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ABSTRACT
Objective: To investigate the effectiveness of diffusion-weighted imaging (DWI) in the differentiation of benign and malignant
endometrial pathologies by measuring the apparent diffusion coefficient (ADC) values and performing a visual evaluation.
Study Design: Cross-sectional study.
Place and Duration of Study: Department of Radiology, Gaziosmanpasa Training and Research Hospital, Istanbul, Turkey,
from January 2017 to September 2019.
Methodology: The inclusion criteria were women over 45 years of age with availability of the pelvic MRI in the PACS and the
presence of pathological diagnosis by endometrial D and C or hysterectomy. Exclusion criteria were patients under 45 years of
age, absence of histopathological results, hematoma or intrauterine device in the endometrial cavity, and endometrial thick-
ness less than 5 mm. Quantitative ADC values were measured on ADC maps created automatically based on DWI data. DWI
and ADC maps were also evaluated visually to differentiate between benign and malignant pathologies.
Results: Endometrial pathology was detected in a total of 88 patients, 36 of which were malignant and 52 benign lesions. The
mean ADC values for both observers and the sensitivity and specificity in the differentiation of benign and malignant endome-
trial lesions were 81% - 75% and 88% - 90%, respectively (p<0.001 for both observers). The visual evaluation of b values and
ADC map on DWI was also performed together, and the sensitivity and specificity in the differentiation of benign and malignant
endometrial lesions were 81% - 86% and 69% - 56% for both observers, respectively (p <0.001 for both observers).
Conclusion: ADC measurements are useful in differentiating benign and malignant endometrial pathologies, and visual evalua-
tion of the ADC map and b values in DWI together also provides positive results.
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INTRODUCTION

Uterine cavity tumours include a wide range of benign and
malignant tumours, such as endometrial hyperplasia, submu-
cosal  fibroids,  endometrial  polyps,  and endometrial  cancer,
causing pathological appearance in the uterus. These patholo-
gies,  and  sometimes  even  the  normal  endometrium,  may
display features that can be confused with each other.1

It has been claimed that the diagnosis of endometrial carci-
noma can be made with sonographic findings such as increased
endometrial thickness and contour irregularity.
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However,  these  findings  may  be  insufficient  to  distinguish
endometrial carcinoma from some benign pathologies such as
physiological proliferation, hyperplasia, and polyps.2 Magnetic
resonance imaging (MRI) is more sensitive than ultrasonography
(USG), and become a popular method in evaluating the endome-
trial cavity and soft tissue, yet it also has limitations in separating
benign and malignant lesions.3 Endometrial biopsy and curet-
tage are seen as the most reliable diagnostic methods, it may
result in complications and patient non-compliance due to this
being an invasive intervention.  It  was reported 2-28% of the
cases cannot be diagnosed for these reasons.4

Recently, many studies using diffusion-weighted imaging (DWI)
in  the  differentiation  of  benign  and  malignant  endometrial
pathologies have been conducted and positive results have been
reported in this regard. It has been reported that the apparent
diffusion coefficient (ADC) values ​​measured in these studies can
be  useful  in  the  differentiation  of  benign  and  malignant
lesions.1,5-8 Similar studies have been conducted in the literature
in which DWI signals and ADC maps were visually evaluated in
the differentiation of benign and malignant liver masses.9,10 To
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the best of the authors’ knowledge, this is the first study to utilise
visual evaluation with the combined use of the multi- b values of
DWI and the signal in the ADC map in the characterisation of
endometrial pathologies. The aim of this study was to investigate
whether  endometrial  benign-malignant  pathologies  can  be
differentiated by visual evaluation of diffusion-weighted MRI and
ADC map, as well as by measuring ADC.

METHODOLOGY
After obtaining approval from the hospital ethics committee for
this study (Decision No: 104, dated: 24/07/2019), patients who
underwent pelvic MRI between January 2017 and September
2019 in the Health Sciences University, Radiology Clinic of Gazios-
manpaşa Training and Research Hospital, were scanned retro-
spectively. Among the perimenopausal-postmenopausal (over
45 years old) patients with a lesion in the endometrium or with an
endometrial wall thickness greater than 5 mm in pelvic MRI exam-
inations, a total of 101 patients with pathology results in the
hospital system were included in the study. Of these patients, 6
patients  were  excluded  from  the  study  because  the  biopsy
results  were  non-diagnostic,  and  4  patients  were  excluded
because DWI was of insufficient quality. In addition, 3 patients
with hematoma in the endometrial cavity or intrauterine device
were excluded from the study. The evaluation started with a total
of 88 patients who met the inclusion criteria. Patients with a
maximum of 2 months between the imaging dates and the biopsy
dates were included in the study. According to the pathology
results, the diagnosis was made by hysterectomy in 25 patients
and by endometrial dilatation/curettage (D and C) biopsy in the
remaining 63 patients.

MRI examination of all patients was performed using a 1.5T MRI
device  GE  Signa  Explorer  1.5  Tesla  (GE  Medical  System,
Milwaukee, WI, USA) and GE 1.5 T HD 8 channel Body array coil.
MRI protocol included routine pelvic images before intravenous
(IV)  contrast:  T2W  fr-FSE  without  fat  suppression  in  axial,
sagittal, and coronal planes, T2W fr-FSE FAT with fat suppression
in axial  plane,  T1W FSE-ARC without  fat  suppression in  axial
plane, LAVA without fat suppression in axial plane, LAVA with fat
suppression  in  axial,  sagittal,  and  coronal  planes,  and  DWI
images of the pelvis. DWIs were obtained in the axial plane by
applying diffusion sensitive gradients in all three directions (x, y,
z) using the breath-hold SSh-TSE-EPI sequence, with 4 different b
values (b=0, 50, 800, and 1000 s/mm2). ADC maps of isotropic
images  were  created  automatically  by  the  device.  The  ADC
values of the masses were created on the second console of the
MRI using the ADC maps created with the GE Signa Explorer 24
software.

Two radiologists with 8 years of experience in abdominal radi-
ology (F.C) and 4 years of radiology experience (I.B) who were
blinded to the pathology results independently evaluated the
images. Images were transferred to the GE Signa Explorer soft-
ware workstation for evaluation. ADC measurement was made
from the hyperintense area of the DWI at high b values (b=1000
s/mm2) and the corresponding hypointense area in the ADC map
in  malignant  lesions.  ADC measurement  was  made from the
hyperintense area in the ADC map in benign lesions (Figures 1

and  2).  During  the  measurement,  ADC  measurement  was
performed by placing the largest possible ROI (region of interest)
from the solid areas of the lesion that did not contain the cystic-ne-
crotic or hemorrhagic component. The localisations and struc-
tures of the masses were verified in axial, coronal, and sagittal
T2W, and contrasted T1 images. ADC measurements were made
by radiologists at different times, independently of each other,
and averaged based on measurements from 3 different loca-
tions.

Figure 1: A 46-year-old patient with a diagnosis of an endometrial polyp. The
appearance of the lesion in the sagittal plane in the T2W sequence without
fat suppression (a), in the sagittal LAVA sequence with IV contrast (b). In
DWI, it is observed as hypointense at high b values ​​(b=1000 s/mm2) (c) and
as  hyperintense-isointense  on  the  ADC  map  (d).  The  ADC  values  ​​were
measured as 1.42x10-3 mm2 /s and 1.66x10-3 mm2 /s for both observers, respec-
tively. Both observers evaluated it as benign.

Figure 2: A 69-year-old patient with a diagnosis of endometroid-type adeno-
carcinoma. The appearance of the mass in the sagittal plane in the T2W
sequence without fat suppression (a), in the sagittal LAVA sequence with IV
contrast (b). In DWI, it is observed as hyperintense at high b values ​​(b=1000
s/mm2) (c) and hypointense on the ADC map (d). The mean ADC value was
measured as 0.73 x10-3 mm2/s for both observers. Both observers evaluated
it as malignant.
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Four weeks after ADC measurements were made, two radiolo-
gists independently evaluated the b values in DWI and ADC
images on PACS images, without knowing the pathology results
and ADC measurements. Lesions with signal loss in increasing b
values (b=0, 50, 800, and 1000 s/mm2) on DWI images and
hyperintense lesions relative to the myometrium on the corre-
sponding ADC map were classified as benign, lesions with no
signal  loss  or  increased  signal  in  increasing  b  values,  and
appeared hypointense compared to the myometrium on the
corresponding ADC map were classified as malignant (Figures 1
and 2).

Normality was checked by Shapiro Wilk test, histogram, Q-Q
plot, and box plot graphs. Data were presented as mean, stan-
dard deviation, median, minimum, maximum, frequency, and
percentage. Variables between the two groups were analysed
with the Mann-Whitney U test.  A receiver operating charac-
teristic  (ROC)  analysis  was  conducted.  The  area  under  the
curves  (AUCs)  was  measured  for  each  observer.  Using  the
DeLong method, it was checked whether there was a statisti-
cally  significant  difference  between the  AUC values  ​​of  both
observers. Diagnostic tests (sensitivity, specificity, PPD, NPD,
Accuracy) and 95% confidence intervals were given. Intraclass
correlation coefficients with 95% CI were calculated to assess
interobserver agreement. The significance level was taken as
p<0.05  and  two-tailed.  Analyses  were  performed  using  the
NCSS 10 (2015. Kaysville, Utah, USA) software program.

RESULTS

The mean age of the patients was 59 ± 10.2 (45-89) years. Of
the 88 patients included in the study, 36 (41%) had malignant
and 52 (59%) had benign pathology. Of the malignant tumours,
31  (86%)  were  endometrial  adenocarcinoma  (histological
grade; grade 1 in 10 patients, grade 2 in 17 patients, grade 3 in 4
patients), 2 (6%) were squamous cell carcinoma (SCC), 2 (6%)
were serous adenocarcinoma, and 1(3%) was clear cell adeno-
carcinoma.  In  a  total  of  52  benign  lesions,  23  (44%)  were
endometrial polyps, 15 (29%) were endometrial hyperplasia, 3
(6%) were intraepithelial neoplasia-carcinoma in situ, 9 (17%)
were normal endometrial tissue in the secretory phase, and 2
(4%) were chronic endometritis.

In the present study, mean ADC measurement values ​​in malig-
nant and benign lesions were 0.98±0.3 and 1.43±0.33 x10-3

mm2/s for the 1st observer and 0.94± 0.22 and 1.46±0.3 x10-3

mm2/s for the 2nd observer, respectively (Table I). Median ADC
measurement values ​​in malignant and benign lesions were 0.88
(0.60-2.05) and 1.41 (0.73-2.16) x10-3 mm2/s for the 1st observer
and 0.88 (0.68-1.66) and 1.46 (0.87-1.97) x10-3 mm2/s for the 2nd

observer, respectively (Table I). The mean ADC values of malig-
nant lesions for both observers were significantly lower than
benign lesions (p<0.001 for both observers). AUCs values were
measured  as  0.86  (0.78-0.95)  and  0.92  (0.86-0.98)  for
observers  1  and  2,  respectively.  There  was  no  statistically
significant difference between the AUCs values ​​(p=0.12). As a
result of the ROC analysis, the ADC cut-off values ​​for the differen-

tiation of benign and malignant lesions for both observers were
found  to  be  1.048  and  1.046,  respectively.  The  sensitivity,
specificity, PPD, NPD, and accuracy of benign-malignant differ-
entiation of endometrial lesions with mean ADC value was 81%
(64-92)- 75% (58-88), 88% (77-96)- 90% (79-97), 83% (69-91)-
84% (70-93), 87% (77-93)- 84% (75-90) and 85% (76-92)- 84%
(75-91) for observer 1 and observer 2, respectively (Table II).
The intraclass correlation coefficient for the characterisation of
endometrial  pathologies  with  mean  ADC  measurement  was
0.84 (95% CI, 0.77–0.89) showing good agreement between the
observers.

Table I: Mean ADC (x10-3) values for observers.

Lesion Observer 1 Observer 2
Benign (n=52) 1.43 ±0.33

1.41 (0.73-2.16)
1.46±0.3
1.46 (0.87-1.97)

Malignant (n=36) 0.98 ±0.3
0.88 (0.60-2.05)

0.94± 0.22
0.88 (0.68-1.66)

p-value <0.001* <0.001*
Data in the first line are means±standard deviations, and data in the
second line are the medians (minimum-maximum).  * p-value of Mann-
Whitney test.

Table II: The diagnostic performance of observers with ADC measure-
ment.

Diagnostic performance
(%)

Observer 1 Observer 2

Sensitivity (95% CI) 81 (64-92) 75 (58-88)
Specificity (95% CI) 88 (77-96) 90 (79-97)
PPV (95% CI) 83 (69-91) 84 (70-93)
NPV (95% CI) 87 (77-93) 84 (75-90)
Accuracy (95% CI) 85 (76-92) 84 (75-91)
ADC; apparent diffusion coefficient, CI; confidence interval, PPV; positive
predictive value, NPV; negative predictive value.

Table III: The diagnostic performance of observers with visual evalu-
ation.

Diagnostic performance
(%)

Observer 1 Observer 2

Sensitivity (95% CI) 81 (64-92) 86 (71-95)
Specificity (95% CI) 69 (55-81) 56 (41-70)
PPV (95% CI) 64 (54-74) 57 (49-65)
NPV (95% CI) 84 (72-91) 85 (71-93)
Accuracy (95% CI) 74 (63-83) 68 (57-78)
CI; confidence interval, PPV; positive predictive value, NPV; negative
predictive value.

The sensitivity, specificity, PPD, NPD, and accuracy of benign--
malignant  differentiation  of  endometrial  lesions  with  DWI
visual  evaluation  (by  evaluating  b  values  and  ADC  maps
together in DWI) was 81% (64-92)- 86% (71-95), 69% (55-81)-
56% (41-70), 64% (54-74)- 57% (49-65), 84% (72-91) - 85%
(71-93), and 74% (63-83) - 68% (57-78) for observer 1 and
observer 2, respectively (Table III).  True positive results for
observers 1 and 2 on the visual assessment are 36/52 and
29/52 for benign and 29/36 and 31/36 for malignant patholo-
gies  respectively  (all  p<0.001).  In  the  characterisation  of
endometrial pathologies by DWI visual evaluation without ADC
measurement, the agreement between the two observers was
measured as 0.7 ± 0.07 (p<0.001), and the agreement rate
was found to be high.
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DISCUSSION

Many promising studies have been published recently in the
differentiation of benign and malignant endometrial patholo-
gies using DWI.5-8,11-18 In the present study, the authors evalu-
ated  various  endometrial  pathologies  quantitatively  on  the
ADC map and visually on DWI-ADC.

The quantitative results with ADC measurement were similar to
the previously published studies.1,6-8 In the study of Bakır et al.
with 140 patients, 61 of whom were malignant and 79 were
benign, the mean ADC values were found to be 0.8±0.1 x10-3

mm2/s in the malignant group and 1.4±0.2 x10-3 mm2/s in the
benign group.6 In the study of Tamai et al. with 18 patients with
endometrial cancer (histological grades; 10 patients grade 1, 4
patients grade 2, 4 patients grade 3), mean ADC values were
measured as 0.88±0.16 x10-3 mm2/s in the malignant group
and  1.53±0.1  x10-3  mm2/s  in  the  benign  group.19  It  was
suggested that there may be a correlation between low ADC
values and increasing histological grade in endometrial cancer.
In addition, in the study by Yan et al.  with 98 patients with
endometrial  cancer  (80  patients  with  endometrial  type,  18
patients with non-endometroid type), 67 of the patients had
high-grade and 31 patients had low-grade tumours.20 The mean
ADC values of low-grade tumours were reported as 0.96 ± 0.23,
and that of high-grade tumours as 0.8±0.11. In the present
study, the mean ADC values measured in the malignant patient
group were relatively higher compared to the literature, and
the authors think that this is due to the high ratio of low-grade
lesions in this study.

In the study by Takeuchi et al. with 67 patients, 45 of whom had
malignant and 22 of whom had benign lesions, ADC values were
0.84 ± 0.19 and 1.58 ± 0.36 x10-3 mm2/s for endometrial malig-
nant  and  benign  lesions,  respectively  (p  <0.001).1  In  their
study, a cut-off value of 1.2 x10-3 mm2/s for malignant lesions,
had the sensitivity, specificity, PPD, and NPD values to be 96%,
95%, 98%, and 91%, respectively. In the study by Karakaş et al.
with 32 patients, 10 of whom had malignant and 22 of whom had
benign lesions, the ADC values in malignant and benign lesions
were  0.73±0.15  x10-3  mm2/s  and  1.28±0.37  x10-3  mm2/s,
respectively.8 Cut-off value of 0.91 x10-3 mm2/s for malignant
lesions found a sensitivity value of 90% and a specificity value of
82% in lesion characterisation.8 In the study by Keçeci et al., the
mean  ADC  value  in  malignant  and  benign  lesions  was
0.94±0.18 x10-3  mm2/s  and 1.45±0.22 x10-3  mm2/s,  respec-
tively, and the sensitivity and specificity values were 86% and
93%, respectively at the cut-off value of 1.1 x10-3 mm2/s for
malignant lesions.21 In the study by Fujii et al., ADC values were
measured  as  0.94±0.19  x10-3  mm2/s  and  1.44±0.34  x10-3

mm2/s for malignant and benign lesions, respectively, and when
they took the cut-off value of 1.15 x10-3 mm2/s for malignant
lesions,  the sensitivity,  specificity  and accuracy levels  were
found as 85%, 100%, and 92%, respectively.7 In the present
study, when the ADC cut-off values were taken as 1.048 and
1.046  for  both  observers,  respectively,  the  sensitivity,

specificity, PPD, NPD, and accuracy of the ADC values for the
two observers in the differentiation of benign and malignant
endometrial lesions was 81% - 75%, 88% - 90%, 83% - 84%, 87 -
84%,  and  85%  -  84%,  respectively  (p  <0.001  for  both
observers). Except for Karakaş et al.,8 the cut-off value is consis-
tent with other studies in the literature. In the study by Karakaş
et al., the cut-off value was determined as 0.91 x10-3 mm2/s,8

which differs from the present and other studies in the litera-
ture.  This  may  have  resulted  from  the  submucosal  myoma
patients included in the benign group, or the ratio of high-grade
lesions in the malignant patient group in the study of Karakaş et
al.8 In the present study, ADC cut-off value (except for Karakaş
et al.8) and sensitivity, specificity, PPD, NPD, accuracy rates in
the characterisation of endometrial lesions using ADC measure-
ments were found to be similar and statistically significant.

In  the  double-blinded  study  by  Kierans  et  al.,5  endometrial
pathologies were visually evaluated according to whether there
was an increase in signal at high b values in DWI. For observer 1,
20% of benign lesions and 82% of malignant lesions, and for
observer 2, 20% of benign lesions and 94% of malignant lesions
showed an increased signal of high b values. With these data,
sensitivity, specificity, PPD, NPD, and accuracy values for both
observers  in  the  differentiation  of  benign  and  malignant
endometrial lesions using increased b values were 82%-94%,
80%-80%,  67-70%,  90-97%,  and  81%-85%,  respectively
(p<0.001 for both observers). In the same study, a separate
visual evaluation was conducted according to whether there
was a signal loss in the lesion by taking the normal myometrium
as a reference in the ADC map. For observer 1, 40% of benign
lesions and 82% of malignant lesions, and for observer 2, 20% of
benign lesions and 94% of malignant lesions showed a signal
loss in the ADC map. The sensitivity, specificity, PPD, NPD, and
accuracy  values  for  both  observers  in  the  differentiation  of
benign and malignant endometrial lesions with signal loss in the
ADC map were 88% - 94%, 60% - 80%, 52-70%, 91-97%, and
69%-85%, respectively (p <0.001 for both observers). Bakir et
al. evaluated endometrial lesions visually only on the basis of
high b-value (b=1000 s/mm2) signal features and evaluated
69.8% of polyps as hypointense-isointense, and 100% of malig-
nant and other benign groups as hyperintense.6  In addition,
Tamai et al. reported in their study that malignant lesions and
normal endometrial tissue were observed as hyperintense at
high b (b=1000 s/mm2) values, and therefore they could not be
used in lesion characterisation.19 These data contradict the high
sensitivity, specificity, PPD, NPD, and accuracy rates by Kierans
et al.5 in the differentiation of malignant-benign lesions using
high b values. The authors also have the opinion that using b
values alone ​​in DWI is not sufficient for lesion characterisation,
and  it  would  be  more  appropriate  to  visually  evaluate  ADC
values ​​in combination with b values. In the characterisation of
endometrial pathologies, b values ​​on DWI and signals on the
ADC map were visually evaluated qualitatively and quantita-
tively with signal measurement on the ADC map, and benign--
malignant differentiation could be made with both methods
(p<0.001 for both observers and both evaluations).
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There are certain limitations of the present study. First, the
study design was retrospective and was conducted in a single
centre.  Subtypes other  than endometrioid-type adenocarci-
noma were very few in malignant lesions, which prevented us
from comparing malignant lesions among themselves. Among
the benign lesions, we had patients who were pathologically
diagnosed with D&C. This biopsy method is prone to sampling
errors.4,22

CONCLUSION

According to the results of the present study, benign-malignant
differentiation of endometrial pathologies can be made with
ADC measurements. Similarly, visual evaluation of b values in
DWI and of the ADC map gave positive results in the differentia-
tion  of  benign  and  malignant  lesions.  Characterisation  of
endometrial pathologies can be performed by visual evaluation
of DWI without ADC measurement.
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