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Objectives. To differentiate pituitary adenoma from Rathke cleft cyst in magnetic resonance (MR) scan by combing MR image
features with texture features. Methods. A total number of 133 patients were included in this study, 83 with pituitary adenoma and
50 with Rathke cleft cyst. Qualitative MR image features and quantitative texture features were evaluated by using the chi-square
tests or Mann-Whitney U test. Binary logistic regression analysis was conducted to investigate their ability as independent
predictors. ROC analysis was conducted subsequently on the independent predictors to assess their practical value in dis-
crimination and was used to investigate the association between two types of features. Results. Signal intensity on the contrast-
enhanced image was found to be the only significantly different MR image feature between the two lesions. Two texture features
from the contrast-enhanced images (Histo-Skewness and GLCM-Correlation) were found to be the independent predictors in
discrimination, of which AUC values were 0.80 and 0.75, respectively. Besides, the above two texture features (Histo-Skewness and
GLCM-Contrast) were suggested to be associated with signal intensity on the contrast-enhanced image. Conclusion. Signal
intensity on the contrast-enhanced image was the most significant MR image feature in differentiation between pituitary adenoma
and Rathke cleft cyst, and texture features also showed promising and practical ability in discrimination. Moreover, two types of

features could be coordinated with each other.

1. Introduction

Pituitary adenoma is the most common lesion in the sellar
region, accounting for 15% of all intracranial tumor [I, 2].
Rathke cleft cyst, another type of frequent lesion located in
the sellar region, could be found in approximately 13%-33%
of normal pituitary glands according to the routine autopsy
[3, 4]. They share similar symptoms arisen from mass effect,
including headache, visual deficit, and endocrine dysfunc-
tion [5, 6]. Magnetic resonance (MR) scan has long been
recognized as the most useful technique to distinguish the
two types of lesions, which could be discriminated based on
their different features in many cases. Pituitary adenoma
typically shows solid characteristics and homogeneous en-
hancement, while Rathke cleft cyst usually presents as a
cystic lesion combined with rim enhancement [7]. However,
the diagnostic accuracy of MR scan largely depends on the

experiences of radiologists, and the versatile characteristics
of Rathke cleft cyst make it difficult to discriminate from
pituitary adenoma in some cases radiologically, requiring a
more objective, precious, and practical method to depict the
MR image [8, 9].

Texture analysis is a novel radiological method which
could extract quantitative features from medical images and
provide nonvisual information systematically and objec-
tively through well-established mathematical formulas
[10, 11]. Previous studies implied that texture analysis
combined with magnetic resonance imaging (MRI) could be
applied for the detection and differentiation of various tu-
mors, such as breast, bone, bladder, and prostate tumor
[12-15]. However, texture analysis has never been conducted
in pituitary adenoma or Rathke cleft cyst, and the re-
lationship between texture features and MR image features
has rarely been reported in the previous study. Therefore, in
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the present study, we performed analysis to discriminate
pituitary adenoma from Rathke cleft cyst in MR scan by
combing MR image features with texture features, wishing to
establish a set of parameters from macroscopical to
microcosmic.

2. Methods

2.1. Patient Selection. All patients involved in this retro-
spective single-center study were diagnosed and treated at
the neurosurgery department of the West China Hospital
of Sichuan University from December 2014 to April 2019.
In initial selection, we screened the database of our hospital
to select the potential qualified patients who were (1) with
elaborate electric medical records, (2) with the pathological
confirmation of pituitary adenoma or Rathke cleft cyst, and
(3) with preoperative sellar MR scan. Exclusion criteria
included patients (1) with MR image which had the scarce
quality to perform analysis; (2) with any other cerebral
diseases which could disturb statistic extraction. A total
number of 133 eligible patients were selected from our
institutional database. Eighty-three of them were di-
agnosed with pituitary adenoma and fifty with Rathke cleft
cyst.

2.2. MRI Acquisition. MR scans were conducted in the
Huaxi MR Research Center of the West China Hospital of
Sichuan University in Chengdu, Sichuan, China. Patients
were scanned using the 3.0 T Siemens Trio scanner or 3.0 T
GE SIGNA MRI scanner. The sequences included the
contrast-enhanced image on the T1-weighted image (TIWI)
and T2-weighted image (T2WI). The scanning of the con-
trast-enhanced image was performed within 200s after
injection of gadopentetate dimeglumine (0.1 mmol/Kg). The
contrast-enhanced image on TIWI was available for all
patients, while T2WI was available for 113 patients.

2.3. MR Image Feature Analysis. MR image feature anal-
ysis was conducted by two certificated neurosurgeons
together with the assistance of senior radiologists. The two
neurosurgeons correlated MRI with relevant histopath-
ologic findings in qualitative and quantitative assessment.
They were guided by the advice from senior radiologists
when their opinions divided to reach an agreement. Based
on the previous studies and empirical suggestions from
radiologists, the qualitative MR features we selected for
further analysis were as follows: (1) signal intensity of the
whole lesion on the contrast-enhanced image and T2WTI,
(2) heterogeneity of the whole lesion on the contrast-
enhanced image and T2WI, and (3) flow voids on the
contrast-enhanced image or T2WI [7, 9]. In addition,
characteristics of the lesion were also measured and
recorded, including the size and location of lesions, to
perform further research.

2.4. Texture Feature Extraction. The 3D-based texture fea-
ture extraction was performed by two neurosurgeons
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together using mature software called LifeX package (http://
www.lifexsoft.org) [16]. Concerning about ambiguity on
location of lesions on conventional TIWI, we selected the
contrast-enhanced image and T2WI to conduct texture
analysis. Two neurosurgeons reached unanimous agreement
on the location of the lesion under the guidance of senior
radiologists and manually contoured the lesion slice by slice
on coronal image to generate regions of interest (ROI). A
total of 46 quantitative texture features were extracted from
five matrices, including histogram-based matrix (Histo),
grey-level co-occurrence matrix (GLCM), grey-level zone
length matrix (GLZLM), neighborhood grey-level de-
pendence matrix (NGLDM), and grey-level run length
matrix (GLRLM). Based on the results from the previous
studies, we focused statistical analysis on ten texture features
most researchers studied: energy, entropy, kurtosis, and
skewness derived from histogram-based matrix and corre-
lation, contrast, dissimilarity, energy, entropy, and homo-
geneity derived from GLCM [10, 17].

2.5. Statistical Analysis. The continuous variables were
summarized with mean value and ranges, and the categorical
variables were summarized with frequencies and percent-
ages. The patients were divided into training group (n = 108)
and validation group (n =25). We first conducted MR image
feature analysis and texture feature analysis in the training
group, including 68 patients with pituitary adenoma and 40
patients with Rathke cleft cyst. The differences of MR image
features between pituitary adenoma and Rathke cleft cyst
were evaluated with the chi-squared tests (for categorical
variables with enough statistics) or Fisher exact tests (for
categorical variables with limited statistics). The Mann-
Whitney U test was conducted to identify whether texture
features were statistically different between two types of
lesions. Binary logistic regression analysis was performed on
significant features to evaluate if they could be taken as
independent predictors. Receiver operating characteristic
(ROC) analysis was performed on these independent pre-
dictors to assess their ability to differentiate pituitary ade-
noma from Rathke cleft cyst, from where area under the
curve (AUC), sensitivity, specificity, and optimal cutoft
values (at the maximal Youden’s index) were recorded to
evaluate their practical value. Then, we tested the discrim-
inative performance of the independent texture features in
the validation group, including 15 patients with pituitary
adenoma and 10 patients with Rathke cleft cyst. As for the
association between MR image features and texture features,
the Mann-Whitney U test was performed first to explore
whether texture features were significantly different in
specific MR image features. ROC analysis was performed
subsequently to investigate their relationship and practical
value. Benjamini-Hochberg correction was applied for all
multiple hypothesis tests in order to control the true type-1
error probability [18, 19]. P values less than 0.05 were
considered statistically significant. All statistical analyses
were performed with IBM SPSS Statistics for Windows
(Version 22.0, IBM Corp. Armonk, NY, USA) and MedCalc
statistics (MedCalc Software, Belgium).
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3. Results

3.1. Patient Selection. The characteristics of patients and
lesions are summarized in Table 1. Mean ages of patients
with pituitary adenoma and Rathke cleft cyst were
48.57 years and 45.19 years, respectively. Most lesions were
located in the intrasellar and suprasellar region regardless of
the tumor types. The average size of pituitary adenoma was
25.72mm, and Rathke cleft cyst was 21.14 mm. Among the
83 patients with pituitary adenoma, 49 were clinically
nonfunctioning adenoma, 16 were acromegaly, 9 were
Cushing disease, 5 were gonadotropin-secreting adenoma,
and 4 were prolactinoma.

3.2. Analysis of MR Image Features. Like texture features,
the evaluation of MR image features was basically based on
the contrast-enhanced image and T2WI (Figure 1). All
participants in the training group had the preoperative
contrast-enhanced image, and T2WI was available in 90
patients. Among the five MR image features we evaluated,
signal intensity on the contrast-enhanced image (p <0.001)
and signal intensity on T2WI (p = 0.028) were observed
significantly different between pituitary adenoma and
Rathke cleft cyst. Benjamini-Hochberg correction adjusted
the level of significance p* = 0.01, making signal intensity on
the contrast-enhanced image as the only significant MR
image feature. Hyperintense on the contrast-enhanced
image was more likely to represent in pituitary adenoma,
while hypointense or isointense was more likely to represent
in Rathke cleft cyst. The other image features, including flow
voids, heterogeneity on the contrast-enhanced image, and
heterogeneity on T2WI, did not differ significantly between
these two lesions (Table 2).

3.3. Analysis of Texture Features. A total of nine features
differed significantly between pituitary adenoma and Rathke
cleft cyst according to the Mann-Whitney U test in training
group (Table 3). On the contrast-enhanced image, compared
with Rathke cleft cyst, pituitary adenoma was associated with
lower Histo-Energy (<0.001), higher Histo-Entropy (0.002),
lower Histo-Kurtosis (<0.001), lower Histo-Skewness
(<0.001), higher GLCM-Correlation (<0.001), lower GLCM-
Energy (<0.001), higher GLCM-Entropy (<0.001), and lower
GLCM-Homogeneity (0.001) (Figures 2(a)~2(h)). On T2WI,
pituitary adenoma demonstrated higher Histo-Skewness
(0.004) than Rathke cleft cyst (Figure 2(i)). The above nine
features were also significant after adjusting the level of
significance p* = 0.005. Since Histo-Energy, Histo-Entropy,
GLCM-Contrast, GLCM-Dissimilarity, GLCM-Energy,
GLCM-Entropy, and GLCM-Homogeneity on the contrast-
enhanced image were all collinear correlated, we performed
binary logistic regression analysis on GLCM-Dissimilarity
from the contrast-enhanced image and the other three
variables from the contrast-enhanced image (Histo-Kurto-
sis, Histo-Skewness, and GLCM-Correlation). The results of
binary logistic regression analyses on the above four stan-
dardized variables suggested that Histo-Skewness and
GLCM-Correlation from the contrast-enhanced image

could be taken as independent predictors (Table 4). Then
ROC analysis was performed on the two independent
predictors to assess their discriminative ability in the
training group. Histo-Skewness from the contrast-enhanced
image whose AUC value was 0.80 had the highest dis-
criminatory power and implied the practical value. On the
other hand, the AUC value of GLCM-Correlation was 0.75
(Figure 3). The AUC value, standard error, 95% CI, cutoft
point, sensitivity, and specificity of each feature are listed in
Table 5. In the validation group, Histo-Skewness from the
contrast-enhanced image represented better discriminative
performance with accuracy of 0.80, sensitivity of 0.93, and
specificity of 0.60. The accuracy, sensitivity, and specificity of
GLCM-Correlation from the contrast-enhanced image were
0.72, 0.80, and 0.60, respectively, suggesting that it also had
feasible ability in differentiation.

3.4. Relationship between MR Image Features and Texture
Features. We performed analysis on significantly different
MR image feature (signal intensity of the contrast-enhanced
image) and the two texture features which could be taken as
independent predictors (Histo-Skewness and GLCM-Cor-
relation from the contrast-enhanced image) to explore their
relationship. According to the Mann-Whitney U test, sig-
nificant differences were observed in both Histo-Skewness
and GLCM-Correlation on the contrast-enhanced image
(Supplementary Table 1). Subsequent ROC analysis dem-
onstrated that the AUC values of Histo-Skewness and
GLCM-Correlation on the contrast-enhanced image were
0.85 and 0.74, respectively, suggesting that these two texture
features were related to signal intensity on the contrast-
enhanced image (Figure 4). Detailed results, including p
value, AUC value, standard error, 95% CI, optimal cutoff
point, sensitivity, and specificity are summarized in Table 6.

4. Discussion

In the present study, we combined magnetic resonance scan
and texture analysis to differentiate pituitary adenoma from
Rathke cleft cyst. Besides, we also investigated the re-
lationship between MR image features and texture features.
To our best knowledge, texture analysis had never been
performed between these two types of lesions, making our
study to be the first one to establish the differences between
the two lesions macroscopically and microcosmically.
Magnetic resonance scan had long been recognized as
the most useful technique to distinguish pituitary adenoma
from Rathke cleft cyst. Thus, our study first evaluated the
ability of qualitative MR image features to discriminate these
two lesions. We found that signal intensity on the contrast-
enhanced image showed significant ability in discrimination.
To be more specific, pituitary adenoma was more likely to
show hyperintense on the contrast-enhanced image, while
Rathke cleft cyst rarely showed enhancement, which was
consistent with the previous studies [7, 20, 21]. However,
heterogeneity on the contrast-enhanced image did not differ
significantly between two lesions. A possible explanation for
this might be that the heterogeneity of Rathke cleft cyst could
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TaBLE 1: Characteristics of patients and lesions.

Characteristics Pituitary adenoma (n =83) Rathke cleft cyst (n=50)
Age (year), mean (range) 48.57 (18~73) 45.19 (21~68)
Gender

Male 39 23

Female 44 27
Tumor size (mm)

Mean + SD 25.72+9.01 21.14+7.91

Range 7~50.5 8~38.3
Tumor location

Intrasellar 26 15

Intrasellar and suprasellar 57 35
Days between MRI and surgery (day), mean (range) 13.87 (1~101) 15.02 (1~68)

MRI, magnetic resonance imaging; SD, standard deviation.

FI1GURE 1: Examples of pituitary adenoma and Rathke cleft cyst on the contrast-enhanced image and T2WI. (a) Typical pituitary adenoma.
(b) Typical Rathke cleft cyst. (c) Atypical pituitary adenoma (cystic pituitary adenoma after necrosis). (d) Atypical Rathke cleft cyst.

TaBLE 2: Differences of qualitative MR image features between pituitary adenoma and Rathke cleft cyst in the training group.

Qualitative MR image features Pituitary adenoma, N (%) (n =68) Rathke cleft cyst, N (%) (n=40) p value (<0.01)*
Flow voids

Presence 3(4) 2 (5) 0.866

Absence 65 (96) 38 (95) (Fisher’s exact tests)
Signal intensity on the contrast-enhanced images

Hypointense or isointense 3 (4) 30 (75) <0.001

Hyperintense 65 (96) 10 (25) (chi-square tests)
Heterogeneity on the contrast-enhanced images

Homogenous 34 (50) 25 (62.5) 0.208

Heterogeneous 34 (50) 15 (37.5) (chi-square tests)
Signal intensity on T2WI

Hypointense or isointense 35 (64) 14 (40) 0.028

Hyperintense 20 (36) 21 (60) (chi-square tests)
Heterogeneity on T2WI

Homogenous 27 (49) 20 (57) 0.456

Heterogeneous 28 (51) 15 (43) (chi-square tests)

MR, magnetic resonance; T2WI, T2-weighted image. *Correction adjusted level of significance p = 0.01.

be volatile arising from the variation of protein concen-  significant difference between two lesions, which might also
tration within the cystic fluid. On the other hand, signal  be arisen from the variable protein concentration within the
intensity and heterogeneity on T2WI did not show  cystic fluid of Rathke cleft cyst. Therefore, signal intensity on
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TasLE 3: Differences of texture features between pituitary adenoma and Rathke cleft cyst on the contrast-enhanced image and T2WI based
on the Mann-Whitney U test.

Texture feature, mean (range)

Contrast-enhanced image

T2WI

Pituitary adenoma Rathke cleft cyst Pituitary adenoma Rathke cleft cyst P
Histo
Energy 0.05 (0.02~0.14) 0.07 (0.03~0.13) <0.001 0.05 (0.03~0.13) 0.05 (0.02~0.14) 0.263
Entropy 1.42 (1.00~1.75) 1.33 (1.07~1.59) 0.002 1.40 (1.11~1.62) 1.45 (1.07~1.68) 0.078
Kurtosis 493 (1.70~4127)  8.82 (291~21.31) <0.001  6.07 (1.59~28.98)  5.40 (1.51~20.23)  0.599
Skewness 0.25 (-1.19~4.67) 1.25 (-1.72~3.23)  <0.001 0.27 (-2.87~3.34) -0.43 (-3.37~1.56) 0.004
GLCM
Correlation 0.58 (0.27~0.85)  0.44 (0.09~0.82)  <0.001  0.52 (0.11~0.89)  0.45 (-0.34~0.86)  0.173
Contrast 41.01 (6.64~161.70) 43.19 (4.54~154.60) 0.600 49.76 (11.81~146.29) 84.69 (9.40~717.59) 0.028
Dissimilarity 4.31 (1.66~9.10) 3.98 (1.39~8.74) 0.310 4.60 (2.25~8.63) 5.64 (1.852~22.209) 0.108
Energy 0.01 (0.00~0.03) 0.01 (0.00~0.04)  <0.001  0.01 (0.00~0.03) 0.01 (0.00~0.03)  0.566
Entropy 2.60 (1.76~3.08) 2.34 (1.87~2.85) <0.001 2.60 (1.91~3.00) 2.52 (1.85~2.98) 0.579
Homogeneity 0.30 (0.21~0.54)  0.40 (0.25~0.57)  0.001  0.30 (0.22~0.51) 0.34 (0.16~0.53)  0.984

T2WI, T2-weighted image; Histo, histogram-based matrix; GLCM, grey-level co-occurrence matrix.
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FIGURE 2: Boxplot of nine significantly different texture features in discriminating pituitary adenoma from Rathke cleft cyst. (a)~(h) Texture
features from the contrast-enhanced image; (i) texture features from T2WIL

TABLE 4: Binary logistic regression analysis on texture features.

Texture features OR 95% CI p value
Histo Skewness 0.352 0.166~0.748 0.007
Contrast-enhanced image Kurtosis 1.395 0.496~3.922 0.528
& GLCM Correlation 2.734 1.391~5.372 0.004
Dissimilarity 1.643 0.79~3.415 0.183

OR, odds ratio; CI, confidence interval; Histo, histogram-based matrix; GLCM, grey-level co-occurrence matrix.
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TaBLE 5: The diagnostic ability of independent predictors in discriminating pituitary adenoma from Rathke cleft cyst in the training group.

Texture features AUC Standard error 95% CI Cutoff point Sensitivity Specificity
Contrast-enhanced image
Histo-Skewness 0.80 0.056 0.707~0.867 1.005 97.06 67.50
GLCM-Correlation 0.75 0.053 0.655~0.827 0.450 85.29 58.97

Histo, histogram-based matrix; GLCM, grey-level co-occurrence matrix; AUC, area under the curve; CI, confidence interval.
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FIGURE 4: Relationship between MR image feature (signal intensity on the contrast-enhanced image) and texture features (Histo-Skewness

and GLCM-Correlation from the contrast-enhanced image).

TaBLE 6: The results of the receiver operating characteristics curve for relationship between MR image feature (signal intensity on the
contrast-enhanced image) and texture features from the contrast-enhanced image.

Texture features p value AUC Standard error 95% CI Cutoff point Sensitivity Specificity
Contrast-enhanced image
Histo-Skewness <0.0001 0.85 0.050 0.768~0.911 1.005 93.33 72.73
GLCM-Correlation <0.0001 0.74 0.059 0.649~0.822 0.450 85.33 68.75

Histo, histogram-based matrix; GLCM, grey-level co-occurrence matrix; AUC, area under the curve; CI, confidence interval.

the contrast-enhanced image could be taken as the most
valuable MR image feature in discrimination. However, the
descriptions of the above MR image features largely
depended on the experience of radiologists and were rela-
tively subjective, and the volatile signal in MR images of
Rathke cleft cyst made the situation confusing even for
experienced senior radiologists [8].

Texture analysis was a novel radiological tool which
could extract useful features from images and obtain
quantitative results by the software. Many studies had
demonstrated that texture analysis from MRI had promising
and practical ability in detection, differentiation, and
prognosis prediction of various types of tumors [22-26]. As
for brain tumors, it had been performed on glioma, me-
dulloblastoma, meningioma, and primary central nervous
system lymphoma [27-29]. However, it had never been
conducted in pituitary adenoma or Rathke cleft cyst, and the
previous studies which were usually limited by the number
of patients required statistical supplement [10, 13, 30, 31].
Our study was the first study to perform this technique in the

discrimination between pituitary adenoma and Rathke cleft
cyst. More importantly, our study had a relatively larger
sample size than earlier studies and obtained two in-
dependent predictors in differentiation through binary lo-
gistic regression analysis: Histo-Skewness and GLCM-
Correlation from the contrast-enhanced image. Histo-
Skewness, which measured the asymmetry of the grey-level
distribution in the histogram, was found higher in Rathke
cleft cyst; GLCM-Correlation, which reflected linear de-
pendency of grey-levels in GLCM, was found higher in
pituitary adenoma [32]. Moreover, Histo-Skewness from the
contrast-enhanced image whose AUC value was 0.80 had the
highest discriminatory power and could make practical
value. Thus, texture analysis which provided nonvisual in-
formation of the image could be a helpful tool to assist in
clinical diagnosis.

The relationship between two types of features was
analyzed, considering both features had promising ability in
discrimination. Many studies had implied that texture
features might be associated with histopathological



characteristics of the lesion, such as cellular density, het-
erogeneity, level of vascularization, and microstructural
changes [10, 27, 30, 32]. Meanwhile, the above factors could
contribute to MR features of the lesion to some extent.
Generally, pituitary adenoma with relatively high cellular
density typically showed solid characteristics and homoge-
neous enhancement, while Rathke cleft cyst presented with a
cystic lesion and lacked enhancing component, resulting from
no vascularization inside its cystic fluid. Therefore, we con-
ducted analysis to investigate the relationship between MR
image features and texture features. Encouragingly, sub-
sequent analysis proved our hypothesis, showing that both
Histo-Skewness and GLCM-Correlation were related to
signal intensity on the contrast-enhanced image. This result
proved the connection between MR image features and
texture features and indicated that our study was objective
and convincing, as we linked the two sets of features together.

Our study had several limitations. First, it was a retro-
spective, single-center study and patients with preoperative
MR scan were only included, and the selection bias was
enrolled inevitably. Second, we only analyzed texture fea-
tures extracted from Histogram-based matrix and GLCM,
which were the most common reported matrices in the
previous studies [24, 29, 30, 33]. Third, we were unable to
evaluate the value of texture analysis on conventional TIWI.
Forth, in this study, the two types of lesions which were all
screened from the neurosurgery department usually had
arisen mass effect, so they were relatively large in size.
Furthermore, four patients with prolactinoma received
bromocriptine before undergoing surgery in our neuro-
surgery department, which might have an uncertain effect
on MR features and texture features. However, we were
unable to illustrate its specific influence in the present study
due to the scarce information of patients and requirement of
ethics committee that only statistics in our neurosurgery
department were available for analysis, requiring future
study to explore the influence of preoperatory treatment.
Future studies on multiple centers and other matrices were
needed to validate our results and to investigate the value of
texture analysis in discrimination prospectively.

5. Conclusion

In conclusion, signal intensity on the contrast-enhanced image
was the most significant MR image feature in discrimination of
pituitary adenoma from Rathke cleft cyst. Moreover, the
texture analysis on the contrast-enhanced image, which could
reflect the MR image features, had the potential to be served as
radiomic parameters in differentiation.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards of

Contrast Media & Molecular Imaging

the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. In this retrospective study,
the institutional review board approved this retrospective
study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Yang Zhang, Chaoyue Chen, and Zerong Tian contributed
equally to this work.

Supplementary Materials

Supplementary Table 1: the results of the Mann-Whitney U
test for investigating the association between MR image
features (signal intensity on the contrast-enhanced image)
and texture features from the contrast-enhanced image.
(Supplementary Materials)

References

[1] B. W. Scheithauer, T. A. Gaffey, R. V. Lloyd et al., “Patho-
biology of pituitary adenomas and carcinomas,” Neurosur-
gery, vol. 59, pp. 341-353, 2006.

[2] C.T.Lim and M. Korbonits, “Update on the clinicopathology
of pituitary adenomas,” Endocrine Practice, vol. 24, no. 5,
pp. 473-488, 2018.

[3] R. Trifanescu, O. Ansorge, J. A. H. Wass, A. B. Grossman, and
N. Karavitaki, “Rathke’s cleft cysts,” Clinical Endocrinology,
vol. 76, no. 2, pp. 151-160, 2012.

[4] S.J.Han,].D. Rolston, A. Jahangiri, and M. K. Aghi, “Rathke’s
cleft cysts: review of natural history and surgical outcomes,”
Journal of Neuro-Oncology, vol. 117, no. 2, pp. 197-203, 2014.

[5] G. Zada, “Rathke cleft cysts: a review of clinical and surgical
management,” Neurosurgical Focus, vol. 31, no. 1, p. E1, 2011.

[6] M. E. Molitch, “Diagnosis and treatment of pituitary ade-
nomas,” JAMA, vol. 317, no. 5, pp. 516-524, 2017.

[7] J. L. Go and A. G. Rajamohan, “Imaging of the sella and
parasellar region,” Radiologic Clinics of North America,
vol. 55, no. 1, pp. 83-101, 2017.

[8] B. M. Chin, R. R. Orlandi, and R. H. Wiggins III, “Evaluation

of the sellar and parasellar regions,” Magnetic Resonance

Imaging Clinics of North America, vol. 20, no. 3, pp. 515-543,

2012.

P. Famini, M. M. Maya, and S. Melmed, “Pituitary magnetic

resonance imaging for sellar and parasellar masses: ten-year

experience in 2598 patients,” Journal of Clinical Endocrinology

& Metabolism, vol. 96, no. 6, pp. 1633-1641, 2011.

[10] Y. Lakhman, H. Veeraraghavan, J. Chaim et al., “Differenti-
ation of uterine leiomyosarcoma from atypical leiomyoma:
diagnostic accuracy of qualitative MR imaging features and
feasibility of texture analysis,” European Radiology, vol. 27,
no. 7, pp. 2903-2915, 2017.

[11] J.-H. Kim, E. S. Ko, Y. Lim et al., “Breast cancer heterogeneity:
MR imaging texture analysis and survival outcomes,” Radi-
ology, vol. 282, no. 3, pp. 665-675, 2017.

[12] E. S. Ko, J.-H. Kim, Y. Lim, B.-K. Han, E. Y. Cho, and
S.J. Nam, “Assessment of invasive breast cancer heterogeneity
using whole-tumor magnetic resonance imaging texture

[9


http://downloads.hindawi.com/journals/cmmi/2019/6584636.f1.docx

Contrast Media & Molecular Imaging

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

[26]

analysis: correlations with detailed pathological findings,”
Medicine, vol. 95, article e2453, 2016.

C. S. Lisson, C. G. Lisson, K. Flosdorf et al., “Diagnostic value
of MRI-based 3D texture analysis for tissue characterisation
and discrimination of low-grade chondrosarcoma from
enchondroma: a pilot study,” European Radiology, vol. 28,
no. 2, pp. 468-477, 2018.

X. Xu, X. Zhang, Q. Tian et al., “Three-dimensional texture
features from intensity and high-order derivative maps for the
discrimination between bladder tumors and wall tissues via
MRL,” International Journal of Computer Assisted Radiology
and Surgery, vol. 12, no. 4, pp. 645-656, 2017.

X.-K. Niu, Z.-F. Chen, L. Chen, J. Li, T. Peng, and X. Li,
“Clinical application of biparametric MRI texture analysis for
detection and evaluation of high-grade prostate cancer in
zone-specific regions,” American Journal of Roentgenology,
vol. 210, no. 3, pp. 549-556, 2018.

C. Nioche, F. Orlhac, S. Boughdad et al., “LIFEx: a freeware for
radiomic feature calculation in multimodality imaging to
accelerate advances in the characterization of tumor het-
erogeneity,” Cancer Research, vol. 78, no. 16, pp. 4786-4789,
2018.

H. Zhang, W. Li, F. Hu, Y. Sun, T. Hu, and T. Tong, “MR
texture analysis: potential imaging biomarker for predicting
the chemotherapeutic response of patients with colorectal
liver metastases,” Abdominal Radiology, vol. 44, no. 1,
pp. 65-71, 2019.

Y. Benjamini and Y. Hochberg, “Controlling the false dis-
covery rate: a practical and powerful approach to multiple
testing,” Journal of the Royal Statistical Society: Series B
(Methodological), vol. 57, no. 1, pp. 289-300, 1995.

A. Chalkidou, M. J. O'Doherty, and P. K. Marsden, “False
discovery rates in PET and CT studies with texture features: a
systematic review,” PLoS One, vol. 10, Article ID e0124165,
2015.

S. H. Choi, B. J. Kwon, D. G. Na, J.-H. Kim, M. H. Han, and
K.-H. Chang, “Pituitary adenoma, craniopharyngioma, and
Rathke cleft cyst involving both intrasellar and suprasellar
regions: differentiation using MRI,” Clinical Radiology,
vol. 62, no. 5, pp. 453-462, 2007.

D. P. Seeburg, M. H. G. Dremmen, and T. A. G. M. Huisman,
“Imaging of the sella and parasellar region in the pediatric
population,” Neuroimaging Clinics of North America, vol. 27,
no. 1, pp. 99-121, 2017.

A. Ditmer, B. Zhang, T. Shujaat et al., “Diagnostic accuracy of
MRI texture analysis for grading gliomas,” Journal of Neuro-
Oncology, vol. 140, no. 3, pp. 583-589, 2018.

S. Ramkumar, S. Ranjbar, S. Ning et al., “MRI-based texture
analysis to differentiate sinonasal squamous cell carcinoma
from inverted papilloma,” American Journal of Neuroradi-
ology, vol. 38, no. 5, pp. 1019-1025, 2017.

P. Yin, N. Mao, C. Zhao, J. Wu, L. Chen, and N. Hong, “A
triple-classification radiomics model for the differentiation of
primary chordoma, giant cell tumor, and metastatic tumor of
sacrum based on T2-weighted and contrast-enhanced T1-
weighted MRL” Journal of Magnetic Resonance Imaging,
vol. 49, no. 3, pp. 752-759, 2019.

A. Zeynalova, B. Kocak, E. S. Durmaz et al., “Preoperative
evaluation of tumour consistency in pituitary macro-
adenomas: a machine learning-based histogram analysis on
conventional T2-weighted MRI,” Neuroradiology, vol. 61,
no. 7, pp. 767-774, 2019.

V. Nardone, A. Reginelli, F. Scala et al., “Magnetic-resonance-
imaging texture analysis predicts early progression in rectal

(27]

(28]

(29]

(30]

(31]

(32]

(33]

cancer patients undergoing neoadjuvant chemoradiation,”
Gastroenterology Research and Practice, vol. 2019, Article ID
8505798, 8 pages, 2019.

Y. Lu, L. Liu, S. Luan, J. Xiong, D. Geng, and B. Yin, “The
diagnostic value of texture analysis in predicting WHO grades
of meningiomas based on ADC maps: an attempt using
decision tree and decision forest,” European Radiology,
vol. 29, no. 3, pp. 1318-1328, 2019.

P. Alcaide-Leon, P. Dufort, A. F. Geraldo et al., “Differenti-
ation of enhancing glioma and primary central nervous
system lymphoma by texture-based machine learning,”
American Journal of Neuroradiology, vol. 38, mno. 6,
pp. 1145-1150, 2017.

D. Rodriguez Gutierrez, A. Awwad, L. Meijer et al., “Metrics
and textural features of MRI diffusion to improve classifi-
cation of pediatric posterior fossa tumors,” American Journal
of Neuroradiology, vol. 35, no. 5, pp. 1009-1015, 2014.

N. Fujima, A. Homma, T. Harada et al., “The utility of MRI
histogram and texture analysis for the prediction of histo-
logical diagnosis in head and neck malignancies,” Cancer
Imaging, vol. 19, no. 5, 2019.

H. B. Suh, Y. S. Choi, S. Bae et al., “Primary central nervous
system lymphoma and atypical glioblastoma: differentiation
using radiomics approach,” European Radiology, vol. 28, no. 9,
pp. 3832-3839, 2018.

V. Nardone, P. Tini, C. Nioche et al., “Texture analysis as a
predictor of radiation-induced xerostomia in head and neck
patients undergoing IMRT,” La Radiologia Medica, vol. 123,
no. 6, pp. 415-423, 2018.

L. Gerges, D. Popiolek, and A. B. Rosenkrantz, “Explorative
investigation of whole-lesion histogram MRI metrics for
differentiating uterine leiomyomas and leiomyosarcomas,”
American Journal of Roentgenology, vol. 210, no. 5,
pp. 1172-1177, 2018.



