
Observational Study

1

Medicine®
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Abstract 
This study aims to explore the value of MRI intravoxel incoherent motion (IVIM) combined with T2 mapping in predicting the 
malignancy of endometriosis (EM) and construct a noninvasive preoperative risk assessment model. A retrospective analysis was 
conducted on 156 patients with pathologically confirmed EM or endometriosis - associated ovarian cancer, who were divided into 
the benign group (102 cases) and the malignant transformation group (54 cases). Two observers independently measured the 
IVIM parameters (D, D*, f) and T2 values to construct single-parameter and multi-parameter joint models. The receiver operator 
characteristic curve was used to evaluate the diagnostic efficacy, and logistic regression was used to analyze the independent 
predictors. The values of D, f, and T2 in the malignant transformation group were significantly lower than those in the benign 
group (all P < .05), while there was no statistically significant difference in D* value. The area under curve (AUC) of D, f, T2, and 
the combined model D + f + T2 were 0.737, 0.701, 0.773, and 0.874, respectively. The optimal cutoff values of D, f, and T2 were 
1.10 × 10⁻³ mm2/s, 37.30 %, and 119.65 ms, respectively. Values lower than these may indicate a risk of malignant transformation 
of EM. Logistic regression confirmed that D, D*, and T2 were independent predictors of EM malignancy. IVIM combined with 
T2 mapping can non-invasively and quantitatively assess the risk of malignant transformation of EM. The combined model of 
parameters of two sequences has good potential for clinical promotion.

Abbreviations: AUC = area under curve, CI = confidence interval, D = ture-diffusion coefficient, D* = pseudo-diffusion 
coefficient, DWI = diffusion-weighted imaging, EAOC = endometriosis-associated ovarian cancer, EC = endometrial carcinoma, 
EM = endometriosis, f = microcirculation perfusion fraction, HE4 = human epididymis protein 4, IVIM = intravoxel incoherent 
motion, LGSC = low-grade serous ovarian cancer, mpMRI = multiparametric magnetic resonance imaging, OCCC = ovarian clear 
cell carcinoma, OEC = ovarian endometrioid carcinoma, OR = odds ratio, ROI = region of interest, T1WI = T1-weighted imaging, 
T2WI = T2-weighted imaging, VIF = variance inflation factor.
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1. Introduction
Endometriosis (EM) is a common gynecological disease that 
affects approximately 10% to 15% of women of childbearing 
age.[1] Although EM is a typical benign disease, it has the risk 
of malignant transformation. Current literature reports that the 
probability is about 1%,[2] but due to various limitations, its actual 
malignant transformation rate should be much higher than this. 
EM can undergo malignant transformation into endometriosis- 
associated ovarian cancer (EAOC), which accounts for approx-
imately 10% to 15% of all ovarian cancers.[3] The main 

histopathological subtypes of EAOC include endometrioid ovar-
ian carcinoma (OEC, accounting for approximately 50–60%), 
clear cell ovarian carcinoma (OCCC, about 20–30%), and other 
rare types such as low-grade serous ovarian cancer (LGSC, 
about 10–20%).[4] Due to the large number of EM patients, the 
number of EAOC cannot be ignored. At present, the diagnosis 
of malignant transformation of EM in clinical practice mainly 
relies on postoperative pathological confirmation. At this stage, 
the tumor often shows obvious malignant morphological man-
ifestations and has developed to a higher grade. However, in 
the early stage of malignant transformation, many EM lesions 

 

YD and DZ contributed equally to this work.

This work was supported by the Key Research and Development Program 
Project of Heilongjiang Province (grant no. 2023ZX06C13) and the National 
Natural Science Foundation of China (grant no. 82502472).

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

This study was approved by the Ethics Committee of the Sixth Affiliated Hospital 
of Harbin Medical University (no. LC2024-147). According to the Helsinki 
Declaration, patients are exempted from the informed consent form.

a  Department of Radiology, The Sixth Affiliated Hospital of Harbin Medical 
University, Harbin, China.

*  Correspondence: Deli Zhao, Department of Radiology, The Sixth Affiliated 
Hospital of Harbin Medical University, No. 998, Aiying Street, Songbei District, 
Harbin, Heilongjiang Province 150000, China (e-mail: delizhao_123@163.com).

Copyright © 2025 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative Commons 
Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to 
download, share, remix, transform, and buildup the work provided it is properly 
cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Liu S, Peng M, Yu R, Jin C, Zhou S, Deng Y, Zhao D. 
Predictive value of MR imaging IVIM and T2 mapping in malignant transformation 
of endometriosis. Medicine 2025;104:51(e46665).

Received: 17 August 2025 / Received in final form: 23 October 2025 / Accepted: 
27 October 2025

http://dx.doi.org/10.1097/MD.0000000000046665

https://orcid.org/0000-0001-6193-6361
mailto:delizhao_123@163.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Liu et al.  •  Medicine (2025) 104:51� Medicine

have not undergone significant morphological changes, which 
often leads to the neglect of these early malignant transforma-
tion cases in clinical practice and the lack of effective strategies 
and methods to monitor the disease status. Therefore, how to 
achieve the early diagnosis of malignant transformation of EM 
has become an urgent problem to be solved in clinical practice.

Multi-parameter magnetic resonance imaging (mpMRI), 
which combines multiple anatomical and functional sequences 
in a single examination, offers a potential solution. It can 
non-invasively, multimodal and highly sensitively assess the 
morphology, blood flow, metabolism and microenvironment of 
lesions.[5] It has been widely used in lesions of various systems. 
Intravoxel incoherent motion (IVIM) is an advanced func-
tional subtype of diffusion-weighted imaging (DWI). It uses 
a single-shot echo planar imaging sequence with multiple b- 
values to simultaneously extract the true-diffusion coefficient 
(D), pseudo-diffusion coefficient (D*) and microcirculation 
perfusion fraction (f) of tissue through a double-exponential 
model, obtaining quantified perfusion information without the 
need for contrast agents.[6] Previous studies have confirmed that 
this sequence can not only distinguish benign and malignant 
ovarian tumors, differentiate type I and type II epithelial ovar-
ian cancer, but also predict the Ki-67 index of ovarian cancer 
before surgery.[7–9] Corresponding to the “function-perfusion” 
perspective of IVIM, T2 mapping provides pure quantita-
tive relaxation information. It fits the T2 value of each voxel 
through multi-echo T2WI, directly reflecting the free water 
content and microstructure changes of the tissue.[10] In uterine 
lesions, significant differences in T2 values have been used for 
differentiating benign and malignant conditions and monitor-
ing therapeutic effects.[11] Therefore, IVIM and T2 mapping 
will respectively evaluate the pathological state of EM lesions 
from the aspects of “perfusion” and “quantification.”

This study aims to investigate the predictive value of IVIM 
and T2 Mapping sequences in the malignant transformation of 
endometriosis (EM). We plan to develop a noninvasive, conve-
nient and repeatable multi-parameter assessment tool to identify 
the malignant transformation of EM at an early stage, thereby 
improving the long-term prognosis of malignant tumors.

2. Materials and methods

2.1. Study population

This study was approved by the Institutional Review Board 
of the Sixth Affiliated Hospital of Harbin Medical University 

(IRB#LC-2024-147). Patients were exempted from signing the 
informed consent form. A retrospective collection was made of 
298 patients who were pathologically confirmed to have EM 
or EAOC (including OEC, OCCC, and LGSC) underwent 3.0T 
MRI examination in our hospital from July 2022 to April 2025. 
Exclusion criteria: Cases with incomplete scan sequences (not 
simultaneously including IVIM and T2mapping sequences) 
(n = 91). Cases with incomplete clinical data (n = 30). Cases 
with other pelvic tumors (n = 15). Lesions too small for region 
of interest (ROI) delineation (n = 6). Ultimately, 156 patients 
were included, among whom 102 were EM patients (benign 
group) and 54 patients with EAOC (malignant transformation 
group), including 30 cases of OEC, 21 cases of OCCC, and 3 
case of LGSC. The enrollment process is shown in Figure 1.

2.2. Clinical data

The clinical data collected included age, maximum tumor diame-
ter, symptoms (dysmenorrhea or chronic pelvic pain), menopau-
sel state (before menopause or after menopause), carbohydrate 
antigen 125 (CA125, U/mL), human epididymis protein 4 (HE4, 
pmol/mL), and risk of ovarian malignancy algorithm index.

2.3. MRI imaging

A 3.0T MRI scanner (Siemens 3.0T MRI, Skyra, Germany) with 
a 18-channel abdominal coil was used. Patients emptied their 
bladder and fasted for 4 to 6 hours before the scan. The scan-
ning sequences included conventional T1WI and T2WI, as well 
as IVIM and T2 mapping. IVIM used single-shot echo planar 
imaging sequence with 12 b-values (0, 30, 50, 100, 150, 200, 
400, 600, 800, 1200, 1500, 2000 s/mm²). T2 mapping used 
gradient echo spin echo technology to acquire 5 echo signals 
(TE1-5 = 20, 40, 60, 80, 100 ms). Scan parameters are shown in 
Table 1.

2.4. Image analysis

The IVIM sequences were extracted through medical data pro-
cessing software (MITK), and the T2mapping sequences were 
analyzed through the post-processing workstation (Syngo.
via). Two radiologists, with 15 years and 8 years of experience 
in pelvic radiological diagnosis respectively, determined the 
lesion location by referencing axial T2WI or DWI. In cases of 
disagreement, a consensus was reached through consultation, 

Figure 1.  Enrollment flow chart. EAOC = endometriosis-associated ovarian cancer, EM = endometriosis, IVIM = intravoxel incoherent motion, LGSC = low-
grade serous ovarian cancer, OCCC = ovarian clear cell carcinoma, OEC = ovarian endometrioid carcinoma, ROI = region of interest.
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with the final decision made by the senior radiologist. Based 
on the T2WI sequence to determine ROI, which was then 
replicated to the corresponding levels of the D, D*, f, and T2 
mapping parameter maps. The selection of the ROI is strictly 
limited to the solid part of the tumor or the thickest part of 
the cyst wall (thickness > 3 mm), while avoiding the cystic part 
and the bleeding area. For typical hemorrhagic cysts with-
out obvious wall thickening in the benign group, researchers 
delineated ROI on the cyst walls to avoid the obvious artifacts 
caused by the T2* effect. The size of ROI is defined as a circu-
lar area, which is between 50% and 90% of the target area, 
ensuring that it contains most of the solid part of the lesion 
while avoiding the liquid part around it, to meet the needs of 

lesions of different sizes (Figs. 2 and 3). All ROIs were manu-
ally defined by 2 experienced radiologists, and the consistency 
among operators was evaluated using the intra-group correla-
tion coefficient (ICC).

2.5. Statistical analysis

Statistical analysis was performed using SPSS 27.0 and 
GraphPad Prism 10 software. The ICC was used to evaluate 
the consistency of the measurement values between the two 
observers. The Shapiro–Wilk test was used to evaluate the 
normality of clinical data and MRI quantitative parameters. 

Table 1

MRI scan sequences and parameters.

Parameters Scan time (min) TR (ms) TE (ms) Matrix FOV (mm2) Thickness (mm) Gap (mm)

T1WI (DIXON) 14 s 3.96 1.26 130 × 130 400 × 400 2.3 0.5
T2WI 1 min 46 s 4080 85 30 × 30 220 × 220 4.0 1.2
IVIM 6 min 55 s 8500 77 110 × 110 250 × 250 4.0 1.2
T2 mapping 2 min 54 s 1500 20–100 50 × 50 250 × 250 4.0 0.2

IVIM with b value of 0, 30, 50, 100, 150, 200, 400, 600, 800, 1200, 1500, 2000 s/mm2. The number of excitations for each b value is once.
DIXON = a type of T1WI sequence, FOV = field of view, T2WI = T2-weighted imaging, TE = echo time, TR = time of repetition.

Figure 2.  A 28-year-old with EM of right ovary, pathology confirmed the presence of blood clots adhered to the cyst wall. (A) T2WI, (B) T1WI, (C) IVIM’s standard 
high-b DWI, (D) ADC (b = 800s/mm2), (E) D-parameter diagram, (F) D*-parameter diagram, (G) f-parameter diagram, (H) T2 mapping map. A–H showed the ROI 
delineation (red circle) of the solid part in the cystic lesion of the right adnexal area; D, D*, f, and T2 values were 1.19 × 10−3mm2/s, 31.93 × 10−3mm2/s, 45.7%, 
and 138.26 ms, respectively. (I) Pathologic figure of HE staining (HE × 200). ADC = apparent diffusion coefficient, D = ture-diffusion coefficient, D* = pseudo- 
diffusion coefficient, DWI = diffusion-weighted imaging, f = microcirculation perfusion fraction, IVIM = intravoxel incoherent motion, ROI = region of interest, T1WI 
= T1-weighted imaging, T2WI = T2-weighted imaging.
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Data conforming to a normal distribution were expressed as 
x ± s, and data not conforming to a normal distribution were 
expressed as 50% (25%, 75%). Count data were analyzed using 
the independent sample t test or the Mann–Whitney U test, and 
measurement data were analyzed using the chi-square test or 
Fisher’s exact probability method to compare the parameter dif-
ferences between the 2 groups. The diagnostic efficacy of each 
parameter model was analyzed through the receiver operating 
characteristic curve, and the DeLong test was used to compare 
the differences in the area under the curve (AUC) among differ-
ent models. The correlation between the 2 independent parame-
ters was tested by the Spearman correlation coefficient. For the 
clinical data with differences and all quantitative parameters, 
the independent predictors of malignant transformation of EM 
were evaluated by the method of binary Logistic regression first 
and then multiple Logistic regression analysis. The variance 
inflation factor was used to conduct collinearity checks on each 
variable.

3. Results

3.1. Comparison of clinical data

The clinical characteristics of 102 benign cases and 54 malig-
nant transformation cases were compared. There were no statis-
tically significant differences in age, maximum tumor diameter, 

symptoms of dysmenorrhea or chronic pelvic pain, menopausal 
status, CA125 level and risk of ovarian malignancy algorithm 
index (all P > .05). However the serum HE4 level in the malig-
nant transformation group was significantly higher than that 
in the benign group (60.85 ± 13.29 vs 49.20 ± 4.38 pmol/mL, 
P = .002), suggesting that the increase of HE4 might be a poten-
tial marker of malignant transformation. (as shown in Table 2).

3.2. Parameter measurement consistency

The repeatability of the measurements of IVIM-DWI and T2 
parameters by the two observers was good in both the benign 
and malignant transformation groups. In the benign group 
(n = 102), the ICCs of D, D*, f, and T2 values were 0.840, 0.893, 
0.854, and 0.827, respectively; In the malignant transformation 
group (n = 54), they were 0.910, 0.845, 0.821, and 0.784, all 
of which were ≥ 0.75. The differences in the average values of 
each parameter between the 2 groups were relatively small, sug-
gesting that the measurement results were stable and reliable 
(Table 3).

3.3. Parameter difference comparison

The results showed that there were statistically significant dif-
ferences in D value, f value, and T2 value between the benign 

Figure 3.  A 47-year-old with EOC of bilateral ovaries. (A) T2WI, (B) T1WI, (C) IVIM’s standard high-b DWI, (D) ADC (b = 800 s/mm2), (E) D-parameter diagram, 
(F) D*-parameter diagram, (G) f-parameter diagram, (H) T2 mapping map. A-H showed the ROI delineation (red circle) of the solid part in the lesion of the right 
adnexal area; D, D*, f, and T2 values were 0.53 × 10−3mm2/s, 35.42 × 10−3mm2/s, 29.8%, and 109.23 ms, respectively. (I) Pathologic figure of HE staining 
(HE × 200). ADC = apparent diffusion coefficient, D = ture-diffusion coefficient, D* = pseudo-diffusion coefficient, DWI = diffusion-weighted imaging, f = micro-
circulation perfusion fraction, IVIM = intravoxel incoherent motion, ROI = region of interest, T1WI = T1-weighted imaging, T2WI = T2-weighted imaging.
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group and the malignant transformation group, while there was 
no statistically significant difference in D* value. Specifically, 
the D value of the benign group (1.102 ± 0.81 × 10−3 mm2/s) 
was significantly higher than that of the malignant trans-
formation group (0.69 ± 0.29 × 10−3 mm2/s, t = 4.182, 
P < .001); The f value was also significantly higher than that 
of the malignant transformation group (39.99% ± 12.01% 
vs 31.75% ± 7.39%, t = 3.0156, P = .004); The T2 value was 
also significantly higher than that of the malignant transfor-
mation group (122.85 ± 7.03 vs 113.91 ± 9.13 ms, t = 3.928, 
P < .001). On the contrary, there was no statistically signifi-
cant difference in D* values between the 2 groups (P = .087) 
(Table 4; Fig. 4).

3.4. Diagnostic efficacy evaluation

The AUC values of different models D, f, T2, D + f, D + T2, 
f + T2, and D + f + T2 identified between the 2 groups were 
0.737, 0.701, 0.773, 0.791, 0.856, 0.843, and 0.874, respec-
tively. Under this scanning condition, the cutoff values of the 
D, f, and T2 parameters for the malignant transformation of 
EM were 1.10 × 10−3 mm2/s, 37.30%, and 119.65 ms, respec-
tively. If lower than these values, suggesting the possibility 
of malignant transformation of EM (as shown in Table 5; 
Fig. 5). The De-Long test was used to conduct pairwise com-
parisons one by one between the single-parameter model (D, 
f, T2) and the combined model D + f + T2, as well as between 
the two-parameter model (D + T2) with the highest diagnos-
tic efficacy and the combined model (D + f + T2). The result 
revealed that the combined model (D + f + T2) demonstrated 

a statistically significant improvement in AUC compared to 
the f-only model (P = .0442) and a trend towards improve-
ment compared to the D-only model (P = .0974). (as shown 
in Table 6).

3.5. Correlation analysis

D and f values were moderately positively correlated (r = 0.4576, 
P = .0006), D and T2 values weakly positively correlated 
(r = 0.3356, P = .0150), with no significant correlation between 
f and T2 values (P > .05), as shown in Figure 6.

3.6. Regression analysis

The results of univariate and multivariate analyses between the 
benign group and the malignant transformation group showed 
that at the univariate level, the 4 indicators of HE4, D, D*, and 
T2 were all significantly correlated with malignant transfor-
mation, while the f value did not reach statistical significance 
(P = .086). After entering the multi-factor model, only D, D*, 
and T2 values still independently indicated the risk of malignant 
transformation: a decrease in D value (odds ratio [OR] = 0.783), 
an increase in D* value (OR = 1.426) and a decrease in T2 value 
(OR = 0.839) were all significantly associated with malignant 
transformation, while HE4 no longer had independent predic-
tive value (P = .397) (as shown in Table 7). Interestingly, while 
D* was not significantly different between groups in univariate 
analysis, it emerged as an independent predictor in the multi-
variate model, suggesting its predictive value may be contingent 

Table 2

Analysis of clinical characteristics.

Clinical characteristics Benign group (n = 102) Malignant transformation group (n = 54) P

Age (year) 44.6 ± 9.5 48.7 ± 8.0 .126*
Maximum diameter of the tumor (mm) 25.2 ± 9.0 25.4 ± 8.8 .939*
Symptoms of dysmenorrhea or chronic pelvic pain, n (%) .492*
 � Yes 59 (57.8) 35 (64.8)
 � No 43 (42.2) 19 (35.2)
Menopause status, n (%) .112†

 � Before 71 (69.6) 30 (55.6)
 � After 31 (30.4) 24 (44.4)
CA125 (U/mL) 17.0 (9.2, 23.2) 17.3 (9.5, 25.4) .758‡

HE4 (pmol/mL) 49.20 ± 4.38 60.85 ± 13.29 .002*
ROMA (%) 10.9 ± 5.4 11.1 ± 6.1 .883*

CA125 = carbohydrate antigen 125 (normal reference range: 0–35 U/mL); HE4 = human epididymis protein 4 (normal reference range: before menopause 0–92.1 pmol/mL; after menopause 0–121 pmol/
mL); ROMA = Risk of Ovarian Malignancy Algorithm (normal reference range: before menopause <11.4%; after menopause <29.9%).
*Data analyzed using the independent samples t test.
†Data analyzed using the chi-square test.
‡Data analyzed using the Mann–Whitney U test.

Table 3

Agreement analysis of the values of each parameter measured by the 2 observers.

Observer1 Observer2 ICC

Benign group (n = 102)
 � D (×10−3mm2/s) 1.26 ± 0.79 1.36 ± 0.81 0.840
 � D* (×10−3mm2/s) 31.76 ± 8.49 32.15 ± 8.79 0.893
 � F (%) 39.0 ± 12.1 40.9 ± 12.0 0.854
 � T2 (ms) 122.19 ± 7.39 123.62 ± 7.81 0.827
Malignant transformation group (n = 54)
 � D (×10−3mm2/s) 0.63 ± 0.22 0.73 ± 0.32 0.910
 � D* (×10−3mm2/s) 35.89 ± 5.83 35.06 ± 5.01 0.845
 � f (%) 31.9 ± 7.5 31.2 ± 7.0 0.821
 � T2 (ms) 111.92 ± 8.77 114.74 ± 7.57 0.784

D = ture-diffusion coefficient, D* = pseudo-diffusion coefficient, f = microcirculation perfusion fraction, ICC = Intraclass correlation coefficient (ICC < 0.40, 0.40 ≤ ICC < 0.75 and ICC ≥ 0.75 were 
regarded as poor, medium and good consistency, respectively).



6

Liu et al.  •  Medicine (2025) 104:51� Medicine

on its relationship with other parameters like D and T2. This 
finding requires further validation. The results of covariance test 
showed that the variance inflation factor of HE4, D, D*, f, and 
T2 values were 2.045, 1.721, 1.643, 1.260, and 1.444, respec-
tively, which were < 5, indicating that the factors were indepen-
dent of each other.

4. Discussion
EM malignancy is caused by multiple factors, including hor-
mones, inflammation, oxidative stress, gene mutations, and 
epigenetic changes.[12] CYP1B1 overexpression in ectopic endo-
metrium converts androstenedione to estrogen, causing DNA 

damage and cell proliferation, while menstrual blood reflux 
induces iron imbalance and oxidative stress, leading to DNA 
damage, cellular dysfunction, and angiogenesis, ultimately pro-
moting malignancy.[13,14] The microenvironment of tumors can 
affect the phenotypic transformation of tumors and increase the 
heterogeneity of malignant tumors, playing an important role in 
the malignant transformation of EM. mpMRI technology can 
comprehensively and dynamically evaluate the characteristics of 
the tumor microenvironment and provide a variety of informa-
tion related to the biological behavior and metabolic state of 
tumors. The research of Li et al[15] has confirmed the value of 
multimodal MRI imaging in predicting the expression of Her-2 
gene in endometrial cancer, and the diagnostic efficacy of its 
combined model is 0.860. This study used D, D*, f values from 

Table 4

Analysis of the differences in the values of each parameter between the 2 groups of cases.

Benign group (n = 102) Malignant transformation group (n = 54) t P

D (×10−3mm2/s) 1.34 ± 0.81 0.69 ± 0.29 4.182 <.001
D* (×10−3mm2/s) 32.01 ± 8.74 35.35 ± 5.06 −1.745 .087
f (%) 39.9 ± 12.0 31.7 ± 7.3 3.052 .004
T2 (ms) 122.85 ± 7.03 113.91 ± 9.13 3.928 <.001

D = ture-diffusion coefficient, D* = pseudo-diffusion coefficient, f = microcirculation perfusion fraction.

Figure 4.  Comparison of parameter values between cases in the benign group and malignant transformation group.

Table 5

Assessment of the efficacy of each parameter alone or in combination to identify the 2 groups of cases.

Parameters AUC (95% CI) Sensitivity (%) Specificity (%) cutoff

D 0.737 (0.604–0.870) 58.8 94.4 1.10 × 10−3mm2/s
f 0.701 (0.560–0.842) 55.9 83.3 37.30%
T2 0.773 (0.639–0.907) 61.8 83.3 119.65ms
D + f 0.791 (0.670–0.912) 59.3 61.8 –
D + T2 0.856 (0.756–0.957) 88.9 70.6 –
f + T2 0.843 (0.736–0.951) 88.4 70.9 –
D + f + T2 0.874 (0.781–0.967) 83.3 82.4 –

AUC = area under curve, CI = confidence interval.
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IVIM and T2 values from T2 mapping to predict endometrial 
malignancy transformation, achieving a predictive efficiency of 
0.874 with high accuracy.

Histopathological examination (histological assessment 
under a microscope) has always been the gold standard for judg-
ing the malignant transformation of EM into EAOC and its spe-
cific pathological subtypes. However, pathological examination 
requires obtaining tissue samples through surgery or puncture, a 
process that is invasive and may cause additional pain and risks 
to patients. Moreover, in some cases, the obtained tissue samples 

may not be sufficient for accurate pathological analysis.[16,17] In 
view of this, it is particularly important to explore a method 
that can predict the malignant transformation of EM in real 
time and non-invasively. At present, there are studies attempt-
ing to utilize imaging techniques to solve this problem. Zheng 
et al[16] attempted to use contrast-enhanced ultrasound imag-
ing to evaluate the blood perfusion of EM lesions in order to 
predict their malignant transformation potential. However, this 
method has a high technical dependence on the operator and 
limited specificity. Furthermore, Phulia et al[17] proposed the use 

Figure 5.  ROC curve of D, f, T2, and combined parameters model to identify the 2 groups of cases. D = ture-diffusion coefficient, f = microcirculation perfusion 
fraction, ROC = receiver operator characteristic.

Table 6

Results of ROC comparisons for different parameters.

Parameter comparison D + f + T2 vs D D + f + T2 vs f D + f + T2 vs T2 D + f + T2 vs D + T2

Z-statistic 1.4045 2.0120 0.9673 0.2595
P value .0974 .0442 .2264 .7952

Figure 6.  Correlation analysis graph for each individual difference parameter.
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of positron emission tomography (PET) combined with CT to 
evaluate the metabolic activity of EM lesions. However, PET-CT 
examination is expensive, has a large radiation dose, and still 
has deficiencies in specificity, making it difficult to be widely 
used in clinical practice.

Development of mpMRI technology has brought new hope 
to this field. As a noninvasive MR Imaging technique at the 
molecular level, IVIM imaging can reflect the microstructure 
of tissues and blood perfusion information by measuring dif-
fusion and perfusion parameters.[18] IVIM technology is based 
on a double-exponential model and separates the molecular 
diffusion and microcirculation perfusion information within 
tissues through DWI. Its core parameters include D, D*, and 
f.[19] The IVIM signal can not only reflect diffusion character-
istics of tissue, but also demonstrate the microvessel density 
and blood perfusion conditions. Tao et al[20] directly com-
pared MRI images and pathological sections through animal 
model experiments and confirmed that various parameters of 
IVIM can effectively evaluate microangiogenesis of tumors 
and truly reflect vascular endothelial structure state and per-
fusion conditions. A key advantage of IVIM is its ability to 
provide quantitative information on tissue perfusion without 
the need for contrast-agent administration. It is particularly 
suitable for patients who cannot tolerate gadolinium contrast 
agents and has the advantages of low cost and wide applica-
bility. Arian et al[21] studied that in differentiating benign and 
malignant breast lesions, IVIM and dynamic contracontra- 
enhanced (DCE) had similar sensitivity (86.2% vs 93.8%), 
but in terms of specificity (70.3% vs 68.1%), IVIM was even 
slightly superior to DCE imaging. In previous multiple stud-
ies, IVIM parameters can significantly distinguish head and 
neck tumors of different pathological types.[22] In the diag-
nosis of breast lesions compared with traditional DWI, IVIM 
can quantify cell density and vascularization degree respec-
tively.[23] In the field of liver diseases, IVIM technology has 
been used to evaluate nonalcoholic fatty liver disease, liver 
fibrosis and liver tumors.[24]

The results of this study show that in the malignant trans-
formation group of EM, D value and f value of IVIM sequence 
were significantly lower than those in the benign group, while 
there was no statistically significant difference in the D* value. 
The possible reason for this is as follows: Firstly, during the 
malignant transformation of benign EM lesions, the D value 
reflects the true diffusion ability of water molecules, which 
decreases with the increase of cell density and the reduction 
of extracellular space. Secondly, the f value represents the 
microvascular volume perfusion fraction. Due to the abnormal 
uneven blood perfusion of neovascularization in malignant 
tumors, the f value may actually decrease. Also, because of the 
uneven blood perfusion, there was no significant difference in 
the D* value in this study.[25–27] Meng et al[28] in the applica-
tion of amide proton transfer imaging and IVIM sequence to 
distinguish endometrial polyps from endometrial cancer (EC), 
research results showed that D and f values in the EC group 
were significantly lower than those in the endometrial polyps 
group (D: 0.62 [0.53, 0.76] vs1.45 ± 0.48 [×10−3mm2/s]; f: 

22.18 ± 8.08% vs 30.80 ± 8.92%), which was basically consis-
tent with the results of this study, further verifying the feasibil-
ity of non-invasively evaluating benign and malignant nature of 
tumors using quantitative parameter images of IVIM sequence 
before surgery.

T2 mapping sequence can reflect relaxation characteristics of 
water molecules in tissue through T2 value, thereby providing 
information about the changes in intracellular water content 
and microstructure.[29] In clinical applications, its value has been 
verified by many times. For example, Bucher et al[10] in the diag-
nosis of prostate cancer, T2 mapping can effectively distinguish 
clinically significant prostate cancer from benign prostate tis-
sue, with an optimal cutoff value of 109.2 ms, providing strong 
support for precise diagnosis. The results of this study showed 
that T2 value in the malignant transformation group was signifi-
cantly lower than that in the benign group, and the difference 
was statistically significant (P < .05). Optimal cutoff value was 
119.65 ms, suggesting that T2 value has potential to become a 
potential biomarker for malignant transformation of EM. This 
result is consistent with the research conclusion of Li et al.[15] 
They also observed that in EC, there were significant differences 
in T2 values among different degrees of malignancy. Changes in 
T2 values might be related to factors such as tumor cell density 
and size of extracellular space. When cell proliferation is active 
and density increases, extracellular space becomes smaller and 
diffusion of water molecules is restricted, T2 value decreased 
accordingly.[30] Meanwhile, multivariate logistic regression 
analysis of this study indicated that T2 value was an indepen-
dent predictor for evaluating malignant transformation of EM, 
which further highlighted its important role in predicting early 
malignant transformation of EM.

Univariate and multivariate logistic regression analyses in 
this study indicated that D, D* and T2 values were independent 
predictors for evaluating malignant transformation of EM. It 
indicates that these MRI parameters can serve as an effective 
biomarker for monitoring tumor status and can non-invasively 
provide clinicians with important information regarding risk of 
malignant transformation of EM. The cutoff values of D, f, and 
T2 in this study are 1.10 × 10⁻³ mm²/s, 37.3%, and 119.65 ms 
respectively. Values lower than these suggest the possibility of 
malignant transformation of EM. The combined imaging model 
constructed with the three parameters is a convenient and objec-
tive tool for monitoring the progression of lesions in patients 
with EM, with good repeatability. It avoids unnecessary surger-
ies for benign lesions or delayed detection of malignant lesions 
for patients. In terms of clinical characteristics, laboratory indi-
cator HE4 was the only indicator with statistical difference 
(P = .002). Meanwhile, result of univariate logistic regression 
analysis (OR = 1.156, P = .002) indicated that HE4 was an 
independent clinical predictor of malignant transformation of 
EM. This is consistent with the conclusion in the research results 
of Xu et al[31] that “HE4 is an independent risk factor for diag-
nosing EAOC.” However, this study aimed to construct an imag-
ing parameter model for predicting malignant transformation of 
EM and did not conduct statistical analysis on clinical-imaging 
combined indicators.

Table 7

Univariate and multifactorial analysis of benign group and malignant transformation group.

Parameters

Univariate analyses Multivariate analyses

OR (95% CI) P value OR (95% CI) P value

HE4 (pmol/mL) 1.156 (1.057–1.265) .002 1.057 (0.930–1.202) .397
D (×10−3mm2/s) 0.776 (0.701–0.822) .007 0.783 (0.703–0.849) .023
D* (×10−3mm2/s) 1.617 (1.177–2.220) .003 1.426 (1.020–1.994) .038
f (%) 0.885 (0.770–1.017) .086 / /
T2 (ms) 0.806 (0.707–0.919) .001 0.839 (0.712–0.988) .035

CI = confidence interval, HE4 = human epididymis protein 4, OR = odds ratio.



9

Liu et al.  •  Medicine (2025) 104:51� www.md-journal.com

5. Limitations
The samples of this study were from a single center, and the 
experimental results were not externally validated through 
multi-center cases. The next step is to further expand the sample 
size to verify the corresponding results. Although the diagnostic 
efficiency of the combined model is relatively high, in practi-
cal applications, clinical features and other examination results 
should be taken into account to improve the accuracy and reli-
ability of diagnosis.

6. Conclusion
IVIM and T2 mapping have significant value in predicting 
malignant transformation of EM. Their combined model 
can provide a more comprehensive and accurate risk assess-
ment, offering strong support for the early diagnosis and 
clinical treatment of patients with malignant transforma-
tion of EM.
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