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Abstract

Purpose To explore the value of Diffusion kurtosis imaging (DKI) with multiple quantitative parameters in predicting
microsatellite instability (MSI) status in endometrial carcinoma (EC).

Methods Data of 38 patients with EC were retrospectively analyzed, including 12 MSI and 26 microsatellite stability
(MSS). All patients underwent preoperative 1.5T MR examination. The quantitative values of the DKI sequence in the tumor
parenchyma of the two groups, including mean kurtosis (MK), axial kurtosis (Ka), radial kurtosis (Kr), fractional anisotropy
(FA), fractional anisotropy of kurtosis (FAk), mean diffusivity (MD), axial diffusivity (Da), and radial diffusivity (Dr) were
measured by two observers, respectively.

Results The MK, Ka, Kr, FA, FAk, MD, Da, and Dr values of the MSI group were 1.074 + 0.162, 1.253 + 0.229,
0.886 + 0.205, 0.207 + 0.041, 0.397 + 0.129, 0.890 + 0.158 pm*/ms, 1.083 + 0.218 pm?*/ms, and 0.793 + 0.133 pm?/
ms, and 0.956 (0.889,1.002), 1.048 + 0.211, 0.831 + 0.099, 0.188 + 0.061, 0.334 (0.241,0.410), 1.043 + 0.217 pm?/ms,
1.235 + 0.229 pm?*/ms, and 0.946 + 0.215 pm?/ms in the MSS group. The MK and Ka values of the MSI group were higher
than those of the MSS group (P<0.05), while the MD and Dr values were lower than those of the MSS group (P<0.05).
The AUC of MK, Ka, MD, and Dr values in predicting MSI status of EC was 0.763, 0.729, 0.731, 0.748, respectively. The
sensitivity was 58.3%, 50.0%, 65.4%, 61.5%, and the specificity was 96.2%, 92.3%, 75.0%, 83.3%, respectively.
Conclusion DKI can provide multiple quantitative parameters for predicting the MSI status of EC, and assist gynecologist
to optimize the treatment plan for the patients.
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Introduction

Microsatellite instability (MSI), which results from the
failure of mismatch repair (MMR) proteins to fix a DNA
replication error, causes insertions, mismatches, or dele-
tions during the DNA replication process, thus having an
essential role in maintaining the stability of the genome
and regulating gene expression [1-3]. MSI is considered
as one of the pathogenesis of endometrial carcinoma
(EC) [4]. Assessing the MSI status of EC can help evalu-
ate cancer prognosis, judge the effect of immunosuppres-
sive therapy, screen Lynch syndrome (LS) related cases
[5, 6]. It provides a reasonable basis for the implementa-
tion of personalized precision treatment for patients with
EC. Currently, immunohistochemistry is considered the
most common method to determine the MSI status of EC,
including the expression of four mismatch repair proteins
in tumor tissues such as MLH-1, MSH-2, MSH-6, and
PMS-2 [7]. Yet, this method is usually performed after
surgery.

The detection of MSI status in EC has become crucial
ever since anti-PD-1 monoclonal antibody pembrolizumab
was authorized for the treatment of MSI solid tumors [8].
Immune checkpoint inhibitors might offer better clinical
outcome over chemotherapy in frontline treatment for
advanced endometrial cancer identified as MSI-high [9],
thus, evaluation of MSI status is of importance to plan
the therapy schema in the beginning. The MSI status has
been more and more valued in clinical practice, and the
National Comprehensive Cancer Network (NCCN) [10]
and European Society for Medical Oncology (ESMO) [11]
guidelines both have recommended testing MSI status in
all EC patients.

The use of magnetic resonance imaging (MRI) related
techniques can be used to predict the MSI status of EC
before surgery. For example, Bhosale et al. have suggested
that the standard ADC value and D value of intravoxel
incoherent motion (IVIM) sequences within a small field
of view (FOV) can reflect the MSI status of stage I EC
[12]. Moreover, Ahmed et al. [13] found a higher T1 sig-
nal intensity ratio in EC patients with MSI compared to
those with microsatellite stability (MSS). The diffusion
kurtosis imaging (DKI) sequence is an extension of the
diffusion-weighted imaging (DWI) and the diffusion tensor
imaging (DTI) sequence. It is based on the non-Gaussian
distribution model of water molecules. The DKI sequence
can more accurately reflect the changes in the microen-
vironment in the tissue, quantify the deviation of water
molecules caused by non-Gaussian dispersion [14-16],
and provide multiple quantitative parameters.

This study aimed to explore the value of multiple quan-
titative parameters of DKI sequence in predicting MSI

status of EC to provide new ideas for non-invasive preop-
erative diagnosis in predicting MSI status and expanding
the application of DKI sequence for uterine diseases.

Materials and methods
Patients

Data from patients with EC confirmed by surgical pathology
were retrospectively analyzed from January 2018 to April
2020. The inclusion criteria were as follows: (1) primary EC
confirmed by postoperative pathology; (2) MRI examina-
tion was performed in our hospital within 2 weeks before
the surgery; the scanning sequences contained DKI; (3) no
radiotherapy, chemotherapy, and other treatments (includ-
ing curettage and biopsy) before the examination; (4) with
complete pathological data, and the immunohistochemical
analysis indexes included four proteins: MLH-1, MSH-2,
MSH-6, and PMS-2. The expression of all four proteins was
defined as MSS (any positive nuclear staining), otherwise, as
MSI (negative nuclear staining of tumor cells). The exclu-
sion criteria were as follows: (1) with drastic imaging arti-
fact which affected the observation of the lesion and the data
measurement; (2) the maximum diameter of the lesion was <
1.0 cm, which could not be clearly displayed in DKI derived
parameter images or draw the regions of interest (ROIs).

This retrospective study was approved by the institutional
review board, and informed consent was waived.

Inspection method

The American GE Signa HDxt 1.5T MR superconducting
scanner was used, with body 8-channel phased-array coils.
The patients were placed in a supine position for scanning.
Before the scan, patients refrained from eating, and they
drank moderate water to fill the bladder. Also, patients wear-
ing the birth control ring needed to remove the ring one
day before the examination. The main scan sequence and
parameter settings were as follows: axial T, WI sequence:
TR/TE = 400/8.0 ms, matrix = 320 X 192, number of excita-
tions (NEX) = 2.0, FOV =40 cm X 40 cm, scanning time
was about 1'40"; axial T,WI sequence: TR/TE = 4000/125
ms, matrix = 320 X 192, NEX = 4.0, FOV =40 cm X 40 cm,
scanning time was about 2'23"; axial DKI sequence: using
single excited spin-echo plane echo (SE-EPI) sequence,
TR/TE = 3000/98 ms, matrix = 128 x 128, NEX = 2.0,
FOV = 32 cm X 32 cm, with 0, 1000 s/mm?, and 2000 s/
mm? of b values. The diffusion gradient was applied in 30
orthogonal directions, and the scanning time was about 3'.
The above sequence layer was 0.5 cm thick and 0.1 cm apart.
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Image analysis and data measurement

General information, such as the pathological type, patho-
logical grade, and clinical stage of the lesion, were recorded
by a radiologist (observer 1 with 5 years of MR diagnosis
experience). The DKI image data were transmitted to the
AW4.6 workstation (company information or cite related ref-
erence). Then, observer 1 and another radiologist (observer
2, with 10 years of MR diagnosis experience) completed
the data measurement without knowing the patient’s clinical
and pathological diagnosis results. The workstation Func-
tion software package was used to post-process the original
DKI images to obtain pseudo-color images of mean kur-
tosis (MK), axial kurtosis (Ka), radial kurtosis (Kr), and
fractional anisotropy (FA), fractional anisotropy of kurtosis
(FAk), mean diffusivity (MD), axial diffusivity (Da), and
radial diffusivity (Dr) (Figs. 1, 2).

Referring to the T,WI images, the largest section of the
lesion and its upper and lower 1-2 levels were selected. The
ROIs were manually drawn in the tumor parenchymal area.
The ROIs encompassed as much solid area of the tumor
as possible, avoiding the areas of necrosis, hemorrhage,
and cystic degeneration (hyperintensity on T,WI images)
and appropriately avoiding the lesion’s edge. Eight types of
images could be arbitrarily switched when the ROIs were
fixed, ensuring that the ROI could be placed on the same
level and position of various pseudo-color images. The aver-
age value of ROI was taken as each DKI parameter value.

Statistical analysis

SPSS 17.0 software was adopted for statistical analysis.
Kolmogorov—Smirnov was used to test whether data con-
formed to the normal distribution. Those that accorded to
the normal distribution were represented by x+s, and those
that conformed to the skew distribution were represented
by the median (P25, P75). The Chi-square test and Fisher
exact test were used to compare the pathological types
(high and low-risk) and clinical stages (early and late) of
the two groups of cases. Intra-class correlation coefficients
(ICC) were used to test the inter-reader agreement of the
lesions’ measurement results in two groups by the two
observers. ICC < 0.40 indicates poor inter-reader agree-
ment, 0.40 < ICC < 0.75 indicates moderate agreement,
ICC > 0.75 means good agreement. The average of the
results of two observers was taken for subsequent analy-
sis. The independent-sample #-test (normal distribution) or
Mann-Whitney U test (skew distribution) was used to com-
pare the differences between the parameter values of the
two groups. The difference was considered as statistically
significant at P<0.05. The receiver operator characteristic
(ROC) curve was used to analyze the diagnostic efficiency
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and the best diagnostic threshold of different parameters.
The area under curve (AUC) was calculated, as well as the
corresponding sensitivity and specificity.

Results
Patient characteristics

There were 38 patients (12 MSI cases and 26 MMS cases
according to the immunohistochemical results) who were
finally eligible for the study. The main clinical manifesta-
tions of premenopausal patients included increased men-
strual flow and irregular menstruation; while that of post-
menopausal patients included irregular vaginal bleeding.

The patient demographics and tumor characteristics of
the study were shown in Table 1. Among the 12 MSI cases,
the mean age was 64.1 + 9.8 years (range 47-82 years).
There were five patients with high-risk tumor types (3 poorly
differentiated endometrioid adenocarcinoma, 1 serous car-
cinoma, and 1 case of dedifferentiated carcinoma) and 7
patients with a low-risk type (6 moderately differentiated
endometrioid adenocarcinoma and 1 well-differentiated
endometrioid adenocarcinoma). Clinical stages included 8
early-stage (6 Ia stage, 2 Ib stage) cases and 4 advanced
stage cases (1 II stage, 3 III stage) cases. There were 2 pre-
menopausal patients and 10 postmenopausal patients.

Among the 26 cases of MMS, the mean age was
56.7 + 12.8 years (range 38-78 years). There were three
patients with high-risk tumor types (2 poorly differentiated
endometrioid adenocarcinoma, 1 serous carcinoma) and 23
low-risk tumor types (21 moderately differentiated endome-
trioid adenocarcinoma and 2 well-differentiated endometri-
oid adenocarcinomas). Clinical staging included 21 cases
with an early-stage tumor (15 Ia stage, 6 Ib stage) and 5
cases with late-stage tumor (3 II stage, 2 III stage). There
were 12 premenopausal patients and 14 postmenopausal
patients.

There was no significant difference in age, tumor patho-
logical type, clinical stages, and menopausal status between
MMS and MSI groups, and the P value was 0.086, 0.081,
0.423, and 0.147, respectively.

The inter-reader agreement test
of the measurement results between the two
observers

The inter-reader agreement test results of the parameters
between the two groups by the two observers were shown in
Table 2, and the inter-reader agreement of the data in each
group was very good (ICC > 0.75).
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Fig.1 A 51-year-old patient with poorly differentiated EC. a The
lesion is showed on T2WI (yellow arrow). b-i The pseudo-color
images of MK, Ka, Kr, FA, FAk, MD, Da, and Dr of the DKI
sequence. Their quantitative values are 1.295, 1.525, 1.115, 0.168,

0.355, 0.673 pm*/ms, 0.786 pm*ms, and 0.616 pm>/ms, respectively.
j—m Immunohistochemical staining, loss of expression of MLH-1 (j),
loss of expression of PMS-2 (k), strong staining of MSH-2 (1), loss of
expression of MSH-6 (m).
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Fig.2 A 36-year-old patient with median-high differentiated EC.
a The lesion is showed on T2WI (yellow arrow). b-i The pseudo-
color images of MK, Ka, Kr, FA, FAk, MD, Da, and Dr of the DKI
sequence. Their quantitative values are 0.903, 1.05, 0.791, 0.177,
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0.337, 1.125 pmz/ms, 1.32 pm2/ms, and 1.024 pmzlms, respectively.
j-m Immunohistochemical staining, showing strong staining of
MLH-1 (j), strong staining of PMS-2 (k), strong staining of MSH-2
(1), strong staining of MSH-6 (m).
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Table 1 Patient demographics and tumor characteristics

MSI group MSS group P value
n=12) (n=26)
Age (years) 64.1 £9.8 56.7 +12.8 0.086
Tumor type 0.081
High-risk 5 3
Low-risk 7 23
Clinical stage* 0.423
Early-stage 8 21
Advanced stage 4 5
Menopausal status 0.147
Premenopausal 2 12
Postmenopausal 10 14

*Early-stage includes Ia stage and Ib stage, advanced stage includes II
stage and III stage

Comparison of DKI parameters between the two
groups

The parameter values and results comparison between the
MSI group and the MSS group were shown in Table 3. The
MD and Dr values of the MSI group were smaller than
those in the MSS group, while the MK and Ka values were
greater than those in the MSS group. The differences were
statistically significant (P < 0.05). There was no statistical
difference in Kr, FA, FAk, and Da values between the two
groups (P > 0.05).

Efficacy of various parameters to diagnose MSI of EC
and their comparison results

The parameters of the DKI sequence to identify the AUC of
the two groups, the threshold, sensitivity, and specificity of
predicting MSI status of EC are shown in Table 4; the ROC
curve is presented in Fig. 3.

Table 2 The inter-reader

agreement test results of each
parameter measured by two
observers

MSI group (n=12)

MSS group (n=26)

Observer 1 Observer 2 ICC  Observer 1 Observer 2 ICC
MK 1.076 +0.148 1.072 £ 0.179 0.976 0.954 (0.865,0.993) 0.936 +0.128 0.938
Ka 1.244 +£0.214 1.262 +£0.249 0.970 1.040 = 0.221 1.056 £ 0.210 0.956
Kr 0.890 + 0.203 0.881 +£0.209 0.986 0.824 + 0.109 0.838 £ 0.106 0.823
FA 0.195 (0.171,0.216) 0.212 +£0.039 0.935 0.178 (0.153,0.211) 0.188 £ 0.063 0.948
FAk 0.391 £ 0.126 0.403 £0.136 0.965 0.352 +0.156 0.336 +£ 0.146  0.925
MD (pm*ms) 0.881 + 0.156 0.900 +£0.165 0.973 1.042 +0.228 1.044 £ 0.221 0.933
Da (um*ms)  1.067 + 0.220 1.099 + 0.222 0.970 1.233 +0.245 1.237 +£0.232 0917
Dr (um*ms)  0.787 +0.128 0.800 +£0.141 0.971 0.946 + 0.224 0.947 £ 0.219 0.941

MSI microsatellite instability, MSS microsatellite stability, MK mean kurtosis, Ka axial kurtosis, Kr radial
kurtosis, FA fractional anisotropy, FAk fractional anisotropy of kurtosis, MD mean diffusivity, Da axial
diffusivity, Dr radial diffusivity, /CC intra-class correlation coefficients, ICC < 0.40 indicates poor inter-

Table 3 The parameter values
and results comparison between
the two groups of cases

reader agreement, 0.40 < ICC < 0.75 indicates moderate agreement, ICC > 0.75 means good agreement;

MSI group (n=12) MSS group (n=26) Statistical value P-value
MK 1.074 + 0.162 0.956 (0.889,1.002) —-2.576" 0.010
Ka 1.253 +0.229 1.048 + 0.211 2.710 0.010
Kr 0.886 + 0.205 0.831 + 0.099 1.128 0.267
FA 0.207 + 0.041 0.188 + 0.061 0.987 0.330
FAk 0.397 + 0.129 0.334 (0.241, 0.410) - 11317 0.258
MD (um?*/ms) 0.890 + 0.158 1.043 +0.217 -2.178 0.036
Da (pm?*/ms) 1.083 +0.218 1.235 +0.229 -1.933 0.061
Dr (um?*ms) 0.793 £ 0.133 0.946 +0.215 —2.261 0.030

MSI microsatellite instability, MSS microsatellite stability, MK mean kurtosis, Ka axial kurtosis, Kr radial
kurtosis, FA fractional anisotropy, FAk fractional anisotropy of kurtosis, MD mean diffusivity, Da axial dif-
fusivity, Dr radial diffusivity.

*is Z value, the rest is ¢ value, Significant correlation at 0.05 levels
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Table4 AUC, threshold,

s oo AUC (95% confidence interval) Threshold Sensitivity (%) Specificity (%)
sensitivity, and specificity of
each parameter MK 0.763 (0.579 ~ 0.946) 1.078 58.3 96.2
Ka 0.729 (0.550 ~ 0.909) 1.298 50.0 92.3
MD 0.731 (0.566 ~ 0.896) 0.992 pm?/ms 65.4 75.0
Dr 0.748 (0.588 ~ 0.909) 0.891 pm?/ms 61.5 83.3

AUC area under the curve, MK mean kurtosis, Ka axial kurtosis, MD mean diffusivity, Dr radial diffusivity.
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Fig.3 ROC curve of MK, Ka, MD, and Dr value for predicting MSI
status of EC. AUC is 0.763, 0.729, 0.731, and 0.748, respectively.

Discussion

Microsatellite instability (MS) is one of the criteria for
molecular classification of EC by the Cancer Genome Atlas
(TCGA) [17]. Prediction of MSI status before surgery can
predict patients’ prognosis with EC more accurately, thus
providing a basis for the subsequent traditional adjuvant
therapy or the introduction of future immune and targeted
therapy.

MSI is closely related to the occurrence of Lynch syn-
drome (LS). Patients with LS have a significantly increased
risk of developing colorectal cancer, ovarian cancer, and EC.
EC usually occurs before other tumors and is considered the
“sentinel Cancer” of LS patients. [18, 19]. Therefore, close
monitoring of patients with MSI status of EC diagnosed with
LS may contribute to early detection, prevention, and treat-
ment of other related cancers.

In evaluating the curative effect, relevant clinical stud-
ies have shown that tumors expressing PD-L1a have a
significant response to PD-1/PD-L1 immunotherapy. The
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expression level of PD-L1 protein in MSI tumors is signifi-
cantly higher than that in MSS tumors [20]. Therefore, it is
believed that by evaluating MSI status in EC patients, doc-
tors might accurately predict the clinical efficacy of PD-1/
PD-L1 immunotherapy. Yet, the relationship between MSI
and the prognosis of EC is still controversial. Some studies
advocate that EC with MSI status may have a higher patho-
logical grade, deeper myometrial invasion, and a greater pos-
sibility of involvement of cervical and lymph nodes [21],
thus suggesting poor prognosis. Nevertheless, other studies
propose that MSI is an indicator of EC’s good prognosis
[22]. The inconsistencies between those studies may be
related to the small sample size, the difference in detection
methods of MSI, as well as the difference in the number
of microsatellites analyzed and the number of specific sites
selected. Overall, there is a certain correlation between MSI
status and the prognosis of EC.

DKl is a non-enhanced MR imaging that does not require
contrast agents. It can be used to accurately reflect the non-
Gaussian distribution and diffusion state of water molecules
in biological tissues and the microstructure’s complexity of
the tissue [23]. The application of the DKI sequence to EC
has been previously reported. Yamada et al. [24] found that
the MK and MD values of the DKI sequence can quanti-
tatively evaluate deep myometrial infiltration and lymph
node metastasis of EC and have a certain correlation with
the histological grade of EC. Yue et al. [25] compared the
differences between DWI and DKI sequence parameters in
distinguishing histological grading of EC and found that
compared with DWI sequence, the mathematical model of
DKI sequence was more complete, and the parameters were
more sensitive. In other studies, DKI histogram analysis was
used to evaluate the depth of myometrial invasion, histo-
logical grade, and lymph node metastasis of EC [26, 27],
the results suggested that the histogram of DKI parameters
were able to predict the deep myometrial invasion, identified
metastatic lymph node, evaluate tumor grade, and reached a
satisfied performance.

The use of quantitative parameters of DKI sequence to
assess MSI status in EC has not yet been reported. In this
study, the inter-reader agreement of data measurement in
each group was very good (ICC > 0.75), thus suggesting
that DKI parameters’ measurement is highly repeatable and
stable.
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The MK value is a representative parameter of the DKI
sequence, representing the average value of diffusion kur-
tosis in all spatial directions [28]. It does not depend on the
spatial orientation of the tissue structure and can truly reflect
the degree of deviation between the diffusion displacement
of water molecules in Gaussian distribution and the diffu-
sion displacement of real water molecules in the tissue. Its
magnitude is positively correlated with the complexity of
the organizational structure in the ROI [29]. The Ka value
represents the average kurtosis value along the diffusion
tensor’s long axis, and the Kr value represents the average
kurtosis value perpendicular to the long axis of the diffu-
sion tensor [30]. Both of them are also proportional to tissue
complexity. Our results showed that the MK and Ka values
of EC in the MSI group (1.074 + 0.162, 1.253 + 0.229) were
higher than those in the MSS group (0.956 (0.889,1.002),
1.048 + 0.211). Previous studies have suggested more lym-
phocytic infiltration [31] and undifferentiated compound
accumulation [32] in tumor tissues of MSI-related EC,
which may increase the microenvironment’s complexity dif-
fusion of water molecules. In addition, the results of Trava-
glino et al. [33] suggested that the frequency of high-risk
pathological cases in MSI-related EC was higher, which is
consistent with the results of this study. The high-risk patho-
logical type of EC has more active tumor cell proliferation,
more vigorous tumor growth, and more abundant neovas-
cularization [34, 35], which further increase the microenvi-
ronment’s heterogeneity and complexity for water molecule
diffusion in MSI-related EC.

The traditional ADC value is based on the assumption
that water diffusion follows Gaussian behavior, that is, water
molecules can diffuse without any restriction. However, in
alive tissue, diffusion is usually limited by the microstruc-
ture of the organization, which means it exhibits a non-
Gaussian phenomenon [36]. The parameter diffusion rate
of non-Gaussian diffusion distribution theory can reflect the
diffusion of water molecules in tumor tissues. MD value
is the ADC value corrected by non-Gaussian distribution,
reflecting the diffusion level and diffusion resistance of the
molecule, so it is more accurate to express the movement of
water molecules in living tissues [37]. Da value represents
the diffusion coefficient of water molecules in the main dif-
fusion direction, and Dr value the average of all diffusion
coefficients perpendicular to the main diffusion direction.
Both of them are proportional to the degree of freedom of
movement in water molecules [38]. In this study, the MD
and Dr values in the MSI group were lower than those of the
MSS group. As the activity and ability of tumor cell prolifer-
ation of MSI-related EC are higher than that of MSS-related
EC, and there are more lymphocytes and other substances
infiltrating tumor tissue, it is speculated that the tumor cells
of MSI-related EC are more compactly arranged, the extra-
cellular space is smaller, and the degree of water molecule

diffusion is more restricted, which can lead to the decrease
of MD and Dr values. Bhosale et al. [12] used small-field
IVIM to predict the MSI status of stage I EC and found that
the ADC value of MSI-related EC (0.787 x 10 mm?/s) was
lower than that of MSS (1.021 x 10 mm?/s), which was
similar to the results of this study.

The FA value reflects the degree of anisotropy of the
movement of water molecules in the tissue. It is closely
related to the integrity of the tissue fiber bundle and the
consistency of the direction [39]. The FAk value is similar
to the FA value, representing the anisotropy between the
diffusion kurtosis values in the three axial directions of
the diffusion tensor [40]. In this study, there was no sig-
nificant difference in FA and FAk values between the two
groups. Similar results were obtained in previous studies
on evaluating low-grade glioma and the prediction of sur-
vival of high-grade gliomas by DKI [41, 42]. The value of
FA and FAKk in evaluating the MSI status of EC needs to
be further explored. At the same time, it should be pointed
out that the values of MK, Ka, MD, and Dr in this study
are moderately effective in predicting MSI status of EC
(0.7 < AUC < 0.8), with low sensitivity but high specific-
ity, mainly due to the small number of cases.

This study has a few limitations. First, the number
of cases is relatively small (especially the MSI group).
In addition, no further grouping was made according to
tumor stage, pathological grade, and classification, which
may cause bias in some results. The above factors might
impede to accurately assess the performance of DKI
parameters in predicting the MS status in EC. However, as
a preliminary study, the results of this study revealed the
potential of DKI parameters to be a non-invasive method
for preoperative detection of MSI status, which is of great
clinical significance. Moreover, a further multicenter
study with larger cohort or a prospective study is warrant,
that investigate and verify the value of DKI parameters
in the prediction of MS status of EC in different groups
of histologic feature and different clinical characteristics.
Second, the ROIs were placed in the parenchymal area
of EC, which may ignore part of the tumor heterogeneity
information because it does not contain the entire area.
Previous studies also commonly adopted this ROIs place-
ment method, however, whole tumor region may provide
more information. Therefore, the ROIs should include the
whole tumor areas in the further study, and the texture of
DKI images should be analyzed.

In conclusion, as non-enhanced functional imaging of
MR, DKI can provide multiple quantitative parameters
for non-invasive prediction of MSI status of EC, such as
MK, Ka, MD, and Dr. As a non-invasive examination, DKI
enables the patient to avoid the collateral injury caused
by biopsy. Furthermore, DKI exam can obtain the timely
results preoperatively instead of waiting for pathologic
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confirmation. For the patients evaluated as suspected MSI
could receive the timely specific therapy targeting the MSI
to enhance the prognosis, that can provide the important
reference for gynecologist to develop the optimal treat-
ment plan and monitor the MSI status.
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