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Objective: Endometrial cancer is the most common gynaecological malignancy in
developed countries. Histological grade and subtype are important prognostic factors
obtained by pipelle biopsy. However, pipelle biopsy ‘‘samples’’ tissue and a high-grade
component that requires more aggressive treatment may be missed. The purpose of the
study was to assess the use of diffusion-weighted MRI (DW-MRI) in the assessment of
tumour grade in endometrial lesions.
Method: 42 endometrial lesions including 23 endometrial cancers and 19 benign
lesions were evaluated with DW-MRI (1.5T with multiple b-values between 0 and 750
s mm22). Visual evaluation and the calculation of mean and minimum apparent diffusion
coefficient (ADC) value were performed and correlated with histology.
Results: The mean and minimum ADC values for each histological grade were
1.02 ¡ 0.2961023 mm2 s21 and 0.74 ¡ 0.2461023 mm2 s21 (grade 1),
0.88 ¡ 0.3961023 mm2 s21 and 0.64 ¡ 0.3661023 mm2 s21 (grade 2), and
0.94 ¡ 0.3261023 mm2 s21 and 0.72 ¡ 0.3661023 mm2 s21 (grade 3), respectively.
There was no statistically significant difference between tumour grades. However, the
mean ADC value for endometrial carcinoma was 0.97 ¡ 0.31, which was significantly
lower (p,0.0001) than that of benign endometrial pathology (1.50 ¡ 0.14). Applying a
cut-off mean ADC value of less than 1.28 6 1023 mm2 s21we obtained a sensitivity,
specificity, positive predictive value and negative predictive value for malignancy of
87%, 100%, 100% and 85.7%, respectively.
Conclusion: Tumour mean and minimum ADC values are not useful in differentiating
histological tumour grade in endometrial carcinoma. However, mean ADC
measurement can provide useful information in differentiating benign from malignant
endometrial lesions. This information could be clinically relevant in those patients
where pre-operative endometrial sampling is not possible.
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Endometrial carcinoma is the commonest gynaecolo-
gical malignancy in developed countries [1, 2]. The
majority of patients present with intermenstrual or post-
menopausal bleeding, with approximately 70–80% hav-
ing early (Stage I) disease at presentation [1, 3]. Despite
the relatively high incidence, endometrial cancer is not a
common cause of cancer death with a 5 year survival of
approximately 80% when all stages are considered
together [4].

The most important prognostic indicators in endome-
trial cancer are FIGO (International Federation of
Gynecology and Obstetrics) stage, lymphovascular inva-
sion, histological subtype and grade, and the presence
of lymph node metastases [4–8]. FIGO staging of endo-
metrial cancer is a surgico-pathological staging system
that includes total hysterectomy, bilateral salpingo-
oophrectomy and peritoneal washings with full pelvic
lymphadenectomy [9]. The overall rate of lymph node
involvement in endometrial cancer is low (5–8%) and
lymphadenectomy carries a reported complication risk

of up to 17–19% [10, 11], which is particularly marked in
patients who are at high surgical risk, such as those who
are obese, diabetic or suffer from ischaemic heart disease
[12]. As a result, only around 30% of endometrial cancer
patients undergo lymphadenectomy in the USA as a
whole, increasing to 48.3% in specialised cancer centres
[13]. The role of lymphadenectomy in the management of
endometrial cancer is currently an area of controversy in
gynaecological oncology with no clear evidence regard-
ing the survival benefits associated with the procedure
[14–17]. However, in patients who are at high risk of
nodal metastases most centres continue to perform
lymphadenectomy.

Accurate pre-operative identification of patients at
high risk of nodal metastases would allow the selection
of patients for lymphadenectomy, while those at low risk
could be treated with simple hysterectomy. Histological
tumour grade is a strong predictor of nodal invasion and
thereby prognosis in endometrial cancer [18, 19]. In
patients with FIGO Stage 1 disease, grade 1 or grade 2
histology carries a less than 10% risk of nodal metastases.
However, grade 3 histology carries an overall risk of 18%
in Stage 1 disease, which increases to 34% when
considering patients with deep myometrial invasion
[18, 19]. Pre-operative cytology from pipelle or curettage
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specimens only samples the endometrial tissue and
therefore does not always provide accurate assessment
[20, 21]. In a study of patients with grade 1 histology
pre-operatively 19% were upgraded following surgical
resection [22].

Diffusion-weighted MRI (DW-MRI) is a functional
imaging technique that looks at the Brownian motion of
water in tissues. In biological tissues this is restricted by
interactions with cell membranes and macromolecules
on a microscopic level. Increased tissue cellularity, as
seen in tumours, restricts Brownian motion, which can
be quantified by calculation of the apparent diffusion
coefficient (ADC) [23].

Previous publications have demonstrated that endo-
metrial carcinoma may be distinguished from normal
endometrium on DW-MRI [24–30]. It has also been
suggested that DW-MRI may be useful in the pre-
operative assessment of tumour grade [26, 31]. The
purpose of this study is to determine if there is a
correlation between histological tumour grade and ADC
value in endometrial cancer.

Methods and materials

The study protocol was approved by the local insti-
tutional review board. All patients gave permission for
the use of their anonymised data for research purposes at
the time of their scan.

Study population

This retrospective study was performed between April
2007 and June 2009. The study group consisted of 23
female patients (mean age: 62.4 years; age range: 44–92
years) with histologically proven endometrial cancer
who underwent pelvic MRI with diffusion-weighted
sequences at our institution. MRI was performed to
assess the extent of tumour invasion and local staging
following histological confirmation of endometrial
cancer at curettage or pipelle biopsy.

For comparison, analysis was performed on 19 female
patients (mean age: 46 years; age range: 19–89 years)
undergoing pelvic MRI for other indications. Two

patients underwent MRI following complete hystero-
scopic removal of a malignant endometrial polyp where
subsequent hysterectomy showed no residual tumour
(therefore MRI performed after hysteroscopy imaged
benign endometrium only). The indications for MRI in
the remaining 17 patients were menstrual abnormality/
post-menopausal bleeding (n 5 4), follow-up for pre-
vious borderline ovarian tumour (n 5 3), adnexal mass
characterisation (n 5 5), cervical cancer with no evidence
of endometrial involvement (n 5 4) and screening for
familial paraganglioma syndrome (n 5 1).

MR scanning protocol

All participants were imaged using a 1.5 Tesla Philips
Achieva MRI scanner (Philips Medical Systems, Best, the
Netherlands) in conjunction with a 4-element torso
phased array coil.

For all sequences, the field of view (FOV) and number
of slices were optimised for each individual patient to
cover the anatomy of interest. All participants under-
went axial T1 weighted, axial T2 weighted and sagittal T2

weighted turbo spin-echo (TSE) sequences and diffusion-
weighted scans. In addition, further axial oblique T2

weighted TSE sequences (obtained in a plane perpendi-
cular to the long axis of the uterine body) and contrast
medium enhanced imaging were performed in those
patients with endometrial cancer. The contrast enhanced
sequences comprised axial oblique pre- and post-
gadolinium (10 ml Dotarem (279.32 mg ml21), Guebert,
Paris, France) T1 weighted fat saturated sequences,
including a dynamic perfusion run in the sagittal plane
with five dynamic acquisitions. Details of sequence
parameters are given in Table 1.

DW-MRI images were obtained using a multislice
single-shot spin-echo type echo planar sequence under
free breathing. Diffusion images were synthesised iso-
tropic with the mean of three orthogonal directions being
taken. The following parameters were used: repetition
time (TR) 5300–5800 ms, time to echo (TE) 62 ms, echo
planar imaging (EPI) factor 60, number of acquisitions
(NSA) 3, FOV 400–450 mm, rectangular FOV (RFOV) 75%,
matrix 112 6 256, 32 slices, slice thickness 6 mm, slice
gap 1 mm, 2 to 6 b-values between 0 and 1000 s mm22. In

Table 1. MRI scan parameters

T2 weighted
axial TSE

T2 weighted
sagittal TSE

T2 weighted
oblique TSE

T1 weighted axial
TSE

T1 weighted fat
saturated

Dynamic scan

TE (ms) 100 100 100 18 18 1.8
TR (ms) .3300 .3300 5362 500–600 621 3.7
FOV 375–450 240–300 240 375–450 240–320 280–320
RFOV (%) 70–75 100 91 70 100 100
Slice thickness (mm) 6 4 3 6 5 8
Slice gap (mm) 0.6–1 0.4–1 0.3 0.6–1 0.5 –4
Number of slices 32 25–30 24–30 32 20 40
NSA 6 6 6 3 3 6
Matrix 294 6 512 256–282 6 512 205 6 256 320 6 512 205 6 512 166 6 256
Turbo factor 15 14–15 16 3–4 3 60
Flip angle (degrees) 90 90 90 90 90 10
Fat saturation None None None None SPIR SPIR
Number of dynamics 1 1 1 1 1 5

TSE, turbo spin-echo; TE, echo time; TR, repetition time; FOV, field of view; RFOV, rectangular field of view; NSA, number of
acquisitions; SPIR, spectral pre-saturation inversion recovery.
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6 patients the b-values used were 0, 225, 451, 676, 901 s
mm22; in 1 patient only 2 b-values were obtained (b 5 0
and b 5 1000) and in the remaining 35 patients the
b-values used were 0, 50, 100, 250, 500, 750 s mm22. The
b-values used during the study changed owing to
optimisation of the DW-MRI protocols applied at our
institution over the period. ADC maps were generated
using the software on the Philips Achieva MRI scanner
(software package 1.5.4.3) using all available b-values.

Image analysis

Images were retrospectively reviewed by two radiol-
ogists, independently. Both readers were experienced in
reporting gynaecological oncology MRI (Reader 1 had 10
years experience; Reader 2 had 1.5 years experience). It
was not possible to fully blind the readers as many
patients with endometrial carcinoma had an obvious
endometrial mass. Readers were blinded to the grade
and histological subtype of the endometrial cancer but
knew the age and menopausal status. In patients with
benign endometrial pathology the readers were blinded
to the endometrial histology when available.

All sequences performed were available to the readers
at the time of image analysis. Each reader localised the
endometrial tumour using T2 weighted and dynamic
gadolinium images. These appearances were then
correlated with the DW-MRI sequences using the
available b-values and the corresponding ADC map.
The software used for analysis did not have the
capability for volumetric analysis. Once the tumour
was localised, the largest possible region of interest (ROI)
was drawn within the tumour on a single image slice.
Care was taken to avoid contamination of this ROI by
adjacent normal endometrium or myometrium or by
areas of fluid/necrosis within the endometrial cavity
(Figure 1). In smaller lesions this was sometimes
difficult; however, in our cohort we did not need to
exclude any patients because of small ROI size. In
patients with no visible endometrial mass, the ROI was
positioned over the largest possible area of endometrium

on a single slice. The mean and minimum ADC values
(in millimetres squared per second) were calculated by
the software on the Philips workstation using the
following formula:

ADC ~ (1=(bx{b0))ln S0=Sxð ÞÞ

where Sx and S0 represent the signal intensity of the
images acquired at bx and b0.

Statistical analysis

Mean and minimum ADC values between tumour
grades and between benign and malignant tissue were
compared using a one-way ANOVA (analysis of variance)
with p,0.05 considered significant using the Statistical
Package for Social Sciences statistical package version
18 (SPSS Inc, Chicago, Il). Interobserver variability was
evaluated using the Analyse-it statistical package (Analyse-
it Software Ltd, Leeds, UK) in conjunction with Microsoft
Excel (Microsoft Corporation, Redmond, WA) to generate
a Bland–Altman plot.

Histological validation

In patients with endometrial carcinoma, the histologi-
cal subtype and grade was confirmed following hyster-
ectomy in 20 cases. In the remaining three patients, only
pipelle or curettage samples were available as the
patients were unfit for surgery.

In patients without endometrial cancer, histological
validation of endometrial tissue was available in 12
patients (7 from pipelle or curettage samples and 5 from
hysterectomy specimens). In the remaining 7 patients it
was presumed that no endometrial abnormality was
present as the patients were asymptomatic and were
having MRI scans for unrelated clinical indications. In
these patients the MRI scans were reviewed prior to
inclusion to ensure that there were no imaging features
to suggest endometrial pathology.

(a) (b)

Figure 1. (a) Axial T2 weighted image showing an intermediate signal intensity endometrial carcinoma expanding the
endometrial cavity (arrow). (b) Apparent diffusion coefficient (ADC) map at a corresponding level showing the low signal
intensity tumour (arrow). The largest possible region of interest (ROI) is drawn around the tumour on the ADC map without
contamination from adjacent normal endometrium or myometrium. *Fibroid.
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Results

Histopathology

Of the 23 patients with endometrial carcinoma, 18 had
endometrioid adenocarcinoma (12 grade 1; 4 grade 2; 2
grade 3); 2 had mixed endometrioid adenocarcinoma
and serous papillary carcinoma; 2 had serous papillary
carcinomas and 1 had clear cell carcinoma on histology.
Clear cell and serous papillary carcinomas are consid-
ered to be aggressive histological subtypes and are
associated with a worse prognosis than endometrioid
adenocarcinoma [32–34]. Therefore in surgical planning,
and for the purpose of this study, they are taken to
represent the equivalent of grade 3 endometrioid
adenocarcinomas, giving a total of 7 patients with grade
3 histopathology.

Of the 19 patients with non-malignant endometrial
tissue, 2 had endometrial hyperplasia, 2 were in the
proliferative phase, 2 were benign polyps and 2 were
reported as benign endometrial tissue. No definitive
endometrial histology was available in 7 presumed
benign cases.

Interobserver variability

Interobserver variability in mean ADC value measure-
ment was assessed by generating a Bland–Altman plot
(Figure 2). This plot showed good agreement with the
mean difference in values between the 2 readers ranging
from 20.14 to +0.15 6 1023 mm2 s21.

Diffusion-weighted MRI analysis

DW-MR images were viewed in conjunction with con-
ventional MRI for anatomical correlation of the endome-
trium. On DW-MRI, the signal intensity of the endometrial
tumour increased with increasing b-value and the tumours
were bright in contrast to the dark background on the
b 5 750 images with corresponding low signal intensity
(restricted diffusion) on the ADC map (Figure 3). In some
cases, heterogeneity of signal intensity was seen.

ADC analysis

One patient in the non-malignant group was excluded
from the ADC analysis as there was significant patient

Figure 2. Bland–Altman plot illus-
trating the interobserver variability
between Reader 1 and Reader 2. The
95% confidence interval for the
data is 2143.3 to +154.7 mm2 s.

Figure 3. Sequential b-values showing an endometrial carcinoma becoming brighter with increasing b-value (white arrows).
The apparent diffusion coefficient (ADC) map generated using all six b-values shows the tumour returning low signal intensity
(curved black arrow) in keeping with restricted diffusion.
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movement between acquisition of diffusion data at the
six b-values and the ADC map was, therefore, difficult to
interpret and the appropriate placement of a ROI was
impossible.

The mean ADC value and standard deviation in cases
of endometrial cancer (n523) and normal endometrium
(n518) for both readers are given in Table 2. There was
minimal variability between the observers so the values
obtained by Reader 1 were used for subsequent analysis.
ROI size ranged from 53.6 mm2 to 2718.2 mm2 with a
mean of 213.6¡499.37 mm2.

The mean and minimum ADC value for each
histological grade was 1.02¡0.2961023 mm2 s21 and
0.74¡0.2461023 mm2 s21 (grade 1), 0.88¡0.3961023

mm2 s21 and 0.64¡0.3661023 mm2 s21 (grade 2), and
0.94¡0.3261023 mm2 s21 and 0.72¡0.3661023 mm2 s21

(grade 3), respectively. These ADC values show a trend
toward lower values with increasing tumour grade;
however, there was considerable overlap and no statisti-
cally significant difference was demonstrated between
tumour grades for mean ADC value or for minimum ADC
value (Figure 4 and 5). Further sub-group analysis of the
35 patients imaged using the same b-values did not
demonstrate any significant difference between tumour
grades.

There was a statistically significant difference be-
tween the mean and minimum ADC values of benign
(1.49¡0.14 6 1023 mm2 s21 and 1.16¡0.20 6 1023 mm2 s21,
respectively) and malignant (0.97¡0.31 6 1023 mm2 s21

and 0.72¡0.30 6 1023 mm2 s21, respectively) endome-
trial pathology (p,0.0001). When a cut-off mean ADC
value of 1.2861023 mm2 s21 is applied to our data a
sensitivity of 86.96% (20/23), specificity of 100% (18/18),
positive predictive value (PPV) of 100% (20/20), nega-
tive predictive value (NPV) of 85.71% (18/23), and an
accuracy of 92.68% (38/41) for malignancy is obtained
(Figure 6).

Discussion

MRI is a well-established imaging technique for the
pre-operative evaluation of endometrial carcinoma [35,
36]. However, conventional MRI sequences cannot
differentiate between carcinoma, endometrial hyperpla-
sia or benign polyps and histological confirmation is
required [35].

In this study, functional imaging with DW-MRI shows
restriction of movement of water molecules in endome-
trial cancer with increased signal intensity particularly at
high b-values (b.500 s mm22) and corresponding low
signal intensity on ADC maps. This is in agreement with
published reports of decreased ADC values in endome-
trial cancer [24–30]. It must be stressed that the DW-MRI
and ADC appearances need to be correlated with
conventional T1 and T2 weighted imaging owing to the
relatively poor resolution of DW-MRI for accurate
anatomical correlation.

Table 2. Mean apparent diffusion coefficient (ADC) value and standard deviation for endometrial cancer and normal
endometrium for Reader 1 and Reader 2

Mean ADC
(61023 mm2 s21)

Standard deviation Minimum value
(61023 mm2 s21)

Maximum value
(61023 mm2 s21)

Endometrial cancer (n523) Reader 1 0.97 0.31 0.53 1.66
Reader 2 0.96 0.30 0.57 1.64

Normal endometrium (n518) Reader 1 1.49 0.14 1.30 1.80
Reader 2 1.52 0.17 1.22 1.90

Figure 4. Box-and-whisker plot
showing the mean ADC values
(61023 mm2 s21) of endometrial
cancers in each histological grade.
The central horizontal line within the
box represents the mean value; the
bottom and top edges of the box
indicate the 25th and 75th percen-
tiles and the vertical line indicates
the range of the data. The mean ADC
value for endometrial cancer showed
a trend for being lower in grade 3
tumours than grade 1; however, this
did not reach statistical significance.
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Calculation of ADC maps from the source diffusion
images allows quantitative analysis of water diffusivity on
a microscopic level within tissues. Restriction of diffusion
is thought to be due to dense cellularity and larger cell
diameter [23]; with increasing tumour cellularity and
architectural distortion there is a reduction in the
extracellular space, which also becomes increasingly
tortuous. High-grade endometrial adenocarcinomas typi-
cally have a higher cellular density and would therefore
be expected to have lower ADC values than low-grade
tumours. However, in our cohort we found considerable
overlap in mean ADC values between the different
tumour grades making estimation of histological grade
impossible. We postulated that tumour heterogeneity may
account for this overlap and went on to assess the

minimum ADC value obtained from the tumour ROI to
quantify the most restricted part of the ROI. The rationale
for measuring minimum ADC was extrapolated from the
use of maximum standardised uptake value (SUVmax) in
assessment of tumour grade in endometrial cancer on
PET-CT [37]. Once again there was no statistically
significant difference between tumour grades. The use
of minimum ADC values in body DW-MRI can be subject
to contamination by noise, which is likely to explain this
result. Histogram analysis looking at the spread of ADC
values within the selected ROI may overcome this
problem. The lack of correlation between ADC value
(minimum or mean) and tumour grade may be a
reflection of the fact that cellularity is only one of the
factors used to determine tumour grade at histological

Figure 5. Box-and-whisker plot
showing the minimum apparent dif-
fusion coefficient (ADC) values
(61023 mm2 s21) for different
grades of endometrial carcinoma.
The central horizontal line within
the box represents the mean value;
the bottom and top edges of the box
indicate the 25th and 75th percen-
tiles and the vertical line indicates
the range of the data. The minimum
ADC value for endometrial cancer
showed a trend for being lower in
grade 3 tumours than grade 1; how-
ever, this did not reach statistical
significance.

Figure 6. Box-and-whisker plot
showing the mean ADC values
(61023 mm2 s21) for endometrial
cancer (malignant) and benign endo-
metrial pathology. The central hor-
izontal line within the box represents
the mean value; the bottom and top
edges of the box indicate the 25th
and 75th percentiles and the vertical
line indicates the range of the data.
The ADC values for endometrial
cancer were significantly lower than
those of benign endometrium (p,

0.0001). The cut-off line drawn at an
ADC value of 1.28 6 1023 mm2 s21

divides the benign and malignant
endometrial tissue yielding a sensi-
tivity, specificity and accuracy of
87%, 100% and 93% for malignant
tissue respectively. Using this cut-off
value, three patients with malignant
histology lie above the line.
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analysis. Other factors important in grading, such as
nuclear atypia, are not assessed on DW-MRI.

Our results show that both the mean and minimum
ADC values of endometrial carcinoma are significantly
lower than those of benign endometrial histology. This
finding is in agreement with other published reports; in
one study there was no overlap in mean ADC value
between the two groups [26] and in other studies only a
small degree of overlap in values with the difference
remaining statistically significant [24, 28–30]. Previous
studies have suggested mean ADC cut-off values that
can be used to predict malignancy in endometrial lesions
[24, 28, 30]. These mean ADC cut-off values range from
1.05 6 1023 to 1.2 6 1023 mm2 s21. When applied to the
data from our cohort of patients we achieved an ac-
curacy of 78–87.8% (Table 3). However, applying our own
cut-off ADC value of 1.28 6 1023 mm2 s21 we achieved
sensitivity, specificity, PPV, NPV and accuracy rates of
87%, 100%, 100%, 85.7% and 92.7%, respectively. It is
difficult to establish a universal threshold ADC value
above which malignancy should be suggested owing to
variations in the MRI system used and the number of b-
values used to generate the ADC map. The previously
published cut-off values were obtained using 1.5T
Siemens (Siemens AG, Erlangen, Germany) systems in
two studies [24, 28], while the third study used both 1.5T
and 3T GE (GE Healthcare, Milwaukee, WI) systems [30]
and used 2 or 3 b-values between 0 and 1000 s mm22. The
threshold value with the greatest accuracy for our 1.5T
Philips system (1.28 6 1023 mm2 s21) is of the same order
of magnitude as the prior values and the variation
between values is up to 0.23 6 1023 mm2 s21.

In our study two patients had MRI performed
following hysteroscopic removal of a malignant endo-
metrial polyp (grade 1 endometrial adenocarcinoma
in both cases). In these patients the mean ADC values
measured for endometrial tissue post-polypectomy were

1.4 6 1023 mm2 s21 and 1.6 6 1023 mm2 s21. By apply-
ing our proposed cut-off value we would have been able
to predict that neither of these patients had residual
tumour present as both values lie in the benign range.
The ability to make this prediction would probably not
prevent surgery in patients with positive pre-operative
histology but could allow triage of the patient to a less
radical surgical approach. Further clinical application
of a benign/malignant threshold would be for patients
for whom it is difficult to obtain pre-operative histology
(e.g. cervical stenosis) where an ADC value suggesting
malignancy could prevent repeated attempts at sampling

and allow earlier management planning in these difficult
cases.

There are some limitations to our study. Firstly, this
preliminary cohort of patients is relatively small. Se-
condly, in some of our benign group we presumed that
there was no endometrial pathology present as patients
were asymptomatic and were being imaged for unrelated
reasons. Ideally, histological confirmation should be
available for all patients. Some of the tumours we
analysed were small and only present on two contiguous
slices. In these cases the ROI was placed on the slice with
the largest area of visible tumour; however, as tumour was
not present on the section above and below, it is possible
that the data are subject to some partial volume effect.
Further evaluation of these patients did not show them
to be outliers in our data and therefore this is not felt to
have been a significant problem in our cohort. Finally,
a small number of patients (7 of 42) were imaged with
different b-values owing to the retrospective nature of
our study. Comparison with other studies is also difficult
as centres use different b-values in their DW-MRI
protocols and this requires collaboration and universal
recommendations.

To validate our suggested threshold value, further pro-
spective studies with a larger cohort of patients should be
undertaken. Assessment on different MR systems, both at
1.5 and 3T, is also required to test reproducibility.

Conclusion

DWI with the measurement of mean ADC value is
useful in demonstrating the presence of endometrial
cancer. However, histological tumour grades 1 to 3 could
not be distinguished based on the mean or minimum
ADC value of the tumour. The application of a mean ADC
threshold less than 1.28 6 1023 mm2 s21 gives 92.7% accu-
racy in predicting the presence of endometrial cancer rather
than benign endometrial pathology, which is particularly
relevant in those patients for whom it is difficult to obtain
pre-operative histology.
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