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Predicting Subtype of Growth Hormone Pituitary Adenoma
based on Magnetic Resonance Imaging Characteristics
Chen-Xi Liu, MD,* Sheng-Zhong Wang, MD,† Li-Jun Heng, MD, PhD,‡ Yu Han, MD,* Yu-Hui Ma, MD,*
Lin-Feng Yan, MD, PhD,* Ying Yu, MD,* Wen Wang, MD, PhD,*

Yu-Chuan Hu, MD,* and Guang-Bin Cui, MD, PhD*
Purpose: This study aimed to investigate the value ofmagnetic resonance
(MR) characteristics in differentiating the subtypes of growth hormone
pituitary adenomas.
Materials and Methods: The clinical and MR imaging data of 70 pa-
tients with growth hormone pituitary adenoma confirmed by surgery and
pathology were retrospectively analyzed. The tumors were divided into
dense granular (DG; 36 cases) and sparse granular subtypes (SG; 34 cases).
The tumors' MR featureswere analyzed, including the mean and maximum
diameters, T2 signal intensity, T2 relative signal intensity (rSI), homogene-
ity, enhancement degree, and invasiveness (Knosp grade). Mann-Whitney
U test and χ2 test were used to analyze MR characteristics between the 2
groups. The independent predictors and predictive probabilities of tumor
subtypes were obtained via a logistic regression model, and the efficacy
was compared by receiver operating characteristic curve.
Results: The mean and maximum diameters of growth hormone ade-
noma in DG and SG were 1.77 versus 2.45 and 1.95 versus 3.00 cm
(median, P < 0.05), respectively. There was a significant difference between
the 2 groups in T2 signal intensity and rSI (P values were 0.02 and 0.001,
respectively). Most DG adenomas (86.1%) appeared as hypointense on T2
images, and 38.2% of SG adenomaswere hyperintense. Therewas no signif-
icant difference in tumor homogeneity (P = 0.622). A significant difference
was found in the Knosp grade between the 2 subtypes (P = 0.004). In addi-
tion, the enhancement degree of SG adenomas was significantly higher than
that of DG adenomas (P = 0.001). Logistic regression analysis showed that
high T2 rSI value and marked contrast enhancement were independent pre-
dictors of the 2 subtypes, and the odds ratios were 4.811 and 4.649, respec-
tively. The multivariate logistic model obtained relatively high predicting ef-
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ficacy, and the area under the curve, sensitivity, and specificity were 0.765,
0.882, and 0.500, respectively.
Conclusions: There are significant differences in tumor size, T2 signal
intensity, T2 rSI, enhancement degree, and invasiveness between DG and
SG adenomas. The logistic model based on the marked contrast enhance-
ment and high T2 rSI value has an important value in predicting the sub-
type of growth hormone adenoma.

Key Words: growth hormone pituitary adenoma, pathological subtype,
magnetic resonance imaging, logistic regression model

(J Comput Assist Tomogr 2022;46: 124–130)

A s the leading cause of acromegaly, growth hormone (GH) pi-
tuitary adenomas have a high incidence, secondary only to

nonfunctioning pituitary adenomas and prolactinomas.1 Accord-
ing to the granulation morphology, they are divided into densely
granulated (DG) and sparsely granulated (SG) adenomas.2 Sur-
gery is currently the primary treatment of GH adenomas.3,4 Com-
pared with DG somatotroph adenomas, SG adenomas are larger,
are more invasive, and have a worse prognosis.5,6 The aforemen-
tioned characteristics are closely related to the choice of surgical
approach and scope of resection for GH adenomas and may affect
the outcome of surgery.7,8 Therefore, it is useful to accurately pre-
dict the subtypes of GH adenomas before surgery.

At present, the diagnosis and evaluation of pituitary tumors
mainly relies onmagnetic resonance imaging (MRI). Previous stud-
ies have confirmed that magnetic resonance (MR) signal can reflect
GH adenoma histological characteristics, and the T2 signal in-
tensity is significantly related to its histological subtypes.9–11

On T2-weighted imaging (T2WI), most DG adenomas show
low signal intensity, whereas SG adenomas show high signal in-
tensity and are more aggressive and larger in size.12,13 However,
the aforementioned studies are based on a single T2 sequence,
which may not fully reflect the characteristics of GH adenoma
subtypes. As far as we know, there is no related research on the
combination of multisequence MRI for differentiating the sub-
types of GH adenomas.

The present study aimed to explore the MRI characteristics of
GH adenomas and determine the potential value of multisequence
MRI in predicting the GH adenoma subtypes.

SUBJECTS AND METHODS

Patients
This retrospective single-center study was approved by the

local ethics committee, and informed consent was waived accord-
ing to its retrospective nature. This study was conducted in accor-
dance with the Declaration of Helsinki.

Between October 2015 and January 2021, 70 patients with
GH pituitary adenomas were included in this study. Pituitary pro-
tocolmultisequenceMRI was performed in all patients. The inclu-
sion criteria were as follows: (a) patients with GH pituitary ade-
noma proved by pathological analysis and the subtypes confirmed
ut Assist Tomogr • Volume 46, Number 1, January/February 2022
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by immunohistochemical staining, and (b) patients with baseline
pituitary MR images, including the contrast-enhanced sequence.
The exclusion criteria were as follows: (a) patients with drug ther-
apy or radiotherapy before surgery and (b) poor image quality or
obvious artifact.

MRI and Image Analysis
All preoperative MRI examinations were performed using a

3.0-T whole-body system (MR750; GE Healthcare, Milwaukee,
Wisconsin) with a 40-mT/m maximum gradient capability and a
standard receive-only head coil. Pituitary MRI protocols included
precontrast coronal T1-weighted imaging (repetition time [TR]/
echo time [TE], 441 ms/minimum; field of view [FOV], 220 mm;
matrix size, 288 � 224; number of excitation [NEX], 4; slice thick-
ness, 1.6 mm; gap, 0.3 mm), coronal T2WI (TR/TE, 441 ms/mini-
mum; FOV, 220mm;matrix size, 288� 224;NEX, 4; slice thickness,
1.6mm; gap, 0.3mm), sagittal T2WI (TR/TE, 4312ms/115ms; FOV,
220 mm; matrix size, 288 � 224; NEX, 4; slice thickness, 1.6 mm;
gap, 0.3 mm). Subsequently, coronal and sagittal contrast-enhanced
T1-weighted imaging (imaging parameters were the same as pre-
contrast sequences) were obtained 3 minutes, 16 seconds after intra-
venous bolus injection of 0.1 mmol/kg bodyweight of gadodiamide
(Omniscan; GE Healthcare, Co, Cork, Ireland) at a rate of 0.2 mL/s.

All image data were stored in DICOM format after the
anonymization process. The images of all cases were analyzed
by 2 radiologists. The observers were told before the review that
the patients had pituitary adenoma, but they were blinded to the
definite histological subtypes. If the interpretation results were in-
consistent, the 2 observers were agreed upon after negotiation.

The multisequence MR images were analyzed to determine
the tumor size, homogeneity, T2 signal intensity, T2 relative signal
intensity (rSI), contrast enhancement, and invasiveness (Knosp
grade). The parameters are defined as follows: (1) tumor size:
we defined the horizontal (a) and height (b) diameters of the tu-
mor on the maximal coronal section, and the anteroposterior di-
ameter measured as (c) in the maximal transverse axial plane.
Then the mean diameter was calculated by (a + b + c)/3 and
choose the longest diameter of a, b, and c as maximum diameter.
(2) Homogeneity: the homogeneity was recorded as almost homo-
geneous or heterogeneous based on T2 and signal intensity
change compared between precontrast and postcontrast MR im-
ages, and heterogeneous was further subclassified as cystic necro-
sis and hemorrhage. (3) T2 signal intensity: the visual assessment
method was used to determine the T2 signal intensity of each ad-
enoma relative to the surrounding tissues, with the gray matter as
the control tissue. An adenoma may appear as hypointense (signal
lower than gray matter) or hyperintense (signal higher than gray
matter). (4) T2 rSI: measure the rSI of the adenoma on an oval re-
gion of interest, which was placed in the solid part of the tumor on
the coronal T2WI where the tumor appeared largest, avoiding
large vessels, and hemorrhagic, cystic, and necrotic areas. Then,
the T2 rSI value is calculated by the ratio of tumor SI to normal
frontal lobe gray matter SI.14 (5) Enhancement degree: the degree
of tumor contrast enhancement was scored as mild or moderate
(enhancement degree of tumor solid portion is significantly lower
than that of the blood pool), and marked contrast enhancement
(enhancement degree of tumor solid portion is close to that of
the blood vessel). (6) Invasiveness: the invasion of surrounding
tissues was evaluated based onKnosp grade.15 To facilitate assess-
ment, we simplified them into 3 categories, which correspond to
Knosp grades 0–1, 2–3, and 4, respectively.

Statistics Analysis
SPSS 20.0 program (SPSS forWindows; SPSS Inc, Chicago,

Illinois) was used for data analysis. The quantitative data were
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
expressed as mean ± SD, and the qualitative data were expressed
as rate or percentage. The χ2 test was used to compare the differ-
ences of sex, clinical manifestation, tumor size, homogeneity, and
signal intensity between the 2 groups. Mann-Whitney U test was
used to determine the differences of independent continuous vari-
ables between groups. Cohen κ coefficient with 95% confidence in-
terval was used to assess the level of agreement in MR qualitative
parameters between the 2 readers, and κ values were interpreted
as follows: poor, 0.00–0.20; fair, 0.21–0.40; moderate, 0.41–0.60;
good, 0.61–0.80; and excellent, 0.81–1.00. Taking the score corre-
sponding to the statistically significant features as the independent
variable and group of the DG or SG adenomas as the dependent
variable, the binary logistic regression analysis was conducted,
and the regression model was established. The receiver operating
characteristic curve analysis was carried out for each single factor
parameter, and the predicted probability value of the regression
model, and the area under the curve (AUC), sensitivity, and speci-
ficity were calculated. P < 0.05 was statistically significant.

RESULTS

Demographic Characteristics
Table 1 exhibits the baseline characteristics of 70 GH adeno-

mas, including36DG(21men, 15women;mean age, 42±12years)
and 34SGadenomas (11men, 23women;mean age, 40±12years).
There was a significant difference in sex (P = 0.029), but no signif-
icant difference in age (P = 0.306) and clinical manifestations
(P = 0.135). The major clinical features of the patients included
headache (19 of 36 DG and 20 of 34 SG patients), acromegaly
(13 of 36 DG and 14 of 34 SG patients), and no symptom in 4
DG patients (11.1%).

Comparison of MRI Features Between the DG and
SG Groups

Table 2 and Figures 1 and 2 show the MRI features of DG
and SG adenomas. Overall, multiple parameters demonstrated
significant differences between the 2 subtypes of GH adenomas
(all P < 0.05).

Themean andmaximum diameters of SG (2.45 and 3.00 cm)
were larger than those in DG adenomas (1.77 and 1.95 cm). Of the
36 patients with DG adenomas, 31 of 36 DG adenomas appeared
hyperintense, whereas only 21 of 34 SG adenomas appeared hyper-
intense on T2WI. Similarly, the T2 rSI value was less than 1 in 30
(83.3%) DG and 16 (47.1%) SG tumors. As for the enhancement
degree, 21 (58.3%) DG adenomas demonstrated mild or moderate
enhancement; however, marked enhancement was found in 27
(79.4%) of SG adenomas. In addition, low Knosp grade (grade
0–1) was mainly found in DG adenomas (17; 47.2%), and Knosp
grade 2–3 was demonstrated in 16 (44.4%) DG and 18 (52.9%)
SG adenomas; only 3 DG and 11 SG adenomaswere Knosp grade
4.With regard to the homogeneity, no significant differences were
found between the 2 subtypes (P = 0.622).

In addition, Cohen κ coefficients were calculated to evaluate
the reliability of the MR qualitative variables. Cohen κ coeffi-
cients were 1.000, 0.861, 0.912, and 0.712 between the 2 readers
for homogeneity, T2 signal intensity, contrast enhancement, and
Knosp grade, respectively (Supplemental Table 1, http://links.
lww.com/RCT/A127).

Multivariate Analysis for Differentiating Subtypes
of GH Pituitary Adenomas

Statistically significant indicators after univariate analysis,
such as sex, maximum tumor diameter, T2 signal intensity, T2
rSI, contrast enhancement, and Knosp grade, were included in
www.jcat.org 125
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TABLE 1. Demographic Characteristics of 70 Patients With GH
Pituitary Adenoma

Variable
DG

(n = 36)
SG

(n = 34) t/χ2 P

Age, mean ± SD, y 42 ± 12 40 ± 12 37.640 0.306
Sex (M/F) 21/15 11/23 4.756 0.029
Clinical
manifestations, n (%)

4.009 0.135

Headache 19 (52.8) 20 (58.8)
Acromegaly 13 (36.1) 14 (41.2)
None 4 (11.1) 0 (0)
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the logistic regression analysis. The results showed that only the
high T2 rSI (β = 1.571; odds ratio, 4.811; P = 0.008) and the
marked contrast enhancement (β = 1.537; odds ratio, 4.649;
P = 0.007) were independent predictors of pituitary adenoma sub-
types (Table 3). In other words, for high T2 rSI value (>1) and
marked contrast enhancement, the odds of SG adenomas are
4.811 and 4.649 times, respectively.
TABLE 2. Comparison of MRI Features Between DG and SG GH Pit

Variable DG (n = 36)

Tumor size, median (IQR), cm
Mean diameter 1.767 (1.308–2.433)
Mean diameter

<1.5 13 (37.1)
1.5–2.2 10 (28.6)
>2.2 12 (34.3)

Maximum diameter 1.950 (1.500–2.850)
Maximum diameter

<1.6 19 (52.8)
1.6–2.3 10 (17.8)
>2.3 7 (19.4)

Homogeneity, n (%)
Homogeneous 18 (50)
Heterogeneous 18 (50)

Cystic necrosis 12 (33.3)
Hemorrhage 6 (16.7)

T2 signal intensity, n (%)
Hypointense 31 (86.1)
Hyperintense 5 (13.9)

T2 rSI, n (%)
<1 30 (83.3)
>1 6 (16.7)

Contrast enhancement, n (%)
Mild-moderate 21 (58.3)
Marked 15 (41.7)

Knosp grade, n (%)
0–1 17 (47.2)
2–3 16 (44.4)
4 3 (8.3)

*Comparisons between groups using the Mann-Whitney U test.

IQR indicates interquartile range.
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Efficacy Analysis for Logistic RegressionModel and
Univariate MR Features

Based on the predictive probability values derived from the
logistic regression model and univariate MR features for differen-
tiating the subtypes of GH pituitary adenomas, receiver operating
characteristic analysis was performed (Fig. 3). The logistic regression
model demonstrated relatively high predicting efficacy, and theAUC,
sensitivity, and specificity were 0.765, 0.882, and 0.500, respectively
(Table 4).

DISCUSSION
The subtypes and invasiveness of GH adenomas are closely

related to its surgical planning. For example, complete resection
in invasive macroadenomas with high Knosp grades means
greater surgical risk, so when adenomas invade the lateral com-
partment of the cavernous sinus, the surgeons should avoid this
specific region where the cranial nerves reside.16 In addition, for
invasive adenomas, an aggressive approach into the cavernous sinus
is required by using a magnification device or intraoperative imag-
ing for radical resection of the tumor.17 Meanwhile, compared with
SG adenomas, DG adenoma has a significantly higher remission
rate in response to medical therapy with somatostatin analogs.18

However, the subtypes cannot be evaluated preoperatively and can
uitary Adenomas

SG (n = 34) z/χ2 P

2.450 (1.725–2.792) 2.104 0.035*
6.507 0.039

6 (17.6)
6 (17.6)
22 (64.7)

3.000 (1.975–3.325) 2.523 0.012*
6.050 0.049

9 (26.5)
12 (35.3)
13 (38.2)

0.243 0.622
19 (55.9)
15 (44.1) 0.000 1.000
10 (29.4)
5 (14.7)

5.426 0.020
21 (61.8)
13 (38.2)

10.212 0.001
16 (47.1)
18 (52.9)

10.380 0.001
7 (20.6)
27 (79.4)

11.187 0.004
5 (14.7)
18 (52.9)
11 (32.3)

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. A 53-year-old man with DG adenoma, presenting with a headache. Coronal T1 (A), T2 (B), and contrast-enhanced T1-weighted
images (C) reveal a homogeneousmass in the sellar region, which appeared as isointense on T1 and slightly hypointense on T2 images, with
mild enhancement after contrast enhancement and Knosp grade 0. D, Electron microscopy shows that round secretory granules of varying
sizes are seen in the tumor cytoplasm (arrows), and most of the tumor cells have more secretory granules (�20,000).
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only be confirmed by histopathology after an operation. Besides,
there are few reports on the comprehensive evaluation of GH pitu-
itary adenomas by combining multiple MR features.19,20

This study analyzed the value of multisequence MRI in
predicting the subtypes of GH adenomas. Significant differences
were found in tumor size, T2 signal intensity, T2 rSI, enhancement
degree, and invasiveness between DG and SG adenomas. In addi-
tion, high T2 rSI value and marked contrast enhancement were in-
dependent predictors based on a logistic regression model, with
high efficacy in differentiating 2 subtypes of GH adenomas. This
model offers promising value in the preoperative subtyping of GH
adenomaswith implications for treatment planning.Meanwhile, the
multivariate regression model has an important value in predicting
GH adenoma subtypes.
FIGURE2. A 33-year-oldwomanwith SG adenoma, presentingwith a he
images (C) reveal a homogeneous mass in the sellar region, which appe
marked enhancement after contrast enhancement and Knosp grade 3 (
granules of varying sizes are seen in the tumor cytoplasm (arrows), and

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
In this study, most patients with GH adenoma had headache
symptoms, but there was no significant statistical difference be-
tween DG and SG patients, which is consistent with previous re-
search.21 Growth hormone and prolactin are closely related to
headaches in patients with hormone-secreting pituitary adeno-
mas,22 which may be the leading cause of headache in patients
with pituitary adenoma. Also, our results show that acromegaly
is another primary clinical manifestation in patients with GH ade-
nomas, which is related to the GH secretion by the adenomas. In
our study group, DG was more common in men, whereas SG
was more common in women. Although there was no statistically
significant difference in the onset age between the 2 subtypes, the
age of SG was slightly lower than that of DG patients, which is
consistent with the previous studies.1,23
adache. Coronal T1 (A), T2 (B), and contrast-enhanced T1-weighted
ared as isointense on T1 and hyperintense on T2 images, with
right). D, Electron microscopy shows that a few round secretory
most of the tumor cells have few secretory granules (15,000 �).
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TABLE 3. Multivariable Logistic Regression Model in Predicting
the Subtypes of GH Pituitary Adenoma

Variable β SE OR (95% CI) P

High T2 rSI (>1) 1.571 0.596 4.811 (1.495–15.485) 0.008
Marked enhancement 1.537 0.573 4.649 (1.511–14.299) 0.007

CI indicates confidence interval; OR, odds ratio.

TABLE 4. Efficacy Analysis of Multivariable Logistic Regression
Model and Univariate MR Features in Differentiating the
Subtypes of GH Pituitary Adenoma

Variable AUC (95% CI) Sensitivity Specificity

Predictive model 0.765 (0.653–0.876) 0.882 0.500
Maximum diameter 0.672 (0.544–0.800) 0.676 0.667
T2 signal intensity 0.622 (0.489–0.754) 0.794 0.583
T2 rSI 0.681 (0.554–0.809) 0.382 0.861
Contrast enhancement 0.689 (0.563–0.815) 0.529 0.833
Knosp grade 0.712 (0.592–0.833) 0.853 0.472

CI indicates confidence interval.
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The invasiveness of pituitary adenoma is closely related to its
size, determining the clinical surgical plan and prognosis.24,25 Pre-
vious studies have shown that GH adenomas' volume or diameter
is closely associated with its pathological subtypes.26 This study
confirms that the mean diameter and maximum diameter of SG
adenomas are significantly larger than that of DG adenomas, con-
sistent with previous research.27 Similarly, this study reveals that
DG adenomas are mostly low-invasive tumors (Knosp grade 0–1),
whereas Knosp grade 4 is mainly found in SG adenomas. There-
fore, compared with DG adenoma, SG adenoma has a higher
Knosp grade or invasiveness. A recent study show that the differen-
tial proteins of SG adenoma mainly enrich the invasion and prolif-
eration functions at the proteome level, and cadherin-1 and catenin
β-1 play a critical role in the different biological features of the 2
adenoma subtypes,28 which may potentially explain why these 2
subtypes have different invasiveness.

T2 signal intensity is closely related to the histological character-
istics of GH adenomas.9–11,29 On T2WI, most DG adenomas appear
hypointense, whereas most SG adenomas appear hyperintense.30–32

At the same time, our research has obtained similar results: most
DG adenomas (86.1%) appeared as hypointense on T2 images,
FIGURE 3. Receiver operating characteristic curve of multivariate logistic
adenoma subtypes. Multivariate logistic model yields relatively high pred
0.882, and 0.500, respectively. Figure 3 can be viewed online in color a

128 www.jcat.org
and 38.2% of the SG adenomas were hyperintense. Compared
with visual evaluation, quantitative T2 rSI can more objectively
reflect the difference in tumor signal intensity. This study shows
that the T2 rSI value of SG adenomas is usually larger than 1,
reflecting its hyperintense in visual evaluation. Although the path-
ophysiological mechanism of the relationship between T2 signal
and the pathological subtype of GH adenomas is not fully under-
stood, a low T2 signal is associated with high collagen content
within tumors.33 In addition, the difference in secreted granules
may affect T2 signal, and DG adenomas contain a large number
of secretory granules, which may be the main reason for low
T2 signal.34

At present, few studies have reported on the contrast enhance-
ment characteristics of GH adenoma subtypes. This study found a
significant difference between the 2 subtypes, with DG adenomas
enhancing less avidly than SG adenomas. The enhancement degree
regression model and univariate MR parameters in predicting GH
icting efficacy, and the AUC, sensitivity, and specificity are 0.765,
t www.jcat.org.
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of most DG adenomas was lower than that of SG adenomas. Histo-
logically, the pituitary has a unique acinar structure composed of
hard reticulin. Invasive adenomas may destroy their reticulin wall,35

allowing more contrast to leak into the tumor and thus resulting in
more avid enhancement. In addition, the microvessel density of pi-
tuitary adenomas is closely related to tumor invasiveness.36,37 The
invasiveness of DG adenomas is lower than that of SG adenomas,
and the microvessel density of SG adenoma tissue is correspond-
ingly higher. These may lead to a more significant contrast en-
hancement in SG adenomas.

There were several limitations of this study. First, we calcu-
lated rSI value by drawing the region of interest of focal tumor
areas, which could introduce sampling bias. Second, the sample
size was relatively small. Further study with a large number of
GH adenoma patients for elucidating this research question
is warranted.

In conclusion, MR characteristics vary between DG and SG
GH-secreting pituitary adenoma subtypes. We present a multivar-
iate logistic model based on the enhancement degree and T2 rSI,
which offers promise for preoperative GH adenoma subtyping.
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