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Abstract

Purpose To determine whether synthetic MR imaging can distinguish between benign and malignant salivary gland lesions.
Methods The study population included 44 patients with 33 benign and 11 malignant salivary gland lesions. All MR imaging
was obtained using a 3 Tesla system. The QRAPMASTER pulse sequence was used to acquire images with four TI values
and two TE values, from which quantitative images of T1 and T2 relaxation times and proton density (PD) were generated.
The Mann—Whitney U test was used to compare T1, T2, PD, and ADC values among the subtypes of salivary gland lesions.
ROC analysis was used to evaluate diagnostic capability between malignant tumors (MTs) and either pleomorphic adenomas
(PAs) or Warthin tumors (WTs). We further calculated diagnostic accuracy for distinguishing malignant from benign lesions
when combining these parameters.

Results PAs demonstrated significantly higher T1, T2, PD, and ADC values than WTs (all p <0.001). Compared to MTs, PAs
had significantly higher T1, T2, and ADC values (all p <0.001), whereas WTs had significantly lower T1, T2, and PD values
(p<0.001, p=0.008, and p=0.003, respectively). T2 and ADC were most effective in differentiating between MTs and PAs
(AUC=0.928 and 0.939, respectively), and T1 and PD values for differentiating between MTs and WTs (AUC=0.915 and
0.833, respectively). Combining T1 with T2 or ADC achieved accuracy of 86.4% in distinguishing between malignant and
benign tumors. Similarly, combining PD with T2 or ADC reached accuracy of 86.4% for differentiating between malignant
and benign tumors.

Conclusions Utilizing a combination of synthetic MRI parameters may assist in differentiating malignant from benign
salivary gland lesions.
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Introduction

Salivary gland tumors present a unique diagnostic chal-
lenge due to their diverse histopathological characteristics.
Most of these lesions are benign, including pleomorphic
adenomas (PAs) and Warthin’s tumors (WTs), and each
have distinct clinical behaviors and treatment approaches
[1]. WTs are usually treated with enucleation or con-
servative management because of their low potential for
malignancy compared to PAs and malignant tumors (MTs)
[2]. For PAs, radical surgical excision to reduce the rate
of recurrence is the recommended treatment approach
[3]. In addition, the risk of malignant transformation in
PAs is 1.5% during the initial five years and PAs have
recurrence rates ranging from 6.7 to 45% [4]. In contrast,
total excision with radiotherapy is usually applied for
MTs, after which the facial nerve may be lost [5]. The
treatment of malignant salivary gland lesions requires
a diverse approach according to the tumor's histopatho-
logical characteristics and the patient's risk classification
[5]. For instance, high-grade tumors or those exhibiting
aggressive behavior, such as adenoid cystic carcinomas
and high-grade mucoepidermoid carcinomas, necessitate
more extensive surgical margins with neck dissection (or
irradiation). This is usually complemented by adjuvant
radiotherapy to reduce the risk of local recurrence. Addi-
tionally, based on the extent of disease progression, sys-
temic chemotherapy, including immunotherapy, may also
be selected. Conversely, low-grade tumors such as basal
cell adenocarcinomas and secretory carcinomas might
be managed effectively with surgery alone, given their
slower growth rate and lower metastatic potential. On the
other hand, the treatment of salivary gland lymphomas
depends on histology and staging of the disease. Treatment
modalities for salivary gland lymphomas include surgery,
radiation therapy, and chemotherapy, either alone or as a
multimodality treatment [6]. Accordingly, the distinction
between benign and malignant lesions and the accurate
diagnosis of various subtypes is crucial for appropriate
treatment planning.

Conventional MRI that employs T1-weighted and
T2-weighted images is commonly used to evaluate and
differentiate between various types of salivary gland
lesions [7-10]. Typically, benign tumors (BTs) appear
as well-circumscribed, smooth masses. In contrast, MTs
tend to have irregular or ill-defined margins with a ten-
dency to infiltrate adjacent structures, and they often dis-
play heterogeneous signal patterns on both T1-weighted
and T2-weighted images due to the presence of necrotic
or hemorrhagic areas [8, 11]. Both dynamic contrast-
enhanced MR imaging and apparent diffusion coefficient
(ADC) values derived from diffusion-weighted imaging
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(DWI) have also been reported as useful tools in diag-
nosing salivary gland lesions [12-15]. Rapid contrast
enhancement with a low washout ratio has been reported
as highly suggestive of malignancy [13], whereas WTs
show rapid contrast enhancement with a high washout
ratio and PAs show gradual, persistent enhancement [13].
ADC values of PAs on diffusion-weighted imaging (DWI)
have been reported to be significantly higher than those
of WTs or MTs [12, 15]. However, in both of these meth-
ods there are considerable overlaps between benign and
malignant lesions, and between subtypes of salivary gland
lesions [12, 14, 15].

Synthetic MRI is an innovative technique now introduced
into clinical practice that acquires multiple parameters in
a single scan, generating T1 and T2 relaxation times as
well as proton density (PD) maps [16]. The advantage of
this technology lies in its ability to provide high-precision
imaging data in a short time. Recent studies have reported
preliminary findings regarding the utility of quantitative
relaxation parameters derived from synthetic MRI in various
organs, including the brain [16], breast [17], prostate [18],
and rectum [19]. There have been no reports of utilizing
synthetic MRI for the diagnosis of salivary gland tumors.
This technique enables detailed capture of changes in tissue
microstructure and water content that can aid in differen-
tiating the subtypes and the malignancy of salivary gland
lesions. Moreover, combining these parameters may lead to
a deeper understanding of the histological and pathological
characteristics. We hypothesized that parameters derived
from synthetic MRI and their combinations could be useful
for differentiating salivary gland lesions. Therefore, the pur-
pose of this study was to determine whether the quantitative
parameters derived from synthetic MRI and their combina-
tion can assist in the diagnosis of salivary gland lesions.

Materials and methods
Patients

This retrospective study was approved by our institutional
ethics review board, and the requirement for patients’
informed consent was waived. A retrospective review of
the MR imaging database and clinical records of our radi-
ology department identified 108 consecutive patients who
had undergone pretreatment MR examination of the salivary
glands between March 2021 and September 2023. Among
these, 47 patients met the following inclusion criteria: (1)
synthetic MR images had been obtained, and (2) a patho-
logical diagnosis had been obtained by biopsy or surgical
resection. Two patients with predominantly cystic lesions
were excluded. Finally, 44 patients (26 men and 18 women,;
mean age, 62.5 years; age range, 22—88 years) with a total
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of 44 salivary gland lesions (41 parotid and 3 submandibu-
lar gland lesions) were included in this study. Among these
cases, 17 had undergone a biopsy prior to MRI imaging. The
final pathological confirmation of diagnoses was achieved
based on surgical specimens for 38 patients, while 6 patients
were diagnosed via biopsy. Of the 44 lesions, 33 were BTs
(12 PAs, 15 WTs, 3 basal cell adenomas, and 3 schwan-
nomas) and 11 were malignant (3 malignant lymphomas,
2 carcinoma ex pleomorphic adenomas, one adenoid cystic
carcinoma, one mucoepidermoid carcinoma, one squamous
cell carcinoma, one secretory carcinoma, one basal cell
adenocarcinoma, and one capicua transcriptional repressor
(CIC)-rearranged sarcoma).

MR imaging protocols and image processing

All MR examinations were conducted using a 3 Tesla system
(Ingenia 3.0 T; Philips Healthcare, Best, The Netherlands)
with a 20-channel standard phased-array head and neck coil.
To minimize motion artifacts, careful attention was given to
ensure patients’ comfort while positioned in the scanner, and
they were instructed on the importance of remaining still
during the scan. Additionally, the head was securely fixed
within the coil to prevent movement during the scan.

For the acquisition of synthetic MRI data to measure
relaxation times and PD, we used a two-dimensional axial
method with QRAPMASTER (quantification of relaxa-
tion times and proton density by multi-echo acquisition of
saturation-recovery using turbo spin-echo readout) pulse
sequence. Two echo times (TE, 13 ms and 100 ms) along
with four delay times (110/440/1210/2530 ms) were used
to generate eight actual and eight imaginary images. Other
parameters were as follows: repetition time (TR), 6100 ms;
flip angle, 90°; sensitivity encoding factor, 3; field of view
(FOV), 230 x 192 mm; matrix resolution, 512X 512; echo-
train length, 10; slice thickness and gap, 4 mm and 0.8 mm
respectively; 20 slices; and scan time, 5 min and 54 s. Quan-
tification map acquisition was performed with SyMRI soft-
ware (Version 19.3; SyMRI, Linkoping, Sweden).

DWI was also performed in the axial plane with a sin-
gle-shot spin-echo echo planar imaging sequence with
the following parameters: TR, 5000 ms; TE, 85 ms; FOV,
230 x 230 mm; matrix resolution, 120 X 120; slice thick-
ness, 4 mm; b values=0 and 800 (s/mmz); diffusion gradient
direction, 3; scan time, 2 min and 25 s. The ADC value was
calculated in a voxel-by-voxel manner by mono-exponential
fitting with the pair of b-values.

Quantitative analyses
T1, T2, PD, and ADC maps were measured by two radiolo-

gists with 22 and 5 years of radiology experience who were
blinded to the final pathological results. With reference to

the T1- and T2-weighted images, the mean values of T1,
T2, PD, and ADC in each lesion were measured within a
freehand region of interest (ROI) on the cross-sectional
area of the largest lesion. To avoid the influence of the par-
tial volume effect, the ROI was set slightly inside the mar-
gins of the lesion (Supplementary Fig.). Care was taken to
avoid cystic or necrotic areas within lesions. All synthetic
parameters were measured using the software (SyMRI ver-
sion 19.3, SyntheticMR, Linkoping, Sweden). ADC was
measured using a medical imaging system (SYNAPSE
SAI viewer version 2.2, Fujifilm Medical, Tokyo, Japan).
The mean value of the two radiologists was obtained as
the representative value of each lesion for all quantitative
variables.

Statistical analysis

Interobserver agreement for T1, T2, PD, and ADC measure-
ment was evaluated using intraclass correlation coefficient
(ICC) and Bland—-Altman plot. ICCs were considered to indi-
cate excellent agreement when > 0.74.

All continuous variables used in the analysis, except for
T1 and T2 values of PAs, were normally distributed accord-
ing to the Shapiro—Wilk test, however, T1 and T2 values
of PAs did not follow a normal distribution. Therefore, T1,
T2, PD, and ADC values of BTs and MTs were compared
using the Mann—Whitney U test. These parameters were also
compared among each subgroup using the Mann—Whitney U
test. ROC curve analysis was performed to evaluate the abil-
ity of each parameter to differentiate MTs from PAs or WTs.
For each parameter, optimal cutoff values were chosen using
a threshold criterion that maximized the Youden index. The
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy in differentiating MTs from
BTs were determined by combining the two most indicative
parameters, as suggested by the area under the ROC curve
(AUC) for differentiating MTs from PAs or WTs.

All data for continuous variables are presented as the
mean =+ standard deviation (SD). Values of p <0.05 with
Bonferroni correction were considered indicative of signifi-
cant difference. Statistical analyses were performed using
MedCalc version 19.4 (MedCalc Software, Mariakerke, Bel-
gium) and SPSS version 25.0 (SPSS, Chicago, IL).

Results

Interobserver agreement was excellent for all quantita-
tive measurements (Table 1). The Bland—Altman analyses
showed relatively small bias and 95% limits of agreement
for each quantitative parameter (Table 1).

@ Springer



Japanese Journal of Radiology

Table 1 Interobserver agreement

Quantitative param-  ICC Bland—Altman analysis (%)

eters

95% limits of

agreement

Bias Lower  Upper

T1 (ms) 0.99 (0.98,0.99) -51.22 -271.80 169.36
T2 (ms) 0.93 (0.87, 0.96) 3.64 —23.11 3041
PD (%) 0.90 (0.82, 0.94) 153 -573 879
ADC (x1073> mm?s) 0.98 (0.96, 0.99) 0.00 -0.19 0.20

ICC intraclass correlation coefficient, PD proton density, ADC appar-
ent diffusion coefficient

Numbers in parentheses are 95% confidence intervals

Synthetic MRI parameters and ADC values
for salivary gland lesions

T1, T2, PD, and ADC values for PAs, WTs, and MTs were
2270+ 670 ms, 118 +45 ms, 87 +7%, and 1.55+0.36x 107>
mm?/s; 1079 + 147 ms, 62 +4 ms, 74 +4%, and
0.85+0.14x 107> mm%/s; and 1512 +378 ms, 73 + 12 ms,
83 +7%, and 0.93 +0.22 x 10~ mm?/s, respectively. T1,
T2, PD, and ADC values for all BTs were 1708 + 754 ms,

94 +44 ms, 81 +8%, and 1.26 +0.50 x 10~> mm?/s, respec-
tively (Table 2).

Comparison of parameters among subtypes
of salivary gland lesions

No significant difference was observed between BTs and
MTs for any parameter (all p > 0.05). PAs demonstrated
significantly higher T1, T2, PD, and ADC values than
WTs (all p<0.001). To differentiate PAs from WAs, AUC
values for T1, T2, PD, and ADC were 1.000 with 95%
CI of 0.872-1.000, 1.000 with 95% CI of 0.872-1.000,
0.928 with 95% CI of 0.760-0.991, and 1.000 with 95%
CI of 0.872-1.000, and the optimal threshold values
were < 1317 ms, <69 ms, <78%, and < 1.033x 10> mm?/s,
respectively. Compared to MTs, PAs had significantly higher
T1, T2, and ADC values (all p<0.001), whereas WTs
had significantly lower T1, T2, and PD values (p <0.001,
p=0.008, and p=0.003, respectively) (Table 2). T2 and
ADC values performed the best in differentiating between
MTs and PAs (AUC=0.928 with 95% CI of 0.740-0.994
and 0.939 with 95% CI of 0.756-0.996, respectively). T1 and
PD values performed the best in differentiating between MTs
and WTs (AUC=0.915 with 95% CI of 0.738-0.988 and

Table 2 Comparison of MR parameters between benign and malignant salivary gland lesions

Parameters MTs (n=11) AllBTs (n=33) p* (MTs PAs (n=12) p* (MTsvs.PAs) WTs(n=15) p* (MTs vs. WTs)
vs. all
BTs)

T1 relaxation time (ms) 1512+378 1708 +754 0.936 2270+ 670 <0.001 1079 + 147 <0.001

T2 relaxation time (ms) 73 +12 94 +44 0.376 118 +45 <0.001 62+4 0.008

Proton density (%) 83+7 81+8 0.831 87+7 0.079 74+4 0.003

ADC (x 1073 mm?s) 0.93+0.22 1.26+0.50 0.057 1.55+0.36 <0.001 0.85+0.14 0.540

ADC apparent diffusion coefficient, MTs malignant tumors, BTs benign tumors, PAs pleomorphic adenomas, W7s Warthin tumors

#Comparisons with malignant lesions were assessed using the Mann—Whitney U test

Fig. 1 Receiver-operating
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Fig.2 Scatterplots of T1 versus T2 (a), T1 versus ADC (b), proton
density versus T2 (c¢), and proton density versus ADC (d) of various
salivary gland lesions. Values of pleomorphic adenoma tend to clus-
ter in the areas of high T1, T2, and ADC. Values of Warthin tumors

0.833 with 95% CI of 0.638-0.949, respectively) (Fig. 1).
The T1, T2, PD, and ADC values for each tumor type are
plotted in Fig. 2. PAs typically had high T1, T2, PD, and
ADC values; in contrast, WTs had low T1, T2, PD, and ADC
values. Most MTs had lower T2 and ADC values compared
to PAs, and higher T1 and PD values compared to WTs.

Combination of parameters for differentiating
between MTs and BTs

The combination of T1 (> 1317 ms) with T2 (<83 ms) or
ADC (<1.08x 107> mm?%/s) achieved accuracy of 86.4%
in distinguishing between MTs and BTs. Similarly, the
combination of PD (>78%) with T2 (<83 ms) or ADC
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tend to cluster in the areas of low T1, T2, and ADC. Values of malig-
nant lesions tend to cluster in areas of low T2 and ADC compared to
those of pleomorphic adenomas, and of high T1 compared to those of
Warthin tumors

(<1.08 x 10~ mm?/s) reached accuracy of 86.4% in differ-
entiating between MTs and BTs (Table 3).

Representative salivary gland lesions are shown in
Figs. 3,4 and 5.

Discussion

The major findings of the present study are that PAs dem-
onstrated significantly higher T2 and ADC values compared
to MTs and WTs, and that WTs had significantly lower T1
and PD values compared to MTs. Moreover, the combina-
tion of T1 with T2 or ADC, and of PD with T2 or ADC,
achieved accuracy of 84.4% and 86.7%, respectively, in dif-
ferentiating MTs from BTs. The present findings suggest that
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Table 3 Performance of combinations of MR parameters in diagnosing malignant salivary gland lesions

Parameters Threshold criterion Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
T1+T2 T1>1317 ms, T2<83 ms 63.6 93.9 77.8 88.6 86.4
T1+ADC T1>1317 ms, ADC <1.08 x 107> mm%/s 63.6 93.9 77.8 88.6 86.4
PD+T2 PD>78%, T2 <83 ms 63.6 93.9 77.8 88.6 86.4
PD+ ADC PD>78%, ADC<1.08x 107> mm?/s 63.6 93.9 77.8 88.6 86.4

PD proton density, ADC apparent diffusion coefficient, PPV positive predictive value, NPV negative predictive value

Fig.3 A 49-year-old adenoma.

female
T2-weighted image (a) shows a lesion with higher signal intensity
(arrow) relative to parenchyma in the adjacent right parotid gland.
Apparent diffusion coefficient (ADC) (b), T1 (c¢), T2 (d), and PD (e)

with  pleomorphic

quantitative parameters derived from synthetic MRI can con-
tribute to the accurate diagnosis of salivary gland lesions.
Synthetic MRI is increasingly being utilized in diag-
nosing various organ conditions. Quantitative parameters
such as T1, T2, and PD values derived from synthetic MRI
have been found to be effective in differentiation between
benign and malignant lesions [17, 18, 20, 21], histological
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maps show the lesion, which has a mean ADC value of 1.49x 1073
mm?/s, mean T1 value of 2520 ms, mean T2 value of 103 ms, and
mean PD value of 89%

grading [22], and prognosis prediction [23]. In addition to
their known efficacy in evaluating myocardial tissues, the
application of T1 values has recently been expanded beyond
cardiovascular imaging [24-27]. It has been reported that
the T1 values of malignant lesions are lower than those of
benign lesions and normal tissues in nasopharyngeal [24],
thyroid [25], liver [26], and prostate lesions [18, 27]. This
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Fig.4 A 65-year-old female with Warthin tumor. T2-weighted image
(a) shows a lesion with lower signal intensity (arrows) relative to
parenchyma in the adjacent left parotid gland. Apparent diffusion

difference could be attributed to the increased parenchymal
tissue, narrowed extracellular space, and reduced free water
content typically found in malignant tumors. The present
results demonstrated that MTs had significantly lower T1
values than those of PAs, and that WTs had lower T1 val-
ues than those of PAs and MTs, consistent with the find-
ings of a recent report [28]. Another recent report [4] has
demonstrated that signal intensity of WTs on T1-weighted
images was significantly higher than those of PAs and MTs,
which also supports our results. Despite the benign nature
of WTs, these lesions exhibited the lowest T1 values, which
is probably associated with their abundant lymphocytes and
lymphoid interstitium. The microcystic components in WTs
that contain accumulations of proteinaceous fluid along with
foamy cells, red blood cells, and neutrophils [29-31] could
further contribute to the decreased T1 values. Significant
differences in T1 values were observed between the sub-
types of salivary gland lesions, suggesting the potential of
this parameter as a quantitative imaging biomarker of the

1000 (ms)

coefficient (ADC) (b), T1 (c¢), T2 (d), and PD (e) maps show the
lesion, which has a mean ADC value of 0.83 x 10~ mm?/s, mean T1
value of 926 ms, mean T2 value of 62 ms, and mean PD value of 73%

physical properties of tissue in diagnosing salivary gland
lesions.

T2 mapping, which was applied initially for studies of
osteoarthritis [32] and myocardial edema [33], has recently
been adopted for tumor studies. This technique is especially
effective in improving characterization of liver [34] and
breast tumors [35, 36]. In the present study, PAs exhibited
significantly higher T2 values compared to both MTs and
WTs, whereas there was no significant difference in T2 val-
ues between MTs and WTs. These findings are consistent
with previous reports [37, 38]. PAs exhibited the highest T2
values, which could be related to their abundant stroma such
as mucinous-like, myxoid, and chondroid matrices with a
high content of free water molecules. The wide range of T2
values observed in PAs could also be linked to the variable
proportions of mucinous-like tissue within these tumors.

PD imaging derived from synthetic MRI has shown sig-
nificant potential in the qualitative diagnosis of lesions. It
has been reported that PD values derived from synthetic
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Fig.5 A 72-year-old female with carcinoma ex pleomorphic ade-
noma. T2-weighted image (a) shows a lesion with lower signal inten-
sity (arrows) relative to parenchyma in the adjacent right parotid
gland. Apparent diffusion coefficient (ADC) (b), T1 (¢), T2 (d),

MRI are lower in malignant lesions than benign lesions
in the breast [21] and in lymph nodes [39]. The poorer
the tumor differentiation, the lower the PD value in rectal
cancer [23] and head and neck squamous cell carcinomas
[40, 41]. In our study, PD values were significantly lower
in WTs than in both PAs and MTs. The PD values mainly
correlate with the concentration of water protons (mobile
hydrogen atoms) within each voxel of tissue [42, 43]. The
high cellular density within WT lesions, primarily due to
abundant lymphocytes, lead to a narrowed extracellular
space and reduced free water content. Therefore, PD val-
ues in WTs were significantly lower compared to other
salivary gland lesions, highlighting the distinctive cellular
composition of these tumors. PD value may be a reliable
predictor to distinguish WTs from other salivary gland
lesions. This study is the first investigation of the potential
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and PD (e) maps show the lesion, which has a mean ADC value of
0.77x1073 mmZ/s, mean T1 value of 1869 ms, mean T2 value of
92 ms, and mean PD value of 86%

of PD for diagnosing salivary gland lesions, paving the
way for future research in this area.

By integrating various imaging parameters derived
from synthetic MRI, our approach provides a comprehen-
sive assessment of the microenvironment of the tumor.
This multi-faceted analysis offers valuable insights into
the tumor’s cellular structure and tissue composition, ena-
bling more accurate differentiation between benign and
malignant lesions [21, 39]. In our study, the integration of
parameters derived from synthetic MRI and ADC achieved
high accuracy in differentiating MTs from BTs, due to the
efficient capture of histological characteristics of PAs and
WTs through the combined use of T1, T2, and PD values,
and was effective in the differentiation of salivary gland
tumors. The increased diagnostic accuracy afforded by
multiparametric methods can significantly improve treat-
ment planning and provide the basis for more tailored
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and more effective therapeutic strategies. This approach
represents a substantial advancement in the field of sali-
vary gland tumor diagnosis, potentially resulting in bet-
ter outcomes for patients through more informed clinical
decision-making. Furthermore, the methodology employed
in this study acquires multiple parameters in a short time
and eliminates the need for contrast agents, and is there-
fore both time- and cost-effective.

The major limitations of this study are its retrospective
study design and the relatively small number of malig-
nant lesions. In addition, the salivary gland malignancies
include malignant lymphomas and sarcomas while benign
tumors include schwannomas. These differ from the tissue
types originating from salivary gland tissue, which may
result in heterogeneous data. To validate our results, it
will be essential to conduct a prospective study structured
to include a more extensive case collection encompassing
a broader spectrum of tumor types of salivary gland ori-
gin. Moreover, as this research was conducted at a single
center, it is crucial to contrast and corroborate our findings
with those from various institutions, ideally in a large mul-
ticenter study. Variability in equipment, vendors, and MRI
settings can notably influence the quantitative measures
evaluated in this study. Another limitation of our study
is the absence of direct comparisons between parameters
obtained from synthetic MRI and findings from conven-
tional MRI studies. Future investigations should involve a
larger number of cases to compare the diagnostic capabili-
ties of the methods reported previously with those identi-
fied in this study. Additionally, among the cases included
in our study, 17 had undergone a biopsy prior to MRI
imaging. This could be a potential limitation of our study.
However, the ROIs for our analysis were carefully selected
to include areas with minimal degenerative changes.
Therefore, we believe that the impact of prior biopsies on
our findings is limited. Finally, measuring all parameters
within a ROI (avoiding obvious cystic or necrotic areas)
might have introduced selection bias and affected the con-
sistent acquisition of reliable values for each parameter.

In conclusion, quantitative parameters derived from
synthetic MRI were significantly different among MTs,
PAs, and WTs. These parameters and their combination
can help diagnose such lesions, including differentiation of
malignant from benign lesions. These findings offer valu-
able insights for accurate tumor characterization and are
clinically relevant in terms of aiding in early diagnosis and
developing tailored treatment strategies.
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