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Accurate segmentation of liver and tumor regions in medi-
cal imaging is crucial for the diagnosis, treatment, and mon-
itoring of hepatocellular carcinoma (HCC) patients. How-
ever, manual segmentation is time-consuming and subject to
inter- and intra-rater variability. Therefore, automated meth-
ods are necessary but require rigorous validation of high-
quality segmentations based on a consensus of raters. To ad-
dress the need for reliable and comprehensive data in this
domain, we present LiverHccSeg, a dataset that provides liver
and tumor segmentations on multiphasic contrast-enhanced
magnetic resonance imaging from two board-approved ab-
dominal radiologists, along with an analysis of inter-rater
agreement.

LiverHccSeg provides a curated resource for liver and HCC
tumor segmentation tasks. The dataset includes a scientific
reading and co-registered contrast-enhanced multiphasic
magnetic resonance imaging (MRI) scans with corresponding
manual segmentations by two board-approved abdominal
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radiologists and relevant metadata and offers researchers
a comprehensive foundation for external validation, and
benchmarking of liver and tumor segmentation algorithms.
The dataset also provides an analysis of the agreement
between the two sets of liver and tumor segmentations.
Through the calculation of appropriate segmentation metrics,
we provide insights into the consistency and variability in
liver and tumor segmentations among the radiologists. A
total of 17 cases were included for liver segmentation and
14 cases for HCC tumor segmentation. Liver segmentations
demonstrates high segmentation agreement (mean Dice, 0.95
+ 0.01 [standard deviation]) and HCC tumor segmentations
showed higher variation (mean Dice, 0.85 + 0.16 [standard
deviation]).
The applications of LiverHccSeg can be manifold, ranging
from testing machine learning algorithms on public exter-
nal data to radiomic feature analyses. Leveraging the inter-
rater agreement analysis within the dataset, researchers can
investigate the impact of variability on segmentation perfor-
mance and explore methods to enhance the accuracy and ro-
bustness of liver and tumor segmentation algorithms in HCC
patients. By making this dataset publicly available, LiverHcc-
Seg aims to foster collaborations, facilitate innovative solu-
tions, and ultimately improve patient outcomes in the diag-
nosis and treatment of HCC.
© 2023 Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Specifications Table

Subject Medical Imaging
Specific subject area Whole liver and HCC tumor segmentation.
Type of data Table

Medical Imaging
Scientific Reading
Segmentation files

How the data were acquired The data was retrieved from The Cancer Genome Atlas Liver Hepatocellular
Carcinoma Collection (TCGA-LIHC)
(https://wiki.cancerimagingarchive.net/pages/viewpage.action?pageld=6885436)

Data format Raw
Analyzed
Annotated
Description of data collection One multi-phasic contrast-enhanced MRI study per patient was included from

the TCGA-LIHC database [1] in the dataset and all analysis. Liver and tumor
segmentation was conducted using the software 3D Slicer.

Data source location The Cancer Genome Atlas Liver Hepatocellular Carcinoma Collection
(TCGA-LIHC) [1] (https:
|[wiki.cancerimagingarchive.net/pages/viewpage.action?pageld=6885436)

Data accessibility All data is available at the Zenodo repository:
https://doi.org/10.5281/zenodo.7957515

1. Value of the Data

» The LiverHccSeg dataset provides a publicly available resource for liver and tumor seg-
mentation in patients with hepatocellular carcinoma (HCC). The dataset provides manual
whole liver- (n = 17) and tumor segmentations (n == 14), enabling the evaluation of
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artificial intelligence algorithms for accurate and reliable liver and tumor detection and
segmentation.

« The inclusion of two sets of liver and tumor segmentations from two board-approved ab-
dominal radiologists in the LiverHccSeg dataset adds significant value. Researchers can lever-
age the inter-rater agreement analysis to gain insights into the variability in liver and tumor
segmentations, leading to a better understanding of the challenges and uncertainties asso-
ciated with HCC segmentation, and facilitating the development of improved segmentation
techniques.

LiverHccSeg provides both, a consistent data structure and measures of reproducibility for

our manual segmentations.

By providing consistently labeled NIfTI images and segmentation masks, we aim to support
researchers in seamlessly integrating this dataset into their evaluation workflows, ultimately
fostering more efficient and reliable machine learning algorithm evaluation processes while
ensuring compatibility and interoperability with various software tools and libraries com-
monly used in scientific analyses.

+ A dedicated scientific reading of the images was conducted to minimize the potential bi-
ases and inconsistencies that may arise from relying solely on clinical reports. Moreover, our
tumor segmentations show a high inter-rater agreement and ensure that our segmentation
masks are reproducible.

2. Objective

Liver cancer is a leading cause of cancer-related mortality worldwide [2], with increasing in-
cidence and mortality rates [3,4]. Hepatocellular carcinoma (HCC) accounts for the majority of
liver cancer cases [5]. Magnetic resonance (MR) imaging (MRI) has proven effective in detect-
ing and diagnosing HCC without invasive biopsies [6,7]. Accurate liver segmentation is crucial
for volumetry assessment and serves as a preprocessing step for tumor detection algorithms
and accurate HCC tumor segmentation is essential for the extraction of quantitative imaging
biomarkers such as radiomics [8].

Publicly available datasets allow for fair and objective comparisons between different algo-
rithms or approaches. The LiverHccSeg dataset addresses the lack of publicly available, annotated
multiphasic MRI datasets and offers researchers and developers a resource for evaluating algo-
rithms and analyzing imaging biomarkers on external data. In addition to providing a benchmark
with this dataset, we also assess the inter-rater variability between two different sets of tumor
segmentations, which serves as a measure of reproducibility for human segmentations. This is
essential in assessing the reliability of manual annotations and establishing a baseline for algo-
rithm performance comparison. LiverHccSeg promotes fair comparisons, facilitates advancements
in HCC research, and supports the development of more accurate and robust segmentation algo-
rithms.

3. Data Description

The data that appears in this article include:

1. dicoms.zip: This zip file contains all the raw MR images from The Cancer Genome Atlas Liver
Hepatocellular Carcinoma Collection (TCGA-LIHC) [1] in the Digital Imaging and Communica-
tions in Medicine (DICOM) format used for the curation of this dataset. The data is structured
as Patient-ID/DATE/SEQUENCE where Patient-ID is the unique de-identified patient ID, DATE
is the date of the image acquisition, and SEQUENCE is the name of the MR sequence.

2. LiverHccSeg_MetaData.xlsx: This spreadsheet contains all the metadata from the DICOM
headers along with the data from the scientific image readings.
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3. nifti_and_segms.zip: This zip file contains all MR images along with the liver and tumor seg-
mentations in the Neuroimaging Informatics Technology Initiative (NIfTI) format.
The data is structured as Patient-ID/DATE/SEQUENCE where Patient-ID is the unique
anonymized patient identifier, DATE is the date of the image acquisition, and SEQUENCE is
the name of the MRI sequence or segmentation image.
The NIfTI files are named as follows:
pre.nii.gz: Pre-contrast T1-weighted MRI
art.nii.gz: Arterial-phase T1-weighted MRI
pv.nii.gz: Portal-venous-phase T1-weighted MRI
del.nii.gz: Delayed-phase T1-weighted MRI
art_pre.nii.gz: Pre-contrast T1-weighted MRI registered to the corresponding arterial-phase
T1-weighted image
art_pv.nii.gz: Portal-venous-phase T1-weighted MRI registered to the corresponding arterial-
phase T1-weighted MRI
art_del.nii.gz: Delayed-phase T1-weighted MRI registered to the corresponding arterial-phase
T1-weighted MRI
The corresponding manual segmentations are named after the rater and the type of seg-
mentation and follow the format ‘RATER_ROlLnii.gz’ where RATER denotes the human rater
and ROI denotes the region of interest that was segmented, for example, ‘rater1_liver.nii.gz’,
‘rater2_liver.nii.gz’, ‘rater1_tumorl.nii.gz’, and ‘rater2_tumorl.nii.gz’. For tumor segmen-
tations, an integer indicates the tumor identification number for different tumor ROIs, for
example ‘rater1_tumorl.nii.gz’ and ‘rater2_tumorl.nii.gz’. The segmentations can be used
for the arterial phase NIfTI file as well as the corresponding co-registered pre-contrast
(art_pre.nii.gz), portal-venous (art_pv.nii.gz), and delayed-phase (art_del.nii.gz) images.

4, segm_metrics.xlsx: This spreadsheet summarizes the segmentation agreement between the
two sets of liver and tumor segmentations by the two board-certified abdominal radiologists.

4. Experimental Design, Materials and Methods
4.1. Inclusion of patients

All available scans from The Cancer Genome Atlas Liver Hepatocellular Carcinoma Collection
(TCGA-LIHC) were downloaded [1]. One multiphasic MRI study (pre-contrast and triphasic post-
contrast including arterial, portal venous, and delayed phases) per patient was included. Pa-
tients who did not exhibit a tumor or residual tumor were excluded from the tumor segmen-
tation dataset; however, they were included in the liver segmentation dataset. Fig. 1 summa-
rizes the inclusion and exclusion process, and patient characteristics are reported in Table 1. In
cases where a subject had multiple scans, the inclusion process prioritized the inclusion of pre-
treatment images and among the pre-treatment images, preference was given to scans with the
highest image quality based on visual qualitative assessment.

4.2. MR imaging data

All imaging data were converted to the Neuroimaging Informatics Technology Initiative
(NIfTI) format with the decm2nii (v2.1.53) package [9] and available header information was ex-
tracted using the pydicom (v.2.1.2) package [9]. Multiparametric MRI sequences were labeled
with a consistent syntax (‘pre’, ‘art’, ‘pv’, ‘del’, for the pre-contrast, arterial, portal-venous, and
delayed contrast phases, respectively). All images were already de-identified by the TCIA web-
site. Images were acquired between the years 1993 and 2007 on Philips and Siemens scanners
with field strengths of 1.5 and 3 Tesla, respectively. Full details of the imaging parameters can
be found in Table 2. Briefly, the median repetition time (TR) and median echo time (TE) were
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Table 1
Patient characteristics.

Liver Segmentation

Tumor Segmentation

Cohort Cohort

Parameter (n=17) (n=14)
Demographics
Male, n (%) 11 (0.65) 9 (0.64)
Age, mean (std) 61 (10.77) 60 (11.01)
Etiology

Alcohol 1 1

HCV 3 3

HBV 2 2

not available 12 9
Radiological Data
Number of Lesions, n (%)

1 - 13 (0.93)

3 - 1 (0.07)
Maximum Tumor Diameter (cm), median [IQR] - 6.34 [6.285]
Cumulative Tumor Diameter (cm), median [IQR] - 6.34 [6.285]
Portal Vein Thrombosis, n (%)

Absent 14 (0.82) 12 (0.86)

Present 3 (0.18) 2 (0.14)
Ascites on Imaging, n (%)

Absent 17 (1.0) 14 (1.0)

Present 0 (0.0) 0 (0.0)
Portal Hypertension on Imaging, n (%)

Absent 12 (0.71) 11 (0.79)

Present 5(0.29) 3(0.21)

Liver Volume (ccm), median [IQR]
Total Tumor Volume (ccm), median [IQR]

1968.94 [581.23]

2091,52 [456.84]
107.08 [336.55]

Table 2
Magnetic resonance imaging parameters.

Parameter Liver Segmentation Cohort Tumor Segmentation Cohort
n n=17 n=14
Manufacturer, n (%)
Siemens 16 (94.1) 14 (100.0)
Philips Healthcare 1(5.9)
Model Name, n (%)
Aera 6 (35.3) 6 (42.9)
Avanto 6 (35.3) 5 (35.7)
Sonata 1(5.9) 1(7.1)
Symphony 2 (11.8) 2 (14.3)
Espree 1(5.9) 0
Ingenia 1(5.9) 0
Magnetic Field Strength, n (%)
15T 16 (94.1) 14 (100.0)
30T 1(5.9) 0
Contrast Agent, n (%)
Gadovist 4 (23.5) 4 (28.6)
Magnevist 3 (17.6) 2 (14.3)
Multihance 5(29.4) 4 (28.6)
Omniscan 1(5.9) 1(71)
not avaliable 4 (23.5) 3 (214)
Flip Angle, mean (SD) 65.4 (59.1) 77.3 (58.7)
Percent Phase Field of View, mean (SD) 88.3 (24.5) 88.4 (26.8)
Echo Time, mean (SD) 26.4 (37.7) 31.7 (39.7)
Repetition Time, mean (SD) 365.8 (556.0) 443.4 (586.3)
Imaging Frequency, mean (SD) 67.4 (15.5) 63.7 (0.0)
Pixel Bandwidth (Hz), mean (SD) 536.9 (346.1) 487.3 (201.1)
Spacing Between Slices, mean (SD) 9.5 (3.9) 10.3 (3.2)
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TCIA-LIHC
n = 40 Subjects
n =73 Scans
n = 1378 MR Sequences

l

NifTi Data
n = 40 Subjects
n =73 Scans 56 Scans Excluded:
n = 1378 MR Sequences + Not Pre + 3 Contrast Phases (n=27)
| + Dimensionality Errors (n=18)
v | « Liver Cut Off on Images (n=11)
Scientific Reading ° Patien.t ID DUP”Cate (n=8)
n = 17 Subjects + Non-diagnostic Scan (n=5)

n =17 Scans
n = 285 MR Sequences

|

Liver Segmentation Dataset
n = 17 Subjects
n =17 Scans
n =68 MR Sequences
I

3 Scans Excluded:
‘ * No Residual Tumor (n=2)
* Post Treatment Changes (n=1)
Tumor Segmentation Dataset
n = 14 Subjects
n =14 Scans
n =56 MR Sequences

\4

Fig. 1. Flowchart of patient inclusion. The flowchart shows the inclusion of multi-parametric magnetic resonance imag-
ing data from the TCIA-LIHC [1] dataset for the LiverHccSeg dataset. We included 17 patients for whole liver segmenta-
tion and a subset of 14 patients in our final cohort for tumor segmentation.

Table 3
HCC imaging features.

Tumor Imaging Features

Number of lesions 16 (14 Patients)

Diameter (cm), median [IQR] 6.00 [5.88]
Arterial Phase Hyperenhancement, n (%) 14 (87.50)
Washout, n (%) 9 (56.25)

Capsule, n (%) 11 (68.75)

Tumor Volume (ccm), median [IQR] 87.60 [327.79]

365.8 ms and 26.4 ms, respectively. The median slice thickness was 9.5 mm, and the median
bandwidth was 536.9 Hz.

4.3. Scientific MRI readings

After conversion, all images were read in a scientific reading by two board-certified abdomi-
nal radiologists (S.A. and S.H with 9 and 10 years of experience, respectively). Any disagreement
between the two raters was discussed in a consensus meeting. All HCC lesions were classified
according to LI-RADS criteria [6]. Table 3 summarizes the imaging features of the scientific read-
ings.
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Fig. 2. Example patient from the Dataset. Arterial phase magnetic resonance images of a 58-year-old female patient
with a 6.5 cm lesion in segment III of the liver in axial, coronal and sagittal planes (A) with corresponding manual liver
(B) and tumor segmentations (C) of the two raters (rater 1: green, rater 2: blue). The lesion displays characteristics of a
LI-RADS 5 lesion with nonrim arterial phase hyperenhancement (APHE), nonperipheral washout as well as an enhancing
capsule on portal venous phase images. The calculated Dice Similarity Coefficient (DSC) between the segmentations
of the two raters were 0.95 and 0.91 for the liver and tumor segmentations, respectively. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

4.4. MR image co-registration

The co-registration of pre-contrast, portal-venous, and delayed-phase images with arte-
rial phase images was performed using the software Biolmage Suite (v3.5) [10]. A non-rigid
intensity-based registration approach was applied, employing a free-form deformation (FFD) pa-
rameterized with 3D B-splines [11]. The FFD transformation was estimated by maximizing the
normalized mutual information similarity metric [12] through gradient descent optimization. To
enhance the optimization process, a multi-resolution image pyramid with three levels was uti-
lized. The final B-spline control point spacing was set to 80 mm. The estimated transformation
was then employed to warp the moving images (pre-contrast, portal-venous, and delayed-phase)
into the reference image space, specifically the arterial phase image. All registrations were man-
ually verified by visual inspection.

4.5. Liver and tumor segmentation and statistical analysis

All livers and tumors were manually segmented under the supervision of two board-certified
abdominal radiologists using the software 3D Slicer (v4.10.2) [13] utilizing the paint (2D and
3D brush), draw, and erase (2D and 3D brush) tools. To compare the segmentation agreement
between the two sets of liver and tumor segmentations, we calculated segmentation metrics
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Table 4

Liver segmentation agreement.
Segmentation Metric mean SD 25% median 75 %
dice 0.95 0.01 0.9 0.95 0.96
jaccard 0.91 0.02 0.9 0.91 0.92
precision 0.96 0.02 0.9 0.96 0.97
recall 0.95 0.03 0.9 0.95 0.97
fpr 0 0 0 0 0
for 0.05 0.03 0 0.05 0.06
Vs 0.01 0.04 0 0.02 0.03
hd 15.77 8.05 11.6 13 15.55
msd 13 0.41 12 118 1.64
mdsd 0.71 0.57 0 0.78 119
stdsd 1.82 0.72 14 145 2
hd95 4,53 2.04 33 3.8 5.5

Table 5

HCC tumor segmentation agreement.
Segmentation Metric mean SD 25 % median 75 %
dice 0.85 0.16 0.84 0.89 0.92
jaccard 0.76 0.18 0.73 0.81 0.86
precision 0.85 0.19 0.88 0.89 0.92
recall 0.89 0.09 0.84 0.92 0.97
fpr 0.01 0.02 0 0 0
for 0.11 0.09 0.03 0.08 0.16
Vs —0.08 0.38 -0.05 0 0.08
hd 15.59 25.58 5.53 7.83 12.84
msd 3.53 9.58 0.78 113 144
mdsd 2.89 9.78 0 0 113
stdsd 3.36 735 1.07 132 1.97
hd95 9.73 22.09 2.74 3.33 5.6

using the Python package seg-metrics (v1.0.0) [14]. All segmentation metrics and statistics were
calculated in Python (v3.7). A representative example case with corresponding liver and tumor
segmentations from both raters is shown in Fig. 2. Liver and tumor segmentation metrics are
summarized in Table 4 and Table 5, respectively.
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