI) for the
diagnosis of a tumor capsule in hepatocellular carcinoma (HCC) using histopathologic findings as the stan-
dard of reference.
Materials and methods: This retrospective study included patients with pathologically-proven resected HCCs
with available preoperative contrast-enhanced CT and ECA-MRI examinations. Two blinded radiologists
independently reviewed contrast-enhanced CT and ECA-MRI examinations to assess the presence of an
enhancing capsule. The histopathological analysis of resected specimens was used as reference for the diag-
nosis of a tumor capsule. The sensitivity and specificity of CT and ECA-MRI for the diagnosis of a tumor cap-
sule were determined, and an intra-individual comparison of imaging modalities was performed using
McNemar test. Inter-reader agreement was assessed using Kappa test.
Results: The study population included 199 patients (157 men, 42 women; mean age: 61.3 § 13.0 [SD] years)
with 210 HCCs (mean size 56.7 § 43.7 [SD] mm). A tumor capsule was present in 157/210 (74.8%) HCCs at
histopathologic analysis. Capsule enhancement was more frequently visualized on ECA-MRI (R1, 68.6%; R2,
71.9%) than on CT (R1, 44.3%, P < 0.001; R2, 47.6%, P < 0.001). The sensitivity of ECA-MRI was better for the
diagnosis of histopathological tumor capsule (R1, 76.4%; R2, 79.6%; P < 0.001), while CT had a greater speci-
ficity (R1, 84.9%; R2, 83.0%; P < 0.001). Inter-reader agreement was moderate both on CT (kappa = 0.55; 95%
confidence interval [CI]: 0.43−0.66) and ECA-MRI (kappa = 0.57; 95% CI: 0.45−0.70).
Conclusion: Capsule enhancement was more frequently visualized on ECA-MRI than on CT. The sensitivity of
ECA-MRI was greater than that of CT, but the specificity of CT was better than that of ECA-MRI.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary
liver malignancy, representing about 90% of all liver malignancies in
patients with cirrhosis [1]. In patients with a high pre-test probability
of HCC, the diagnosis of HCC can be achieved noninvasively in lesions
larger than 10 mm on multiphase contrast-enhanced computed
tomography (CT) and magnetic resonance imaging (MRI) based on
typical imaging features including hyperenhancement during the
hepatic arterial phase and nonperipheral washout on subsequent
vascular phases [1]. These features reflect microscopic vascular
changes that occur during hepatocarcinogenesis [2,3].

Besides these changes, HCC often also results in the formation of a
peripheral tumor capsule corresponding to various amounts of peri-
tumoral fibrous tissue, prominent sinusoids, or compressed liver
parenchyma on histopathological examination [4]. On imaging, this
capsule presents as a peripheral enhancing rim on portal venous and
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delayed phases and is referred to as an “enhancing capsule” [4]. The
specificity of this “enhancing capsule” ranges between 89 and 100%
for the diagnosis of HCC, justifying its inclusion in the Liver Imaging
Reporting and Data System (LI-RADS) algorithm as a major imaging
feature [5−9]. In LI-RADS v2018, the presence of enhancing capsule is
sufficient to categorize ≥ 20 mm lesions with nonrim arterial phase
hyperenhancement as definitively HCC (LR-5) [9], even in the
absence of other major imaging features (i.e., nonperipheral washout
or threshold growth). However, the performance of imaging for the
detection of enhancing capsule may vary according to the imaging
technique and the type of contrast agent.

Prior studies evaluating the imaging appearance of HCC with dif-
ferent imaging modalities and contrast agents reported a greater
prevalence of enhancing capsule on contrast-enhanced CT than on
gadoxetate disodium-enhanced MRI [10], and also on MRI obtained
with extracellular contrast agents (ECA-MRI) by comparison with
MRI obtained with gadoxetate disodium [11−15]. This is probably
due to the different pharmacokinetics of gadolinium-based contrast
agents. The accurate diagnosis of tumor capsule is relevant for patient
prognostication as it is associated with prolonged progression-free
survival after surgical resection [16,17]. However, no prior study has
reported the intraindividual comparison of CT and ECA-MRI for the
diagnosis of a tumor capsule. We hypothesize that visualization of
enhancing capsule could differ between CT and ECA-MRI because of
the different spatial and contrast resolution of the two modalities.

The purpose of this study was to compare the value of CT to that of
ECA-MRI for the diagnosis of a tumor capsule in HCC using histopath-
ologic findings as the standard of reference.

2. Materials and methods

This retrospective study was approved by the local IRB (CRM-
2103-131), and patient informed consent was waived due to the ret-
rospective design.

2.1. Population

A search for the pathology records was performed between 2012
and 2019 to select adult patients with pathologically-proven HCC fol-
lowing hepatic resection and with available preoperative contrast-
enhanced CT and ECA-MRI examinations. The initial population
included 308 patients (239 men, 69 women) with a mean age of
61.7 § 12.7 (standard deviation [SD]) years who underwent resection
for HCC. Exclusion criteria were as follows: (i), multiple (≥ 3) resected
HCCs preventing a reliable radiological-pathological correlation
(n = 24); (ii), HCC treated before preoperative imaging (n = 4); and
(iii), lack of preoperative contrast-enhanced CT (n = 29) or ECA-MRI
(n = 52) examinations. For patients with multiple preoperative imag-
ing studies, the CT and MRI examinations performed before treat-
ment and closest to the date of surgery were selected as index
examinations. Fig. 1 shows the flow-chart of the study.

Patient-related variables including sex, age, etiology of underlying
chronic liver disease, and date of surgery were retrieved using the
electronic data systems.

2.2. Imaging technique

All patients underwent multiphase contrast-enhanced CT and ECA-
MRI according to themost recent liver protocols. CT andMRI examina-
tions were acquired with different scanners due to the retrospective
study design. Patients were given a weight-based dose of intravenous
iodinated contrast agent for contrast-enhanced CT, with an iodine
concentration of 350 g/L, injected with a power injector at a rate of 3
−4 mL/s. Contrast-enhancedMRI sequences were acquired after intra-
venous administration of a gadolinium-based extracellular contrast
agent (Gd-BOPTA, Gadobenate Dimeglumine, MultiHance�, Bracco
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Imaging; Gd-DOTA, gadoterate meglumine, Dotarem�, Guerbet; or
occasionally other gadolinium-based extracellular contrast agents),
injected with a power injector at a rate of 2 mL/s. Post-contrast images
included late hepatic arterial (acquired with bolus triggering tech-
nique), portal venous (70−90 s), and delayed (180 s) phases.

2.3. Imaging analysis

Two radiologists blinded to the results of histopathological analy-
sis (R1, M.D.B., and R2, R.C., with 10- and 6 years of experience in
abdominal and liver imaging, respectively), independently reviewed
all imaging studies on the picture archiving and communication sys-
tem (Vue PACS, Philips Healthcare). CT and MRI examinations were
reviewed independently and in random order to minimize recall
bias. The readers assessed lesion size and the presence of enhancing
capsule on CT and MRI examinations. Lesion size was recorded as the
largest diameter on either axial, coronal, or sagittal planes measured
from outer edge to outer edge of the lesions and including the
enhancing capsule [9]. The enhancing capsule was characterized
according to the definition in the CT/MRI LI-RADS v2018 algorithm:
“smooth, uniform, sharp border around most or all of an observation,
unequivocally thicker or more conspicuous than fibrotic tissue
around background nodules, and visible as an enhancing rim in portal
venous or delayed phases” [9].

To assess the added value of the identification of enhancing cap-
sule for the diagnosis of HCC in the subset of patients corresponding
to the high-risk population in LI-RADS v2018, readers assigned a cat-
egory to each tumor using the LI-RADS v2018 algorithm with and
without considering enhancing capsule as a major feature [9].

2.4. Reference standard

The reference standard for the HCC capsule was based on a histo-
pathological analysis of resected specimens. All histopathological
specimens were reviewed by an expert pathologist (A.B.) with 8
years’ experience in liver pathology. The presence of a capsule was
first assessed macroscopically then confirmed by the microscopic
examination. An encapsulated HCC nodule was defined by the pres-
ence of fibrous tissue surrounding the nodule and separating it from
the adjacent liver parenchyma. Microscopically, the capsule was con-
sidered to be complete when it totally surrounded the nodule and
incomplete when it surrounded at least one third of its circumfer-
ence. Both microscopically complete and incomplete capsules were
considered for the purpose of this study.

Non-tumoral liver parenchyma from resected specimens was
evaluated to assess the stage of fibrosis and presence of hepatic stea-
tosis. Liver fibrosis was graded as follows: F0, no fibrosis; F1, portal
fibrosis without septa; F2, portal fibrosis with rare septa; F3, numer-
ous septa without cirrhosis; and F4, cirrhosis [18]. Patients with non-
tumoral liver parenchyma assigned to F3-F4 were considered to have
advanced fibrosis. Steatosis was considered present when involving
at least 5% of the hepatocytes.

2.5. Statistical analysis

Categorical variables were expressed as raw numbers, proportions
and percentages, while continuous variables were reported as means
§ SD and ranges. Categorical variables were compared using the Chi-
square (x2) or Fisher exact test. Intraindividual differences between
CT and MRI examinations were assessed using the McNemar test for
categorical variables and Wilcoxon signed rank-sum test for continu-
ous variables. Sensitivity, specificity, and accuracy with their 95%
confidence intervals (CIs) were calculated for the diagnosis of a mac-
roscopic and microscopic capsule at histopathology. Corresponding
true positive, true negative, false positive, false negative and propor-
tions were provided. Sensitivities, specificities, and accuracies



Fig. 1. Flowchart of the study population. HCC: hepatocellular carcinoma.
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derived from CT and MRI were also compared using the McNemar
test.

The Cohen’s kappa (k) test was used to assess inter-reader agree-
ment. Agreement was categorized as poor (k < 0.00), slight (k = 0.00
−0.20), fair (k = 0.21−0.40), moderate (k = 0.41−0.60), substantial
(k = 0.61−0.80), or almost perfect (k = 0.81−1.00) [19].

P < 0.05 was considered to be statistically significant. Statistical
analyses were performed using SPSS Software (Version 20.0. Armonk,
NY, USA: IBM Corp).
3. Results

3.1. Population and tumors

The characteristics of the final population are summarized in
Table 1. The final population included 199 patients (157 men, 42
Table 1
Characteristics of the study population.

Characteristics Number (%)

Patients 199
Sex
Male 157 (157/199; 78.9%)
Female 42 (42/199; 21.1%)

Age (years) 61.3 § 13.0 [21−89]

Etiology of chronic liver disease
Hepatitis C 32 (32/199; 16.1%)
Hepatitis C + alcohol or NAFLD 18 (18/199; 9.0%)
Hepatitis B 46 (46/199; 23.1%)
Hepatitis B + alcohol or NAFLD 9 (9/199; 4.5%)
Nonalcoholic fatty liver disease 49 (49/199; 24.7%)
Alcohol 12 (12/199; 6.0%)
Others 10 (10/199; 5.0%)
No chronic liver disease 23 (23/199; 11.6%)

Hepatic fibrosis stage*
F0 18 (18/199; 9.0%)
F1 30 (30/199; 15.1%)
F2 41 (41/199; 20.6%)
F3 44 (44/199; 22.1%)
F4 66 (66/199; 33.2%)

Categorical variables are expressed as raw numbers; numbers in parenthe-
ses are proportions followed by percentages; continuous variables are
expressed as means § standard deviation; numbers in bracket are ranges.
Abbreviation. NAFLD: nonalcoholic fatty liver disease.
* Fibrosis staging was performed using METAVIR scoring system.
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women) with a mean age of 61.3 § 13.0 [SD] years (age range: 21
−89 years) with 210 pathologically-proven HCCs (mean size
56.7 § 43.7 [SD] mm; range: 8−241 mm). Among them, 188/199
(94.5%) patients had a single HCC and 11/199 (5.5%) patients had two
HCCs. Overall 66/210 (31.4%) HCCs measured < 30 mm (including 33
lesions < 20 mm), 59/210 (28.1%) measured 30−49 mm, and 85/210
(40.5%) were ≥ 50 mm.

3.2. Tumor capsule at pathology

Tumor capsule was observed in 157/210 (74.8%) HCCs on histopa-
thology (microscopic capsule without a macroscopic capsule only
being observed in 11 HCCs). A tumor capsule was observed in 41/66
(62.1%), 50/59 (84.7%), and 66/85 (77.6%) HCCs < 30 mm, 3−49 mm
and ≥ 50 mm (P = 0.011), respectively. Microscopically, HCC capsule
was considered to be complete in 102 (46.4%) tumors and incomplete
in 55 (25.0%).

3.3. Performance of imaging for the diagnosis of tumor capsule

The mean time between index CT and MRI examinations and sur-
gical resection was 66.7 § 87.4 (SD) days (range: 0−259 days) and
88.5 § 96.5 (SD) days (range: 1−290 days) (P < 0.001), respectively.
The interval between CT and MRI examinations was 46.2 § 54.6 (SD)
days (range: 0−280 days).

The prevalence of enhancing capsules identified with both modal-
ities are reported in Table 2. Enhancing capsule was identified signifi-
cantly more frequently on ECA-MRI than on contrast-enhanced CT by
both readers (P < 0.001 for both R1 and R2) and was observed in 93/
210 (44.3%, R1) and 100/210 (47.6%, R2) HCCs on contrast-enhanced
CT and in 144/210 (68.6%, R1) and 151/210 (71.9%, R2) HCCs on ECA-
MRI, respectively (Figs. 2 and 3). Subgroup analysis according to the
size of HCCs confirmed that enhancing capsule was significantly
more frequently visualized on ECA-MRI in all subgroups (R1,
P = 0.004; R2, P < 0.001 in HCC < 30 mm; P = 0.001 for both R1 and
R2 in HCC measuring 30−49 mm; and R1, P < 0.001; R2, P = 0.001 in
HCCs ≥ 50 mm).

The diagnostic performances of contrast-enhanced CT and ECA-
MRI for the diagnosis of tumor capsule are presented in Table 3. The
sensitivity of ECA-MRI was significantly geater than that of contrast-
enhanced CT for the diagnosis of tumor capsule (R1, 76.4% vs. 54.1%,
P < 0.001; R2, 79.6% vs. 57.9%, P < 0.001), which was confirmed in all
tumor size subgroups. The specificity of contrast-enhanced CT was
significantly greater than that of ECA-MRI for the diagnosis of tumor



Table 2
Visibility of enhancing capsule on contrast-enhanced CT and MRI with extracellular contrast agent.

Enhancing capsule CT MRI P value

Reader 1
Overall 93 (93/210; 44.3%) 144 (144/210; 68.6%) < 0.001
HCC measuring < 30 mm 19 (19/66; 28.8%) 33 (33/66; 50.0%) 0.004
HCC measuring 30−49 mm 28 (28/59; 47.5%) 43 (43/59; 72.9%) 0.001
HCC measuring ≥ 50mm 46 (46/85; 54.1%) 68 (68/85: 80.0%) < 0.001
Reader 2
Overall 100 (100/210; 47.6%) 151 (151/210; 71.9%) < 0.001
HCC measuring < 30 mm 22 (22/66; 33.3%) 42 (42/66; 63.6%) < 0.001
HCC measuring 30−49 mm 30 (30/59; 50.8%) 46 (46/59; 78.0%) 0.001
HCC measuring ≥ 50 mm 48 (48/85; 56.5%) 63 (63/85; 74.1%) 0.001
Inter-reader agreement (95% CI) 0.55 (0.4−0.66) 0.57 (0.45−0.70)

Categorical variables are expressed as raw numbers; numbers in parentheses are proportions followed by percentages and were compared using
McNemar test. Inter-reader agreement was assessed using Cohen kappa (k) test.
CI: confidence interval; CT: computed tomography; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging.
Bold indicates significant P value.
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capsule (R1, 84.9% vs. 54.7%, P < 0.001%; R2, 83.0% vs. 50.9%,
P < 0.001), which was observed in all tumor size subgroups.
Overall, the accuracy of ECA-MRI was greater than that of con-
trast-enhanced CT (R1, 71.0% vs. 61.9%, P = 0.032; R2, 72.4% vs.
64.3%, P = 0.060). In HCCs with microscopic capsule only, enhanc-
ing capsule was visualized in 7/11 (63.6%, R1) and 6/11 (54.5%,
R2) on ECA-MRI, while in 1/11 (9.1%, R1) and 3/11 (27.3%, R2) on
contrast-enhanced CT. The diagnostic performances of contrast-
enhanced CT and ECA-MRI in HCC with macroscopic capsule only
are detailed in Supplementary Table 1.

The prevalence of enhancing capsule according to the background
liver parenchyma is reported in Table 4. The prevalence of enhancing
capsules did not significantly differ between patients with cirrhosis
(F4) and those without (F0−F3) on either imaging modality. Enhanc-
ing capsule was significantly more frequent on CT for R1 in patients
with F0−F2 than in F3−F4 (P = 0.029). For both readers, enhancing
Fig. 2. 79-year-old man with chronic hepatitis B infection and 39-mm hepatocellular carcin
(arrows) on contrast-enhanced CT (A, portal venous phase; B, delayed phase) and on MRI wi
resection, pathological specimens confirmed the presence of a fibrous capsule both macrosco
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capsule was more frequently depicted on CT in patients with steato-
sis (R1, P = 0.040; R2, P = 0.017). Presence of steatosis did not influ-
ence the visualization of enhancing capsule on MRI.

3.4. Inter-reader agreement

The inter-reader agreement (Table 2) for enhancing capsule was
moderate on both contrast-enhanced CT (k = 0.55) and ECA-MRI
(k = 0.57). The inter-reader agreement for both CT and ECA-MRI was
greater in patients with advanced fibrosis (i.e., F3−F4) compared to
those with none to moderate fibrosis (i.e., F0−F2, Table 4).

3.5. Impact of enhancing capsule on LI-RADS categorization

A total of 106 patients (92 men and 14 women) with a mean age
of 58.1 § 13.4 [SD] years (age range: 21−79 years) with 106 HCCs
oma located in segment V. Both readers agreed on the presence of enhancing capsule
th extracellular contrast agent (C, portal venous phase; D, delayed phase). After surgical
pically (E) and microscopically (F).



Fig. 3. 72-year-old man with nonalcoholic fatty liver disease and 86-mm hepatocellular carcinoma in the left lateral segment. Both readers agreed on the absence of enhancing cap-
sule on contrast-enhanced CT (A, portal venous phase; B, delayed phase), while enhancing capsule (arrows) was observed by both readers on contrast-enhanced MRI (C, portal
venous phase; D, delayed phase). After surgical resection, pathological specimens confirmed the presence of a fibrous capsule both macroscopically (E) and microscopically (F).

Table 3
Sensitivity, specificity, accuracy with true positive (TP), true negative (TN), false positive (FP), and false negative (FN) of enhancing capsule on contrast-enhanced CT and MRI with
extracellular contrast agent for the diagnosis of capsule at histopathology.

Enhancing capsule Sensitivity% (95% CI) Specificity% (95% CI) Accuracy% (95% CI) TP TN FP FN

All HCC (n = 210)
CT
Reader 1 54.1 (46.0−62.1) [85/157] 84.9 (72.4−93.2) [45/53] 61.9 (55.0−68.5) [130/210] 85 45 8 72
Reader 2 57.9 (49.8−65.8) [91/157] 83.0 (70.2−91.9) [44/53] 64.3 (57.4−70.8) [135/210] 91 44 9 66
MRI
Reader 1 76.4 (69.0−82.8) [120/157] 54.7 (40.5−68.4) [29/53] 71.0 (64.3−77.0) [149/210] 120 29 24 37
Reader 2 79.6 (72.4−85.6) [125/157] 50.9 (36.8−64.9) [27/53] 72.4 (65.8−78.3) [152/210] 125 27 26 32
HCC < 30 mm (n = 66)
CT
Reader 1 36.6 (22.1−53.1) [15/41] 84.0 (63.9−95.4) [21/25] 54.6 (41.8−66.9) [36/66] 15 21 4 26
Reader 2 43.9 (28.5−60.2) [18/41] 84.0 (63.9−95.4) [21/25] 59.1 (46.3−71.1) [39/66] 18 21 4 23
MRI
Reader 1 58.5 (42.1−73.7) [24/41] 64.0 (42.5−82.0) [16/25] 60.6 (47.8−72.4) [40/66] 24 16 9 17
Reader 2 73.2 (57.1−85.8) [30/41] 52.0 (31.3−72.2) [13/25] 65.2 (52.4−76.5) [43/66] 30 13 12 11
HCC 30−49 mm (n = 59)
CT
Reader 1 54.0 (39.3−68.1) [27/50] 88.9 (51.7−99.7) [8/9] 59.3 (45.8−71.9) [35/59] 27 8 1 23
Reader 2 58.0 (43.2−71.8) [29/50] 88.9 (51.7−99.7) [8/9] 62.7 (49.2−75.0) [37/59] 29 8 1 21
MRI
Reader 1 76.0 (61.8−86.9) [38/50] 44.4 (13.7−78.8) [4/9] 71.2 (57.9−82.2) [42/59] 38 4 5 12
Reader 2 80.0 (66.3−90.0) [40/50] 33.3 (7.5−70.1) [3/9] 72.9 (59.7−83.6) [43/59] 40 3 6 10
HCC ≥ 50 mm (n = 85)
CT
Reader 1 65.2 (52.4−76.5) [43/66] 84.2 (60.4−96.6) [16/19] 69.4 (58.5−79.0) [59/85] 43 16 3 23
Reader 2 66.7 (54.0−77.8) [44/66] 78.9 (53.4−93.9) [15/19] 69.4 (58.5−79.0) [59/85] 44 15 4 22
MRI
Reader 1 87.9 (77.5−94.6) [58/66] 47.4 (24.4−71.1) [9/19] 78.8 (68.6−86.9) [67/85] 58 9 10 8
Reader 2 83.3 (72.1−91.4) [55/66] 57.9 (33.5−79.7) [11/19] 77.6 (67.3−86.0) [66/85] 55 11 8 11

Data are expressed as percentages, data in parenthesis are 95% confidence intervals (95% CI), data in brackets are proportions.
Abbreviations. CI: confidence interval; CT: computed tomography; FN: false negative; FP: false positive; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging; TN:
true negative; TP: true positive.

R. Cannella, M. Ronot, R. Sartoris et al. Diagnostic and Interventional Imaging 102 (2021) 735−742

739



Table 4
Presence of tumor capsule on pathology and depiction of enhancing capsule on contrast-enhanced CT and MRI with extra-
cellular contrast agent according to the quality of the background liver parenchyma.

Background liver parenchyma
F0−F3 (n = 142) F4 (n = 68) P value

Capsule on pathology
Macro 102 (102/142; 71.8%) 44 (44/68; 64.7%) 0.294
Micro 109 (109/142; 76.8%) 48 (48/68; 70.6%) 0.335
Capsule at imaging
CT
Reader 1 66 (66/142; 46.5%) 27 (27/68; 39.7%) 0.355
Reader 2 73 (73/142; 48.6%) 31 (31/68; 45.6%) 0.683
Inter-reader agreement* 0.53 (0.39−0.67) 0.58 (0.39−0.67)
MRI
Reader 1 100 (100/142; 70.4%) 44 (44/68; 67.7%) 0.404
Reader 2 105 (105/142; 73.9%) 45 (45/68; 67.6%) 0.342
Inter-reader agreement* 0.56 (0.41−0.71) 0.61 (0.41−0.81)

F0−F2 (n = 93) F3−F4 (n = 117)

Capsule on pathology
Macro 72 (72/93; 77.4%) 74 (74/117; 63.2%) 0.027
Micro 73 (73/93; 78.5%) 84 (84/117; 71.8%) 0.267
Capsule at imaging
CT
Reader 1 49 (49/93; 52.7%) 44 (44/117; 37.6%) 0.029
Reader 2 50 (50/93; 53.8%) 50 (50/117; 42.7%) 0.112
Inter-reader agreement* 0.46 (0.28−0.64) 0.61 (0.47−0.75)
MRI
Reader 1 70 (70/93; 75.3%) 74 (74/117; 63.2%) 0.062
Reader 2 71 (71/93; 76.3%) 80 (80/117; 68.4%) 0.202
Inter-reader agreement* 0.44 (0.23−0.65) 0.66 (0.52−0.80)

No steatosis (n = 127) Steatosis (n = 83)
Capsule on pathology
Macro 90 (90/127; 70.9%) 56 (56/83; 67.5%) 0.601
Micro 95 (95/127; 74.8%) 62 (62/83; 74.7%) 0.986
Capsule at imaging
CT
Reader 1 49 (49/127; 38.6%) 44 (44/83; 53.0%) 0.040
Reader 2 52 (52/127; 40.9%) 48 (48/83; 57.8%) 0.017
Inter-reader agreement* 0.55 (0.40−0.70) 0.51 (0.32−0.69)
MRI
Reader 1 84 (84/127; 66.1%) 60 (60/86; 72.3%) 0.348
Reader 2 92 (92/127; 72.4%) 59 (59/83; 71.1%) 0.831
Inter-reader agreement 0.63 (0.48−0.77) 0.49 (0.28−0.70)

Categorical variables are expressed as numbers and percentages and were compared using the Pearson x2 or Fisher exact
test. Bold indicates significant P value.
CT: computed tomography; MRI: magnetic resonance imaging.
* calculated using Cohen’s kappa (k) test; numbers in parentheses are 95% confidence interval.
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(mean size 42.8 § 31.8 [SD] mm; range 9−159 mm) met the LI-RADS
criteria for high-risk status. LI-RADS categories with and without
enhancing capsule as a major feature are reported in Fig. 4. When the
presence of a capsule was included as a major imaging feature on
contrast-enhanced CT, six (5.6%) and three (2.8%) observations were
upgraded by R1 (four were upgraded from LR-4 to LR-5; two from
LR-3 to LR-4) and R2 (one upgraded from LR-4 to LR-5, two from LR-3
to LR-4), respectively. When the presence of a capsule was included
as a major imaging feature on ECA-MRI, five (4.7%) and one (0.9%)
observations were upgraded by R1 (two from LR-4 to LR-5; three
from LR-3 to LR-4) and R2 (one from LR-4 to LR-5), respectively.

4. Discussion

This intraindividual comparative study demonstrates that
enhancing capsule was significantly more frequently identified on
ECA-MRI ECA than on contrast-enhanced CT, regardless of the size of
HCC. The sensitivity of ECA-MRI was significantly greater while the
specificity of CT was significantly greater with pathology as refer-
ence.

When enhancing capsule is integrated as a major imaging feature
for the diagnosis of HCC in the LI-RADS algorithm it was shown to
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have a high specificity for the noninvasive diagnosis of HCC [5−8].
Because both contrast-enhanced CT and ECA-MRI are extensively
used in clinical practice for the noninvasive diagnosis of HCC, the
visualization of enhancing capsule might influence the categorization
of a lesion as definitively HCC. Based on the LI-RADS v2018 algorithm,
the presence of enhancing capsule allows the LR-5 categorization in
observations with nonrim arterial phase hyperenhancement, mea-
suring 10−19 mm and having another additional major feature, or in
observations equal or larger than 20 mm, even in absence of other
major features [9]. In our study, the final LI-RADS category was
upgraded in 2.8−5.6% tumors on contrast-enhanced CT in the pres-
ence of enhancing capsule and in 0.9−4.7% lesions on ECA-MRI in the
subset of patients with LI-RADS high-risk status.

Although several studies have compared different imaging fea-
tures of HCC in different modalities and identified a similar rate of
arterial phase hyperenhancement and washout on CT and ECA-MRI,
only a few studies have assessed the intraindividual differences of
imaging modalities for the visualization of enhancing capsule, with
heterogeneous results [10−13,20−23]. In an intraindividual compari-
son of 216 HCCs, Joo et al. reported that enhancing capsule was sig-
nificantly less frequent on gadoxetate disodium-enhanced MRI than
on contrast-enhanced CT (17% vs. 31%) [10]. On the other hand, no



Fig. 4. LI-RADS category without and with enhancing capsule as major feature, in the
LI-RADS v2018 high-risk population. HCC: hepatocellular carcinoma R: reader.

R. Cannella, M. Ronot, R. Sartoris et al. Diagnostic and Interventional Imaging 102 (2021) 735−742
difference was observed in the visualization of enhancing capsule on
gadoxetate disodium-enhanced MRI and contrast-enhanced CT
(30.0% vs 30.5%) in a multicenter intraindividual study by An et al.
including 231 hepatic lesions (114 HCCs) [23]. Song et al. showed
that capsule was more common on MRI with gadopentetate dimeglu-
mine than with gadoxetate disodium (75% vs 50%) in an intraindivid-
ual comparison of 77 HCCs [12]. In a prospective intraindividual
comparison of 117 lesions, Min et al. more frequently identified
enhancing capsule with ECA than gadoxetate disodium MRI (87% vs
47%) [13]. The less frequent visualization of the enhancing capsule on
gadoxetate disodium-enhanced MRI in these studies could be
because the appearance of the capsule may be hidden by the increas-
ing signal intensity of the liver during the transitional phase [24]. It is
interesting to note that in our study there was a greater frequency of
enhancing capsules than in prior reports (44−47% on contrast-
enhanced CT and 68−72% on ECA-MRI), probably due to the larger
HCC tumors (mean size, 56 mm) and to the greater prevalence of
HCC capsules on histopathology in lesions ≥ 30 mm in our cohort.

Moreover, our study evaluated the performance of contrast-
enhanced CT and ECA-MRI using histopathology as the reference.
Overall, the accuracy of ECA-MRI was slightly higher than contrast-
enhanced CT (71−72% vs. 62−64%). Interestingly, the sensitivity of
ECA-MRI was significantly better than contrast-enhanced CT for the
diagnosis of tumor capsules (76−79% vs. 54−58%), while contrast-
enhanced CT had a significantly higher specificity than ECA-MRI for
tumor capsule (83−85% vs 51−55%). The increased sensitivity of MRI
may be due to better contrast resolution with this technique. The
lower specificity of ECA-MRI may be related to a better visualization
of the compressed liver parenchyma adjacent to the lesions
(depiected as pseudocapsule on imaging), mimicking the presence of
a true perilesional enhancing capsule but without peritumoral fibrous
capsule at pathology [25]. The difference between capsule and pseu-
docapsule cannot be made by imaging. However, this difference is
not relevant for the noninvasive diagnosis of HCC and for the predic-
tion of histopathological aggressiveness [25].
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The sensitivity of CT in our study was lower than that reported by
Kim et al. [26]. In that study, the sensitivity and specificity of CT and
gadoxetate disodium MRI were similar (CT, 71%; MRI, 73%; and CT,
76%; MRI, 70%, respectively) for the diagnosis of a histopathological
capsule in 63 HCCs [26]. Of note, in our study the presence of under-
lying cirrhosis did not significantly influence the visualization of an
enhancing capsule in either imaging technique, while enhancing cap-
sule was more frequently depicted on CT in patient with hepatic stea-
tosis. This could be explained by the more hypoattenuating
appearance of the steatotic liver.

Inter-reader agreement for the presence of enhancing capsule in
our study was moderate on both contrast-enhanced CT (k: 0.55) and
ECA-MRI (k: 0.57), which is in accordance with previous studies (k
range: 0.42−0.88) [27−29]. In a recent meta-analysis [30], the inter-
reader agreement for enhancing capsule on MRI (meta-analytic
pooled k: 0.66) was similar to other major imaging features (meta-
analytic pooled k range: 0.69−0.72) for the diagnosis of HCC,
although substantial heterogeneity was noted across studies. Inter-
estingly, in our cohort, inter-reader agreement was better in patients
with advanced fibrosis (F3−F4) despite similar rate of tumor capsule
on pathological analysis. This may be due to a better depiction of the
capsule in these patients.

Our retrospective study has several limitations. First, the inclusion
of only pathologically-proven HCCs after hepatic resection with both
pretreatment CT and MRI could create a selection bias. Moreover,
most HCCs in our cohort were larger than 30 mm, and 40% were
larger than 50 mm, which could limit the applicability of the results
to smaller lesions and influence the value of enhancing capsule for
LI-RADS categorization in patients at high risk of HCC. Second, our
study cohort included patients with different etiologies of chronic
liver disease, and a pathological diagnosis of cirrhosis in only one
third of patients. A lack of cirrhosis or a high-risk status for HCC
requires diagnostic confirmation by biopsy even in the presence of
typical imaging features of HCC [1,31]. Third, our study did not
include a control group with non-HCC lesions, limiting the assess-
ment of the sensitivity and specificity of enhancing capsule for the
differential diagnosis of HCCs with other benign lesions and non-HCC
malignancies. Finally, we did not evaluate the presence of a non-
enhancing capsule, which is currently listed as an ancillary feature
favoring malignancy in the LI-RADS algorithm [9]. Nevertheless, this
feature is rarely observed on CT or MRI [13,29].

In conclusion, enhancing capsule was more frequently visualized
on ECA-MRI than on contrast-enhanced CT. ECA-MRI was signifi-
cantly more sensitive for the diagnosis of an HCC capsule, while the
specificity of contrast-enhanced CT was better, regardless of tumor
size.
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