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Abstract
Purpose To investigate the feasibility of whole-tumor apparent diffusion coefficient (ADC) histogram analysis for improving 
the differentiation of endometriosis-related tumors: seromucinous borderline tumor (SMBT), clear cell carcinoma (CCC) 
and endometrioid carcinoma (EC).
Methods Clinical features, solid component ADC  (ADCSC) and whole-tumor ADC histogram-derived parameters (volume, 
the  ADCmean, 10th, 50th and 90th percentile ADCs, inhomogeneity, skewness, kurtosis and entropy) were compared among 
22 SMBTs, 42 CCCs and 21 ECs. Statistical analyses were performed using chi-square test, one-way ANOVA or Kruskal–
Wallis test, and receiver operating characteristic curves.
Results A significantly higher  ADCSC and smaller volume were associated with SMBT than with CCC/EC. The  ADCmean 
was significantly higher in CCC than in EC. The 10th percentile ADC was significantly lower in EC than in SMBT/CCC. 
The 50th and 90th percentile ADCs were significantly higher in CCC than in SMBT/EC. For differentiating SMBT from 
CCC, AUCs of the  ADCSC, volume, and 50th and 90th percentile ADCs were 0.97, 0.86, 0.72 and 0.81, respectively. For 
differentiating SMBT from EC, AUCs of the  ADCSC, volume and 10th percentile ADC were 0.97, 0.71 and 0.72, respec-
tively. For differentiating CCC from EC, AUCs of the  ADCmean and 10th, 50th and 90th percentile ADCs were 0.79, 0.72, 
0.81 and 0.85, respectively.
Conclusion Whole-tumor ADC histogram analysis was valuable for differentiating endometriosis-related tumors, and the 
90th percentile ADC was optimal in differentiating CCC from EC.
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Graphical abstract

Whole-tumor ADC histogram analysis for differen�a�ng 
endometriosis-related tumors: SMBT, CCC and EC

Jing Lu et al; 2022

Whole-tumor ADC histogram 
analysis had both complementary 
role in differen�ate SMBT from 
CCC/EC, and unique advantages in 
differen�a�ng CCC from EC.

Keywords Seromucinous borderline tumor · Clear cell carcinoma · Endometrioid carcinoma · Magnetic resonance 
imaging · Apparent diffusion coefficient · Histogram analysis

Introduction

Endometriosis-related ovarian neoplasms are now attract-
ing attention because they show common molecular genetic 
changes [1, 2]. Endometriosis is a common disease involving 
approximately 5–15% of women of reproductive age [3]. It 
occurs most frequently in ovary, with 1–2% endometriosis 
can transform into endometriosis-associated ovarian can-
cer [3]. It is reported that approximately 30–35% of clear 
cell carcinomas (CCCs), 23–42% of endometrioid carcino-
mas (ECs) and 30–50% seromucinous borderline tumors 
(SMBTs) are associated with endometriosis [2, 4]. SMBTs 
are the most common subtype of seromucinous tumors of 
the ovary which were formerly classified as the Mullerian 
or endocervical subtype of mucinous tumors. Up to 90% 
of SMBT patients present as International Federation of 
Gynecology and Obstetrics (FIGO) stage I, with an excellent 
prognosis even for advanced-stage disease [5]. While CCCs 
and ECs are associated with a poorer prognosis. According 
to the National Comprehensive Cancer Network (NCCN) 
guidelines, patients with early-stage ECs and stage I-III bor-
derline tumors are candidates for fertility-sparing surgery 
which may be performed laparoscopically [7]. However, 

fertility preservation is not recommended for any stage of 
CCCs as well as high-grade serous cancers [7]. Surgery for 
patients with CCC should be performed by open laparotomy 
[7]. Although intraoperative histologic evaluation with fro-
zen sections was performed to guide gynecologists for the 
most appropriate surgical procedure [7, 8], huge size and 
diversity and heterogeneity of ovarian tumors compromise 
the accuracy of frozen section diagnosis, with 81% for early-
stage malignant tumors and only 60–75% for borderline 
tumors [8]. Histologically, CCC potentially overlap with 
EC, borderline tumors as well as metastatic carcinoma, par-
ticularly in small biopsy specimens or during intra-operative 
assessment [7–9]. Therefore, it is clinically important to pre-
operatively differentiate among SMBT, CCC and EC for an 
optimal surgical planning [1, 10].

Studies have shown that the magnetic resonance imag-
ing (MRI) findings of SMBT, CCC and EC often overlap 
and frequently appear as large cystic masses with hyper-
intensity on T1- and T2-weighted imaging (T1/T2WI) and 
intracystic vascularized mural nodules and/or solid compo-
nents [1, 11–13]. Morphological differentiation of CCC and 
EC achieves only a moderate diagnostic accuracy [10, 14]. 
Though the mean apparent diffusion coefficient of the solid 
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components  (ADCSC) is a useful parameter for differentiat-
ing SMBT from CCC and EC, it is inefficient for differentiat-
ing CCC from EC [1, 15]. In addition, the traditional mean 
 ADCSC takes no account of heterogeneity within an entire 
tumor. Therefore, a more effective method is warranted to 
investigate the differentiation of SMBT, CCC and EC.

Histogram analysis of the ADC can interrogate the bio-
logical heterogeneity of tumors by classifying domains of 
different diffusion [16]. Recently, solid-tumor histogram 
analysis of the ADC has been used for the differential diag-
nosis and prediction of chemotherapy response in epithelial 
ovarian tumors [16–18]; whole-tumor histogram analysis of 
the ADC has also been studied in diagnostic, grading, prog-
nostic and predictive applications in many tumors includ-
ing ovarian cancers [19–23]. Therefore, this study aimed to 
investigate the feasibility of histogram analysis of the whole-
tumor ADC in the differentiation of SMBT, CCC and EC by 
comparing with the traditional  ADCSC.

Material and methods

Study population

This retrospective study was approved by the institutional 
review board, and the requirement for informed consent was 
waived for all patients. Between February 2011 and April 
2021, patients with SMBT, CCC and EC proven by histol-
ogy were reviewed. The inclusion criteria were as follows: 
(1) patients undergoing abdominopelvic MRI before treat-
ment and the interval less than 2 weeks; (2) MRI includ-
ing diffusion-weighted imaging (DWI) with b factors of 0 
and 1000 s/mm2; and (3) tumors removed by surgery and 
proven by histopathology to be endometriosis-associated. 
The exclusion criteria were as follows: (1) tumors without a 
histopathological confirmation of endometriosis; (2) patients 
with a tumor too small to be detected on MRI; and (3) MRI 
scans with poor image quality. Patients’ clinical data, includ-
ing age, laterality, and FIGO stage, were recorded.

MRI technique

MRI was performed with a 1.5-T scanner (Avanto, Siemens, 
Erlangen, Germany) with a phased array coil. The patients 
lay in the supine position and breathed freely during acquisi-
tion. The scanning range was from the inferior pubic symph-
ysis to the renal hilum and extended beyond the dome of the 
tumor in cases of large masses. The scanning sequences and 
parameters are listed in Table 1. Axial DWI was performed 
using a single-shot echo planar imaging sequence with the 
diffusion gradient b factors of 0 and 1000 s/mm2. Axial and 
sagittal contrast-enhanced imaging were performed after 
administering gadolinium chelate (Gd-DTPA, Magnevist; 

Bayer Schering, Berlin, Germany) at a dose of 0.2 mL/kg 
body weight.

Imaging analysis

MR images were independently analyzed by two radiolo-
gists (radiologists 1 and 2, with 6 and 11 years of experience 
in gynecological imaging, respectively) who were blinded 
to the histopathology. Images were analyzed again by radi-
ologist 1 after an interval of one month. The  ADCSC value 
was measured with an elliptical region of interest (ROI) 
drawn as large as possible at the solid component on the 
slice with largest solid component of ADC map, carefully 
avoiding areas of hemorrhage, necrosis and major vascular 
structures. Whole-tumor histogram analysis was performed 
on the ADC map using Fire Voxel (CAI2R, New York Uni-
versity, NY, USA) according to the methods described in 
a previous study [11]. The ROI was manually delineated 
slice-by-slice along the contour of the tumor, referring to 
T2WI (Fig. 1). Then, the volume of interest of the ADC 
was postprocessed automatically for histogram analysis. The 
ADC value for each pixel was recorded. An ADC histogram 
was generated in which the contribution of each individual 
tumor was weighted according to its volume, with a bin 
width of 1 ×  10–5  mm2/s. Histogram-derived parameters, 
such as volume, the  ADCmean, 10th, 50th and 90th percen-
tiles, skewness, kurtosis, inhomogeneity and entropy, were 
calculated using SPSS software (version 23.0, SPSS, Chi-
cago, IL. USA).

Statistical analysis

Statistical analyses were performed with SPSS software. The 
normality of variables was tested using the Shapiro–Wilk 
test. Continuous variables with a normal distribution were 
presented as the mean ± standard deviation, while those with 

Table 1  MRI sequences and parameters in patients with SMBT, CCC 
and EC

SMBT seromucinous borderline tumor; CCC  clear cell carcinoma; EC 
endometrioid carcinoma; MRI magnetic resonance imaging; T1WI 
T1-weighted imaging; T2WI T2-weighted imaging; FS fat saturation; 
DWI diffusion-weighted imaging

Parameters T1WI T2WI T1WI-FS DWI

Repetition time (ms) 340 8000 196 3200
Echo time (ms) 10 83 2.9 87
Section thickness (mm) 5 5 5 5
Intersection gap (mm) 1.5 1.5 1.5 1.5
Field of view (mm) 238 × 280 238 × 280 238 × 280 238 × 280
Matrix 256 × 256 256 × 256 256 × 256 128 × 128
Acquisition time (s) 120 175 40 166
b factors (s/mm2) – – – 0, 1000
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a nonnormal distribution were reported as the median (inter-
quartile range). The intra- and interclass correlation coef-
ficients (ICCs) were calculated to evaluate intra- and inter-
observer agreements, respectively (ICC: 0.00–0.20, poor 
correlation; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, 
good; and 0.81–1.00, excellent). Categorical variables, 
including laterality and FIGO stage, were compared using 
the chi-square test. One-way ANOVA or the Kruskal–Wal-
lis test was performed to compare the differences in age, 
 ADCSC and histogram-derived parameters. Receiver oper-
ating characteristic (ROC) curve analysis (MedCalc Soft-
ware, Mariakerke, Belgium) was used to assess the diag-
nostic performance and determine optimal cutoff values of 
the histogram-derived parameters for the differentiation of 
SMBT, CCC and EC. The Delong test was used to compare 
the area under the curve (AUC) differences.. A p value less 
than 0.05 was regarded as statistically significant.

Results

Patient demographics

A total of 85 patients (22 with SMBT, 42 with CCC and 
21 with EC) were enrolled. The median time interval 
between the MRI scan and surgery was 5 days. The clini-
cal features of patients are summarized in Table 2. There 
were significant differences in age among the three groups 
of patients (p < 0.001). Patients with SMBT were signifi-
cantly younger (39.91 ± 12.08 years) than patients with 

CCC (51.48 ± 9.52 years) and EC (52.24 ± 8.15 years) (both 
p < 0.001). There was no significant age difference between 
patients with CCC and those with EC (p = 1.000). Most 
patients with SMBT, CCC and EC were at an early-stage 
(stages I and II), and all the patients had a unilateral tumor. 
No significant differences were observed in the FIGO stage 
or laterality among the three groups (p = 0.312 and 0.722, 
respectively).

ADCSC and whole‑tumor ADC histogram parameters

The intra- and interobserver agreements were excellent for 
the  ADCSC and histogram parameters, with ICCs of 0.961 
(95% confidence interval (CI), 0.941, 0.974) and 0.980 (95% 
CI, 0.970, 0.987), respectively. The results of the first meas-
urement by radiologist 1 were used for further analyses.

There were significant differences in the  ADCSC and 
whole-tumor histogram parameters, including the vol-
ume,  ADCmean, and 10th, 50th and 90th percentile ADCs, 
among the three kinds of tumors (all p < 0.01) (Table 3). 
The  ADCSC was significantly higher in SMBT than in CCC 
and EC (both p < 0.001) but was not significantly different 
between CCC and EC (p = 0.328). The volume was signifi-
cantly smaller in SMBT than in CCC (p < 0.001) and EC 
(p = 0.024) but was not significantly different between CCC 
and EC (p = 0.559). The  ADCmean was significantly higher 
in CCC than in EC (p < 0.001) but was not significantly dif-
ferent between SMBT and CCC/EC (p = 0.050 and 0.418, 
respectively). The 10th percentile ADC was significantly 
lower in EC than in SMBT (p = 0.033) and CCC (p = 0.011) 

Fig. 1  Whole-tumor ADC histogram analysis in patients with SMBT 
(a–e), CCC (f–j) and EC (k–o). Referring to T1WI (a, f, k), T2WI 
(b, g, l) and gadolinium-enhanced T1WI (c, h, m), the ROIs of the 
whole ovarian tumor were delineated slice-by-slice along the contour 
of the tumor manually on the ADC map (b = 1000 s/mm2) (d, i, n), 
and the histograms of gray-level distribution were calculated with the 

parameters listed in the figures (e, j, o). The x-axis and y-axis in the 
histogram represent the voxel gray-level intensity and frequency of 
occurrence, respectively. ADC apparent diffusion coefficient; SMBT 
seromucinous borderline tumor; CCC  clear cell carcinoma; EC endo-
metrioid carcinoma; T1WI T1-weighted imaging; T2WI T2-weighted 
imaging; ROI region of interest
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but was not significantly different between SMBT and CCC 
(p = 1.000). The 50th and 90th percentile ADCs were sig-
nificantly higher in CCC than in SMBT and EC (p = 0.015, 
p < 0.001 and both p < 0.001, respectively) but were not sig-
nificantly different between SMBT and EC (p = 0.814 and 
1.000, respectively). There were no significant differences 
found in other histogram-derived parameters, including 
skewness, kurtosis, inhomogeneity or entropy, among the 
three tumors.

For differentiating SMBT from CCC, the AUCs of the 
 ADCSC, volume, and 50th and 90th percentile ADCs were 
0.97, 0.86, 0.72 and 0.81, respectively, with a significant 
difference between the  ADCSC and 50th percentile ADC 
(p = 0.003) (Table 4, Fig. 2) and no significant differences 
between the  ADCSC and volume or 90th percentile ADC 
(p = 0.097 and 0.053, respectively). For differentiating 
SMBT from EC, the  ADCSC had a significantly larger 
AUC than the volume and 10th percentile ADC (0.97 vs 

Table 2  Clinical features of 
patients with SMBT, CCC and 
EC

FIGO international federation of gynecology and obstetrics
a One-way ANOVA
b Chi-square test
c Fisher’s precision probability test (FIGO I + II vs III + IV)
d, e There was significant difference between the two groups
A significant p value was presented as bold

Features SMBT (n = 22) CCC (n = 42) EC (n = 21) p value

Age (mean, y) 39.91 ± 12.08d,e 51.48 ± 9.52d 52.24 ± 8.15e  < 0.001a

Laterality 0.722b

Right 14 23 11
Left 8 19 10
FIGO stage 0.312c

I 18 41 16
II 2 0 5
III 2 1 0
IV 0 0 0

Table 3  ADC of solid components and whole-tumor ADC histogram parameters in SMBT, CCC and EC

ADC apparent diffusion coefficient; ADCsc solid component ADC; p value, One-way ANOVA or Kruskal–Wallis
A significant p value was presented as bold
* ×  10–3  mm2/s

Parameters SMBT (n = 22) CCC (n = 42) EC (n = 21) p value

Among all groups SMBT vs CCC SMBT vs EC CCC vs EC

ADCsc* 1.8 (1.7, 1.9) 1.2 (1.0, 1.4) 1.0 (1.0, 1.2)  < 0.001  < 0.001  < 0.001 0.328
Whole-tumor ADC histogram parameters
 Volume  (cm3) 187.6 (76.0, 

249.9)
537.0 (338.9, 

822.0)
280.1 (140.3, 

1022.2)
 < 0.001  < 0.001 0.024 0.559

ADCmean* 2.0 ± 0.4 2.2 ± 0.3 1.9 ± 0.3  < 0.001 0.050 0.418  < 0.001
10th percentile 

ADC*
1.8 (1.5, 2.0) 1.7 (1.3, 2.2) 1.2 (1.0, 1.5)₤ 0.008 1.000 0.033 0.011

50th percentile 
ADC*

2.1 (1.7, 2.3) 2.5 (2.2, 2.6) 1.9 (1.6, 2.2)  < 0.001 0.015 0.814  < 0.001

90th percentile 
ADC*

2.4 (2.0, 2.6) 2.7 (2.5, 2.8) 2.4 (2.1, 2.6)  < 0.001  < 0.001 1.000  < 0.001

Skewness − 0.5 ± 1.4 − 1.2 ± 1.2 − 0.7 ± 1.0 0.055 – – –
Kurtosis 3.1 (2.4, 6.2) 2.6 (-0.5, 7.6) 1.4 (-0.9, 4.8) 0.104 – – –
Inhomogeneity 0.1 (0.1, 0.1) 0.2 (0.1, 0.2) 0.1 (0.1, 0.2) 0.052 – – –
Entropy 3.5 ± 0.4 3.6 ± 0.5 3.8 ± 0.5 0.115 – – –
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0.71 and 0.72, p = 0.003 and 0.015, respectively). For dif-
ferentiating CCC from EC, the  ADCmean and 10th, 50th 
and 90th percentile ADCs had AUCs of 0.79, 0.72, 0.81 
and 0.85, without significant differences in AUCs among 
the four histogram-derived parameters (all p > 0.05). To 
sum up all the significant results, a simple but clean diag-
nostic procedure for three types of tumors is displayed in 
Fig. 3.

Discussion

The present study demonstrated that the traditional  ADCSC 
had an excellent performance for differentiating between 
SMBT and CCC/EC, while the whole-tumor ADC histogram 
analysis had both complementary role and unique advan-
tages for differentiating between CCC and EC.

There were no significant differences in clinical character-
istics, such as age, tumor laterality and FIGO stage, between 
CCC and EC, similar to previous studies [10, 14]. Although 
it has been reported that SMBT can involve the bilateral 
ovaries in up to 40% of patients [5], in our study, all SMBT 
occurred in a unilateral ovary. The number of early-stage 
tumors and small sample size might explain the inconsist-
ency. The mean age at diagnosis was significantly younger 
in patients with SMBT (39.91 ± 12.08 years) than in patients 
with CCC/EC (51.48 ± 9.52, 52.24 ± 8.15 years). This find-
ing was consistent with a previous review that reported an 
average age of 34–44 years for patients with SMBT [6]. The 
volume of SMBT in our study (187.6  cm3) was significantly 
smaller than that of CCC/EC (537.0  cm3/280.1  cm3). This 
finding is consistent with those of previous studies that 
showed a significantly smaller tumor size and a smaller por-
tion of solid components in SMBT than in other endome-
triosis-related malignant tumors [1, 6]. In this study, most 
of the enrolled patients were at early FIGO stages (80.9% 
SMBTs, 97.6% CCCs and 100% ECs). Similar to the previ-
ous studies, of which up to 90% of SMBT patients presented 
as FIGO I stage, and CCC and EC patients were more likely 
to be diagnosed at early stages [5, 7]. Also, our results were 
consistent with the reported results of higher endometriosis 
coexisting in early disease [24, 25].

A previous study showed that SMBT had a higher  ADCSC 
value than CCC and EC [1]. This is generally understood 
as a consequence of greater tumor cellularity in malignan-
cies, which limits the free diffusion of water molecules [26]. 
Our study also confirmed that the  ADCSC value was signifi-
cantly higher in SMBT than in CCC and EC and yielded 
an excellent performance for differentiating SMBT from 
CCC and EC (both AUCs of 0.97). However, MRI findings 
of CCC and EC often overlap, and few studies have suc-
ceeded in differentiating them [10, 14, 27]. The morpho-
logical features of EC, such as multilocular cysts, a broad Ta
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base (small height/width ratio), a multifocal or continuing 
growth pattern of the mural nodules and the presence of 
ascites, were reported in different studies with AUCs rang-
ing from 0.50 to 0.76 [10, 14]. One reported that the mean 
 ADCSC value was 1.24 ± 0.17 ×  10–3  mm2/s in 17 cases of 
CCC, which was significantly higher than that of 14 cases of 
EC (0.84 ± 0.10 ×  10–3  mm2/s) [15]. In our study, the  ADCSC 

value was 1.2 ×  10–3  mm2/s in 42 cases of CCC, compared 
with 1.0 ×  10–3  mm2/s in 21 cases of EC, without a signifi-
cant difference. Larger sample sizes and tumors with a his-
topathological confirmation of endometriosis might explain 
the difference between the two studies.

Although our whole-tumor histogram analysis showed no 
significant differences in the  ADCmean between the SMBT 
and CCC/EC groups, the 50th and 90th percentile ADCs 
were significantly lower in SMBT than in CCC, inconsistent 
with the  ADCsc. These findings could be explained by the 
different methods used to draw ROIs. In addition to the solid 
components of tumors, cystic contents were also included 
in the whole-tumor histogram analysis, which could com-
promise the  ADCmean differences between SMBT and CCC/
EC. Whole-tumor ADC histogram analysis can provide 
more detailed information on the diffusion characteris-
tics of tumors than traditional ADC values [15], allowing 
the evaluation of intratumoral heterogeneity [28]. No sig-
nificant differences were found in inhomogeneity, entropy, 
skewness or kurtosis among SMBT, CCC and EC. ROI of 
whole-tumor components might be the reason. Endometri-
osis-related tumors usually present most of bloody cystic 
fluid and small part of solid components. The heterogene-
ity might be masked, and the differences among the three 
tumors might be compromised. The  ADCmean and 10th, 50th 
and 90th percentile ADCs could be useful for differentiat-
ing CCC from EC, and the 90th percentile ADC showed 
the largest AUC of 0.85. Previous studies have suggested 
that lower percentile ADCs might represent the hypercel-
lular component of the tumor, while higher percentile ADCs 
might represent the cystic content of the tumor [18, 29, 30]. 

Fig. 2  ROC curves of the  ADCSC and whole-tumor histogram-
derived parameters for the differentiation of SMBT, CCC and EC. a 
ROC curve for differentiating between SMBT and CCC. The AUCs 
of the  ADCSC, volume, and 50th and 90th percentile ADCs were 
0.97, 0.86, 0.72 and 0.81, respectively, with no significant difference 
between the AUCs of the  ADCSC and volume (p = 0.097) or the 90th 
percentile ADC (p = 0.053), and with a significant difference between 
the AUCs of the ADC and 50th percentile ADC (p = 0.003). b ROC 

curve for differentiating between SMBT and EC. The AUC of the 
 ADCSC was 0.97, which was significantly higher than that of volume 
(0.71; p = 0.003) and the 10th percentile ADC (0.72; p = 0.015). c 
ROC curve for differentiating between CCC and EC. The AUCs of 
the  ADCmean and 10th, 50th and 90th percentile ADCs were 0.79, 
0.72, 0.81 and 0.85, respectively, with no significant difference 
among them (all p > 0.05).  ADCSC, ADC of solid components; ROC 
receiver operating characteristic; AUC  area under the curve

Fig. 3  Diagnostic procedure for differentiation of SMBT, CCC and 
EC. When endometriosis-related tumors are suspected clinically, tra-
ditional mean  ADCsc is firstly used. SMBT can be diagnosed excel-
lently with  ADCsc ≥ 1.5 ×  10−3   mm2/s. And then CCC and EC are 
discriminated with whole-tumor ADC histogram analysis. When 
 ADCmean and 10th, 50th and 90th percentile ADCs are more than 2.0, 
1.2, 2.4 and 2.6 ×  10−3  mm2/s, CCC can be diagnosed efficiently
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Our study showed a significantly lower 10th percentile ADC 
in EC than in SMBT and CCC, indicating greater tumor cel-
lularity in EC, consistent with previous studies [1, 23, 26], 
and significantly higher 50th and 90th percentile ADCs in 
CCC than in SMBT and EC, indicating more cystic contents 
and smaller overall and solid portion sizes in SMBT and 
EC [1]. Furthermore, previous studies showed that the ADC 
value of the cystic content decreased as blood and protein 
concentrations increased [30], and the signal intensity of 
cystic contents on T1WI was significantly higher in SMBT 
than in CCC [5]. These findings could be ascribed either to 
hemorrhagic, mucinous and mucopurulent fluid in SMBT 
[5], or nonhemorrhagic serous fluid produced by the more 
malignant CCC [15] and different transformation pathways 
and time phases between CCC and EC [23, 31, 32].

Our study had several limitations. First, it was a retro-
spective study with a small sample size, especially the num-
ber of patients with SMBT. However, considering the rarity 
of SMBT, it might be difficult to perform a large cohort 
study. Second, some clinical information, such as the CA 
125 level, was deficient in some cases, as we enrolled 
patients for a long period of time. A history of menstruation 
and related serum tests may provide additional information 
for the diagnosis of endometriosis-related diseases. Third, 
only ADC histogram analysis was performed in our study. 
Because endometriosis-related tumors undergo repeated 
cycles of hemorrhage, the different ages of the hemorrhage 
in the cysts tends to have a varied but characteristic signal 
on T1WI and T2WI. Histogram analysis of T1WI and T2WI 
may contribute to the differentiation of SMBT, CCC and EC.

Conclusions

In summary, this study demonstrated that the traditional 
 ADCSC had an excellent performance in differentiating 
SMBT from CCC/EC and was incompetent in differentiat-
ing CCC from EC, while the whole-tumor ADC histogram 
analysis had both complementary role in differentiate SMBT 
from CCC/EC, and unique advantages in differentiating 
CCC from EC.
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