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Abstract

Differentiating lipid-poor adrenal adenomas from adrenal metastases is
not possible without performing a dedicated contrast-enhanced CT (CECT)
protocol. Our purpose is to evaluate the possible role of texture analysis in
classifying adrenal lesions.

This is a retrospective study. We evaluated 33 patients with 47 metastases
and 43 patients with 47 adenomas. Seven of the adenomas were lipid-poor, and
the rest — lipid-rich adenomas. We used commercially available software for le-
sion segmentation and texture analysis on native and arterial phase CT images
with a slice thickness of 2 mm. The segmentation was semi-automated, and
features were computed on the resulting regions of interest (ROI) for each lesion
on both native and arterial phases. Two conventional (HU standard deviation,
Histogram Entropy) and six second-order texture features (GLCM — Homogene-
ity, Energy, Entropy log 10, Contrast, Dissimilarity, NGDLM-Busyness) were
calculated. For statistical analysis the IBM SPSS 19 package was used to com-
pare the following groups in both phases: 1. Adenomas—Metastasis; 2. Lipid-
rich adenomas (LRA)-metastases; 3. Lipid-rich-lipid-poor adenomas (LPA);
4. Lipid-poor adenomas—metastases.

There was a statistically significant difference in the distribution of some
conventional (Histogram Entropy) and second-order features (GLCM — Homo-
geneity, Energy, Entropy log 10, Dissimilarity) in the first group on the native
as well as on the enhanced images. The results were similar when comparing
lipid-rich adenomas to metastases. Only native phase derived features were
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discriminative between lipid-rich and lipid-poor adenomas, with no difference
between parameters on CECT. No difference was found between any of the
texture features in lipid-poor adenomas and metastases for both phases.

First- and second-order texture features were graded based on their poten-
tial for serving as classifier tools. Unenhanced features ranked higher. Further
research and validation are needed to discover the most robust set of features
for differentiating between lipid-poor adenomas and metastases.

Key words: lipid-poor adrenal adenoma, adrenal metastasis, texture
analysis

Introduction. Adrenal lesions are a frequent incidental imaging finding,
reported to be present in approximately 2% of studies, performed for different
reasons [!|. Even in patients with known malignancy, most adrenal nodules his-
tologically represent adenomas. OLIVER et al. [!3] assessed adrenal lesions in
patients with lung cancer and found that 68% of the lesions were adenomas. Ac-
curate adrenal mass characterization is of importance in the newly discovered
cancer patient for adequate staging and management. Misclassification of an ade-
noma as metastasis may detain patients from radical cancer treatment, whereas
treating a metastatic lesion as benign may lead to unnecessary surgery. Computed
tomography (CT) is the gold standard for adrenal lesion characterization. Due to
the high intracellular lipid content, most adenomas have a mean attenuation value
on unenhanced CT of < 10 HU []. Unfortunately, nearly 1/3 of all adenomas are
“lipid-poor” adenomas which do not meet this criterion.

KOROBKIN et al. [*] have developed a dedicated CT protocol for diagnosing
adenomas based on their propensity for rapid washout after contrast adminis-
tration. The protocol consists of native phase and additional scans at 60 s and
15 min post injection. Potential drawbacks in everyday practice include the need
for timely diagnosis of an incidentaloma; the need for contrast administration; the
increase in overall study duration.

Texture analysis is a rapidly evolving method in oncology for extracting, an-
alyzing, and interpreting quantitative features from medical images ['°]. This
method allows quantification of image heterogeneity and has shown promising
results in lesion categorization [>!!], in the prognosis of progression, and in pre-
dicting histology and genotype [>?]. It can be applied as a post-processing step in
a variety of different medical images. Statistical methods for texture assessment
generate features of different orders which differ in their approach to describing
voxel distribution in the ROI. First-order features are histogram-based and cal-
culate the frequency with which different gray-level voxels are encountered in the
ROI, without accounting for their position in space ['4]. HISTO _Entropy logl0
is a first-order feature expressing the randomness of the gray level frequency dis-
tribution. Second-order texture features are the most frequently utilized for het-
erogeneity assessment. They take into account the spatial relationship between
different gray level voxels. These features are calculated from a set of matrices
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including the Gray-level co-occurrence matrix (GLCM), Grey level run-length ma-
trix (GLRLM), neighbourhood grey-level difference matrix (NGLDM), grey-level
zone length matrix (GLZLM). GLCM expresses the spatial relationship between
adjacent voxels with a certain intensity. It is a numerical matrix with numbers
representing the frequency with which a pair of voxels with predefined intensity
and offset are encountered in the ROI [6]. NGLDM “corresponds to the difference
of grey-levels between one voxel and its 26 neighbours in 3 dimensions”, according
to NIOCHE et al. ['2].

Materials and methods. Seventy-eight patients with 94 adrenal nodules
examined between August 2016 and August 2020 were retrospectively selected
from our institution’s Picture Archiving and Communication System (PACS). All
patients underwent a CT examination with the same 64 slice Toshiba Aquilion
scanner. Scan parameters used were: 120 kVp; variable tube current with auto-
matic tube current modulation activated; rotation time 0.5 s and pitch=1.484.
For the post-processing, we used images with a slice thickness of 2 mm in native
and arterial phases. Arterial phase images were acquired 30 s after application of
100 ml contrast material (Ultravist 370) with an injection rate of 3-3.5 ml/s.

The age range was 41-80 years, mean age — 65 years. Lesions were deemed
metastatic when they had a mean density of > 10 HU on native phase in a patient
with known neoplasm. Exclusion criteria were size less than 10 mm and grossly
necrotic lesions. The resultant group consisted of 33 patients with 47 metastatic
lesions.

The group of adenomas consisted of 43 patients with 47 lesions, which were
divided into two subgroups:

e Lipid-rich adenomas (LRA, 40 lesions) — in patients with an adrenal nodule
with a mean density < 10 HU, with or without concomitant neoplasm;

e Lipid-poor adenoma (LPA, 7 lesions) — lesions with a mean density > 10 HU
in patients without concomitant neoplasm.

For image post-processing, we used the LIFEx commercially available soft-
ware [12]. Lesion segmentation was semi-automated and generated 3D ROIs. Care
was taken not to include calcifications, vessels, and lesion margins (Fig. 1). In-
tensity discretization was performed with fixed bin number (64) and absolute
rescaling between —150 and 4300 HU. For each lesion two conventional (mean
density standard deviation, HISTO Entropy logl0) and six second-order fea-
tures from the GLCM (Homogeneity, Energy, Contrast, Entropy, Dissimilarity)
and NGLDM (Busyness) were calculated. Features were extracted for both na-
tive and enhanced images. IBM SPSS 19 software package was used to compare
the obtained values between the following groups in both phases: 1. Adenomas—
Metastasis; 2. LRA—metastases; 3. LRA-LPA; 4. LPA-metastases. A Bonferroni
correction was done resulting in P < 0.00625.
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Fig. 1. A 3D ROI was drawn for each lesion in
both phases and was used for calculation of fea-
tures

Results. 1. Adenomas—Metastasis: Results of the Mann—Whitney U test
demonstrated a statistically significant difference in the distribution of first-order
(HISTO _Entropy) and second-order (Homogeneity, Energy, Contrast, Entropy,
Dissimilarity) mean ranks between adenomas and metastases on both phases.
Effect size (d values) ranged from 1.9 (GLCM entropy) to 2 (Histo Entropy) in
the native phase and from 1.6 (GLCM Entropy) and 1.8 (HISTO_Entropy) in
the arterial phase.

2. LRA—-metastases: There was a significant difference between the mean
ranks of HISTO Entropy, GLCM Homogeneity, Energy, Contrast, Entropy and
Dissimilarity in LRA and metastases on both phases with d ranging from 1.9
(GLCM Entropy) to 2.06 (Histo Entropy) on native phase features and from 1.65
(GLCM Entropy) to 2 (GLCM Homogeneity, Dissimilarity) in the arterial phase.
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Fig. 2. Box plots of Histo Entropy value distribution compared between LPA and LRA on the
left and LPA and metastases on the right
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3. LRA-LPA: The results showed differences in HISTO Entropy, GLCM
Homogeneity, Energy, and Entropy values in the native phase, d values were 2.16
for GLCM Homogeneity, and 2.4 for the remainder. No difference was evident
between features calculated from arterial phase images.

4. LPA-metastases: The results from the nonparametric test failed to
demonstrate a significant difference across all 8 texture features.

Discussion. Two first-order and six second-order texture features were as-
sessed for robustness. Both native and arterial phase parameters were evaluated
since they are known to reflect separate tumour qualities. Native images provide
insight into tumour histology, whereas contrast-enhanced images express tumour
vascularity.

LRA and metastases demonstrated significant differences in both enhanced
and unenhanced texture features, with Histo Entropy being the best performing
feature. LRA and LPA showed significant differences in their native phase param-
eters which were mitigated when comparing arterial phase features. Ho et al. [9]
explained this phenomenon in their paper. They studied 15 LPA and 8 malignant
masses by comparing 21 second-order features derived from NECT, venous phase
CT and MRI. The researchers observed a significant difference between 9 native
and 18 venous phase features including GLCM derivatives. It was postulated that
both types of lesions have inherent heterogeneity, which is due to the uneven dis-
tribution of lipid-poor and lipid-rich cell populations in LPA, and areas of necrosis
and calcification in tumours. The authors theorized that contrast administration
erases regional differences in adenomas because both cell populations have the
same vascularity.

Our study group did not demonstrate a statistically significant difference be-
tween the mean ranks of features in LPA and metastases. P values were > 0.00625
for both phases with native features having lower values. These results conflict
with some previously reported findings [%!8]. One possible explanation could lie
in the small sample size (7) which prompted us to use a non-parametric statisti-
cal test with lower statistical power. We calculated local texture maps for each
subgroup of adrenal lesions to discern if our findings were associated with the
statistical test or the raw data were originally similar. Local texture maps are vi-
sually intuitive means for expressing texture features. LPA and metastases showed
similar maps, whereas LRA had a coarser structure (Fig. 3). These observations
support the results of the Mann—Whitney U test.

With the help of current software and computer-assisted techniques multiple
texture features can be calculated. Many of these are closely correlated with each
other and prove redundant. Several authors have used different order texture fea-
tures which were not discriminative by themselves but when used in conjunction as
input for different algorithms achieved satisfactory sensitivity and specificity when
differentiating LPA from metastases [*71°718]. There is no consensus on which
combination of features provides the best results. Ranking features based on their
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Fig. 3. Local texture maps for GLCM derived features show a similarity between LPA and
metastases

potential discriminative power may prove more helpful than finding a single ro-
bust feature. The current study found first-order Histo Entropy and second-order
GLCM Homogeneity, Energy, Entropy to have higher discriminative potential,
followed by GLCM Contrast and Dissimilarity. NGLDM Busyness ranked lowest.
Non-enhanced features ranked higher for all compared groups.

ROMEO et al. [*] explored texture analysis in a group of 60 patients (20 LPA,
20 LRA, and 20 non-adenomatous lesions (NAL). They calculated 138 texture
features. The best performing features were used to train an algorithm that
achieved a diagnostic accuracy of 80%. In their study, first order and long-run
emphasis (RLM) features outperformed GLCM derivatives. First-order features
proved to be more robust. Our experience supports these findings. Histogram
Entropy was found to be the highest-ranking texture feature in terms of effect size.
It showed a lower mean rank in metastases in comparison with LRA. Although not
statistically significant Histogram energy was still lower in metastases compared
to LPA. Previous studies have demonstrated similar lower mean values of this
feature in malignant tumors [%]. One recent study by SHI et al. [!6] assessed 265
histologically proven masses (including 66 LPA and 101 metastases) on native and
venous phase CT images. Entropy was among the six histogram-derived NECT
features and four CECT features, which showed lower values in metastases.
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This study has several contributions. To our knowledge, it is the first study
to compare texture features among LRA-LPA, and LRA-metastases. It is also
one of the few studies of texture analysis to use arterial phase images. We used
whole tumour volume thus achieving a higher level of confidence. Limitations
of this study include its retrospective nature. The final diagnosis was based on
a combination of clinical and imaging findings of benignity which may lead to
misclassification. We did not perform spatial resampling and no filter was applied.
Bigger study groups are needed to confirm the presented findings. Validation of
the selected features as a classifying tool is the subject of future work.

Conclusion. First- and second-order texture features were graded based on
their potential for serving as classifier tools. Unenhanced features ranked higher.
Further research and validation are needed to discover the most robust set of
features for differentiating between lipid-poor adenomas and metastases.
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