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ABSTRACT
Objective: To evaluate the value of apparent diffusion coefficient (ADC) for the differentiation of histological subtypes in
endometrial cancer, and to assess if ADC values correlate with histopathological parameters.
Study Design: Descriptive study.
Place and Duration of Study:  Department of Radiology, Faculty of Medicine, Ondokuz Mayis University between
January 2016 and December 2019.
Methodology:  Eighty-three patients (mean age: 60.28 ± 9.07) with endometrial cancer underwent diffusion-weighted
imaging (DWI) at 3T before surgery. The mean ADC (ADCmean) and minimum ADC (ADCmin) values of the tumours were
assessed to predict histological subtype of endometrial cancer, grade of tumour, presence of myometrial invasion, lower
uterine segment involvement, cervical involvement, lymphovascular invasion, and lymph node metastasis.
Results: Sixty patients (72.3%) were diagnosed with endometrioid carcinoma, and 23 patients (27.7%) were diagnosed
with non-endometrioid carcinoma. The median ADCmean/ADCmin  of endometrioid and non-endometrioid tumours were
0.72/0.58 ×10-3  mm2/s and 0.82/0.63 ×10-3  mm2/s, respectively. ADCmean and ADCmin were significantly different between
endometrioid and non-endometrioid tumours (p=0.016 and p=0.048). For the endometrioid carcinomas, ADCmean and
ADCmin  were  significantly  different  between  low-grade  (G1  and  G2)  and  high-grade  (G3)  tumours  (ADCmean/ADCmin  =
0.75/0.65 vs. 0.59/0.49 x10-3  mm2/s, p=0.010 and p=0.013). Myometrial invasion, lymphovascular invasion, cervical
involvement, lower uterine involvement, serosal involvement and lymph node metastasis were not significantly associ-
ated with ADC values.
Conclusion: ADC measurements were useful for differentiating endometrioid and non-endometrioid carcinomas. High--
grade endometrioid carcinomas had significantly lower ADC values compared to low-grade ones.
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INTRODUCTION

Endometrial  cancer  is  one  of  the  most  common  gynaeco-
logical  malignancies  in  women.1  Accurate  staging  of  the
tumour at the time of diagnosis is vital for both the appro-
priate  treatment  planning  and  the  accurate  prediction  of
the  disease  prognosis.2
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The International Federation of Gynecological and Obstetrics
(FIGO) staging is the most commonly used staging system in
the staging of endometrial carcinoma. According to this classifi-
cation, the myometrial invasion depth, presence of cervical
invasion,  lymphatic  system  involvement,  and  histological
grade are important histological features.3-5 Although the FIGO
staging system is a surgical staging system, it is important to
evaluate those patients non-invasively before surgery to plan
accurate surgical procedures.

Magnetic resonance imaging (MRI) is the preferred radiological
imaging method for the pre-treatment evaluation of endome-
trial cancer cases. Conventional MRI provides valuable informa-
tion about lesion size and extension, but the major limitation of
MRI is that it cannot accurately predict the presence of lymph
node metastasis and lymphovascular invasion.6,7 Besides the
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conventional sequences that provide anatomical information,
sequences that provide functional information are also used in
MRI.

Diffusion-weighted imaging (DWI) is a functional MRI sequence
measuring the free diffusion movement of water molecules in
biological tissues.5 DWI imaging has gained importance in the
management of gynaecological malignancies in recent years,
and many DWI-related studies have been conducted.8-15 Theo-
retically, as in other organs, malignant endometrial lesions are
expected to have lower apparent diffusion coefficient (ADC)
values than benign lesions.5,16 In addition, ADC measurement in
malignant tumours is thought to be associated with histological
parameters, and several studies measuring ADC in endometrial
cancers  have  been  published.5,8,10–12,15,17–22  However,  some
studies  have  reported  that  ADC  values  are  associated  with
some prognostic histological factors.10,19,20 Some other studies
have also reported that there is no relationship between prog-
nostic histological features and ADC measurements.5,8,11 Thus,
more studies are needed on this issue.

The  aim  of  this  study  was  to  investigate  the  relationship
between the ADC values obtained from DWI and the important
prognostic histological parameters of endometrial carcinoma.

METHODOLOGY

The  current  study  was  approved  by  the  Institutional  Ethics
Committee  and  the  requirement  for  informed  consent  was
waived, as the data was restrospectively collected. The stan-
dards for reporting of diagnostic accuracy studies (STARD) was
used.23

The hospital database was retrospectively reviewed to identify
patients who underwent 3T MRI, including DWI, for the pre-oper-
ative evaluation of endometrial cancer at Department of Radi-
ology, Faculty of Medicine, Ondokuz Mayis University between
January 2016 and December 2019. Ninety-six patients were
found. Six patients were excluded because their tumours were
extremely small or because these tumours could not be clearly
demonstrated on DWI. Furthermore, four patients whose surg-
ical pathology results were not available and three patients
because of severe artefacts were also excluded. As a result, 83
patients  were enrolled in  the study.  All  patients  underwent
hysterectomy, and the final diagnoses of the patients were
based on the histopathological results.

MRI examinations of the patients were performed with a 3T
system (Ingenia, Philips Healthcare, Netherlands). Routine MRI
examination of patients referred with the suspicion of endome-
trial cancer in this centre included the following sequences:
axial,  coronal  and  sagittal  T2-weighted  fast  spin-echo
sequences (TR/TE: 3514/90, FOV: 240×240, matrix: 368×302,
slice thickness: 3mm); axial T1-weighted mDIXON sequence
(TR/TE: 2.9/0.99, FOV: 350×318, matrix: 148×133, slice thick-
ness: 4 mm); axial fat-suppressed, dynamic contrast enhanced
T1-weighted 3D radial gradient-recalled echo sequence (volu-
metric interpolated breath-hold examination [VIBE]) (TR/TE:

3.1/1.09, FOV: 357×277, matrix: 180×140, slice thickness: 4
mm).  DWI  sequences  were  obtained,  using  the  single-shot
spin-echo (EPI) technique with the following parameters: FOV:
375×315; matrix: 124×106; NEX: 4; acquisition time: 03:53;
and b values: 0, 200 and 800 s/mm2. ADC maps were automati-
cally  generated  on  the  scanner  console  on  a  pixel-by-pixel
basis from DWI images.

All acquired images were sent to a workstation, equipped with
Osirix DICOM viewer software version 3.8.1 (Osirix,  Pixmeo,
Switzerland). DWI interpretation was performed by a radiologist
(MO) in consensus with a senior radiology resident (CK) to estab-
lish the regions of interest (ROIs) and to measure the tumour
size (Figures 1 and 2). The reviewers were aware of the endome-
trial carcinoma diagnosis, but were blinded to the histopatholog-
ical features of the cases. The ROIs were manually drawn with a
free-hand  technique  on  the  ADC  slice  depicting  the  largest
tumour. Mean ADC (ADCmean) and minimum ADC (ADCmin) of
the lesions were recorded for the statistical analysis.

Figure  1:  A  64-year  patient  with  endometrioid  carcinoma.  Axial  T2-
weighted image (a) and ADC map (b) show a tumour in the endometrial
cavity (arrowheads). ADCmean and ADCmin values of the tumor were 0.77
and 0.67 x 10-3 mm2/s, respectively.

Figure 2: A 72-year patient with non-endometrioid carcinoma. Axial T2-
weighted image (a) and ADC map (b) show a tumour in the endometrial
cavity (arrowheads). The ADCmean and ADCmin values of the tumour were
0.84 and 0.63 x 10-3 mm2/s, respectively.

The senior radiology resident performed the histopathological
data collection four weeks after finishing the image interpreta-
tion. Histopathological data were based on the surgical results
of  the  patients.  The  pathology  results  of  the  patients  were
reviewed from the hospital database and information about the
histological grade, depth of myometrial invasion, lower uterine
segment involvement, cervical involvement, serosal involve-
ment, presence of lymphovascular invasion and presence of
metastatic lymph nodes were collected.
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Table I: Demographic data of the study population.

Variable Whole population
(n=83)

Endometrioid cancer
(n=60)

Non-endometrioid cancer
(n=23) p

Age 60.28 ± 9.07 59.77 ± 9.58 61.61 ± 7.61 0.411
Lesion size 33.05 ± 16.47 30 ± 12.94 41 ± 21.69 0.006
Grade <0.001
Grade 1 17 (20.5%) 16 (26.7%) 1 (4.3%)  
Grade 2 37 (44.6%) 33 (89.2%) 4 (17.4%)  
Grade 3 29 (34.9%) 11 (18.3%) 18 (78.3%)  
Serosal involvement 0.184
Present 3 (3.6%) 1 (1.7%) 2 (8.7%)  
Absent 80 (96.4%) 59 (98.3%) 21 (91.3%)  
Lower uterine segment involvement 0.336
Present 13 (15.7%) 8 (13.3%) 5 (21.7%)  
Absent 70 (84.3%) 52 (86.7%) 18 (78.3%)  
Servical involvement 0.083
Present 12 (14.5%) 6 (10%) 6 (26.1%)  
Absent 71 (85.5%) 54 (90%) 17 (73.9%)  
Lymphovascular invasion 0.013
Present 36 (43.4%) 21 (35.0%) 15 (65.2%)  
Absent 47 (56.6%) 39 (65.0%) 8 (34.8%)  
Myometrial invasion 0.990
<50% 47 (56.6%) 34 (56.7%) 13 (56.5%)  
>50% 36 (43.4%) 26 (43.3%) 10 (43.5%)  
Lymph node metastasis 0.001
Present 13 (15.7%) 4 (6.7%) 9 (39.1%)  
Absent 70 (84.3%) 56 (93.3%) 14 (60.9%)  

Table II: Comparison of the ADC values in the whole population.
Variable ADCmean p-value ADCmin p-value
Histological subtype 0.016  0.048
Endometrioid 0.72 (0.48 – 1.19)  0.58 (0.31 – 0.82)  
Non-endometrioid 0.82 (0.55 – 1.37)  0.63 (0.37 – 1.31)  
Grade 0.557  0.483
High 0.73 (0.48 – 1.37)  0.57 (0.33 – 1.31)  
Low 0.75 (0.49 – 1.19)  0.60 (0.31 – 0.82)  
Serosal involvement 0.522  0.240
Present 0.82 (0.72 – 0.86)  0.66 (0.64 – 0.66)  
Absent 0.75 (0.48 – 1.37)  0.59 (0.31 – 1.31)  
Lower uterine segment involvement 0.155  0.042
Present 0.82 (0.55 – 1.31)  0.66 (0.49 – 1.09)  
Absent 0.75 (0.48 – 1.37)  0.58 (0.31 – 1.31)  
Cervical involvement 0.861  0.871
Present 0.76 (0.55 – 1.31)  0.59 (0.31 – 1.31)  
Absent 0.75 (0.48 – 1.37)  0.58 (0.48 – 1.09)  
Lymphovascular invasion 0.713  0.520
Present 0.77 (0.55 – 1.06)  0.59 (0.40 – 0.77)  
Absent 0.73 (0.48 – 1.37)  0.59 (0.31 – 1.31)  
Myometrial invasion depth 0.566  0.241
<50% 0.75 (0.48 – 1.37)  0.58 (0.31 – 1.31)  
>50% 0.76 (0.55 – 1.06)  0.61 (0.32 – 0.77)  
Lymph node metastasis 0.206  0.034
Present 0.82 (0.65 – 0.99)  0.66 (0.54 – 0.77)  
Absent 0.75 (0.48 – 1.37)  0.58 (0.31 – 1.31)  
Data were presented as median and range in parenthesis.

Table III: Subgroup analysis in patients with endometriod and non-endometrioid endometrial cancer.
 Endometrioid endometrial cancer Non-endometrioid endometrial cancer
Variable ADCmean p-value ADCmin p-value ADCmean p-value ADCmin p-value
Grade 0.010  0.013  0.766  0.881
High 0.65 (0.48 – 0.85)  0.49 (0.33 – 0.66)  0.83 (0.55 – 1.37)  0.64 (0.37 – 1.31)  
Low 0.75 (0.49 – 1.19)  0.59 (0.31 – 0.82)  0.78 (0.75 – 1.01)  0.63 (0.53 – 0.79)  
Serosal involvement NA  NA  0.827  0.663
Present     0.84 (0.82 – 0.86)  0.65 (0.64 – 0.66)  
Absent     0.82 (0.55 – 1.37)  0.63 (0.37 – 1.31)  
Lower uterine segment
involvement  0.617  0.203  0.263  0.136

Present 0.74 (0.55 – 0.96)  0.62 (0.49 – 0.76)  0.86 (0.82 – 1.31)  0.70 (0.58 – 1.09)  
Absent 0.72 (0.48 – 1.19)  0.56 (0.31 – 0.82)  0.80 (0.55 – 1.37)  0.61 (0.37 – 1.31)  
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Cervical involvement 0.247  0.467  0.624  0.726
Present 0.71 (0.55 – 0.77)  0.54 (0.48 – 0.66)  0.84 (0.74 – 1.31)  0.63 (0.55 – 1.09)  
Absent 0.73 (0.48 – 1.19)  0.59 (0.31 – 0.82)  0.82 (0.55 – 1.37)  0.63 (0.37 – 1.31)  
Lymphovascular invasion 0.988  0.733  0.259  0.606
Present 0.74 (0.55 – 1.06)  0.57 (0.40 – 0.77)  0.82 (0.62 – 0.96)  0.63 (0.41 – 0.77)  
Absent 0.72 (0.48 – 1.19)  0.58 (0.31 – 0.82)  0.91 (0.55 – 1.37)  0.67 (0.37 – 1.31)  
Myometrial invasion depth 0.273  0.233  0.385  0.852
<50% 0.72 (0.48 – 1.19)  0.55 (0.31 – 0.82)  0.85 (0.55 – 1.37)  0.64 (0.37 – 1.31)  
>50% 0.74 (0.55 – 1.06)  0.59 (0.32 – 0.76)  0.80 (0.65 – 0.96)  0.63 (0.54 – 0.77)  
Lymph node metastasis 0.286  0.058  0.469  0.850
Present 0.77 (0.72 – 0.99)  0.66 (0.61 – 0.77)  0.82 (0.65 – 0.89)  0.64 (0.54 – 0.72)  
Absent 0.72 (0.48 – 1.19)  0.56 (0.31 – 0.82)  0.85 (0.55 – 1.37)  0.63 (0.37 – 1.31)  
Data were presented as median and range in parenthesis.

Statistical  analysis  was  performed  with  the  Statistical
Package for  the  Social  Sciences  version  22.0  (SPSS Inc.,
Chicago,  IL,  USA)  for  Windows.  Data  were  presented  as
mean and standard deviation (SD) or median and range for
continuous variables and as frequencies for categorical vari-
ables. Shapiro-Wilk test was used to assess normal distribu-
tion of the continuous data. Student t-test or Mann-Whitney
U-test was used to compare the continuous variables. Chi-
square test was used to compare the categorical variables.
Receiver operating characteristics (ROC) curve analysis was
performed to evaluate the diagnostic performances of ADC
values  in  differentiating  high-grade (G3)  and low-grade (G1
+ G2) endometrioid carcinomas. Optimal cut-off values were
calculated by maximising the Youden index. Spearman corre-
lation was used to evaluate the correlation between ADC
values and the histological grade. The degree of correlation
was  classified  as  follows:  0  ≤  ρ  <2,  no  relationship;  2  ≤  ρ
<4, weak correlation; 4 ≤ ρ <6, moderate correlation; 6 ≤ ρ
<8, strong correlation; 8 ≤ r, very strong correlation. For all
assessments,  a  p  value less  than 0.05 was indicative  of
statistical significance.

RESULTS

A summary of the clinical data of the study population is
presented in Table I. The mean age of the study population
was 60.28 ± 9.07 (range: 34 – 82) years. There were 60
endometrioid (72.3%) and 23 non-endometrioid carcinomas
(27.7%).  Non-endometrioid  histology  included  10  serous
carcinoma,  five  carcinosarcoma,  four  mucinous  carcinoma,
and four undifferentiated high-grade tumours. The mean age
of the patients with endometrioid carcinomas (59.77 ± 9.58)
was not significantly different from that of the patients with
non-endometrioid carcinomas (61.61 ± 7.61,  p = 0.411).
Mean lesion size was 33.05 ± 16.47 mm. Mean size of the
endometrioid carcinomas (30 ± 12.94 mm) was significantly
smaller than that of the non-endometrioid carcinomas (41 ±
21.69 mm, p = 0.006).

There were 17 grade 1 (G1), 37 grade 2 (G2) and 29 grade
3  (G3)  tumours.  Tumour  grade  was  significantly  different
between endometrioid and non-endometrioid tumours (p <
0.001). Serosal involvement, lower uterine segment involve-
ment, cervical involvement, and myometrial invasion depth
were  not  associated  with  the  histological  subtype  (p  =
0.184, p = 0.336, p = 0.083 and p = 0.990, respectively).

Lymphovascular  invasion  was  more  common  in  non-en-
dometrioid carcinomas (p = 0.013). Lymph node metastasis
was also more common in non-endometrioid carcinomas (p
= 0.001).

Comparison of the ADC values with the histopathological
parameters in the whole study population is shown in Table
II. Median ADCmean values of endometrioid carcinomas [0.72
(0.48 – 1.19)] was significantly smaller than that of the non-
endometrioid carcinomas [0.82 (0.55 – 1.37), p = 0.016].
Median ADCmin  of  endometrioid carcinomas [0.58 (0.31 –
0.82)]  was  significantly  smaller  than  that  of  the  non-en-
dometrioid  carcinomas  [0.63  (0.37  –  1.31),  p  = 0.048].
There was no correlation between the ADC measurements
and the tumour grade (ρ = -0.068, p = 0.540). ADCmean and
ADCmin  values  of  the  high-grade (G3)  tumours  were  not
significantly  different  from  those  of  the  low-grade  (G1  +
G2) ones (p = 0.557 and p = 0.483 respectively). Serosal
involvement,  cervical  involvement,  lymphovascular  inva-
sion and myometrial invasion depth were not associated
with the ADC measurements (p = 0.240 – p = 0.861). Lower
uterine segment involvement and lymph node metastasis
were not associated with ADCmean values (p = 0.155 and p =
0.206, respectively). ADCmin values of the cases with lower
uterine  segment  involvement  [0.66  (0.49  –  1.09)]  was
significantly  higher  than  that  of  the  cases  without  lower
uterine  segment  involvement  [0.58  (0.31  –  1.31),  p  =
0.042]. The ADCmin of the cases with lymph node metastasis
[0.66 (0.54 – 0.77)] was significantly higher than that of the
cases without lymph node metastasis [0.58 (0.31 – 1.31), p
= 0.034].

In the endometrioid carcinoma group, ADCmean values of the
high-grade  tumours  [0.65  (0.48  –  0.85)]  was  significantly
lower than that of the low-grade ones [0.75 (0.49 – 1.19), p
= 0.010]. Similarly, the ADCmin of the high-grade tumours
[0.49 (0.33 – 0.66)] was significantly lower than that of the
low-grade  tumours  [0.59  (0.31  –  0.82),  p  =  0.013].  An
ADCmean  cut-off value of 0.66 ×10-3  mm2/s for the diagnosis
of  a  high-grade  tumor  revealed  63.6%  sensitivity  and
83.7%  specificity  (AUC:  0.750,  CI:  0.599  –  0.900,  p  =
0.010). Selecting a cut-off ADCmin value of 0.54 ×10-3 mm2/s
revealed  sensitivity  and  specificity  values  of  81.8%  and
69.4%, respectively (AUC: 0.740, CI:  0.604 – 0.877, p =
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0.013) (Figure 3).  There was a weak inverse correlation
between the ADC measurements and tumour grade (ρ =
-0.254, p = 0.050). Other histopathological features were
not associated with the ADC values (Table III).

Figure 3: Receiver operating characteristics (ROC) curve analysis for
the  apparent  diffusion  coefficient  (ADC)  values  to  differentiate  high
grade and low-grade endometrioid carcinomas.

In the non-endometrioid endometrial tumours, all histopatho-
logical features, including tumour grade, were not associ-
ated with the ADC measurements. No correlation between
the ADC measurements and tumour grade was found (ρ =
-0.091, p = 0.678).

DISCUSSION

The aim of the present study was to assess the value of ADC
measurements in the differentiation of histological subtypes
of endometrial cancer and to assess if the ADC measure-
ments were related to histopathological  parameters.  ADC
measurements  were  able  to  differentiate  endometrioid  and
non-endometrioid  carcinomas  from  each  other.  In  the
endometrioid  carcinoma group,  ADC  values  were  differenti-
ated between the low- and high-grade tumours; however, in
the non-endometrioid carcinoma group there was no differen-
tiation. Other histopathological parameters were not associ-
ated with ADC measurements.

In this study, no correlation was found between the ADC
measurements and tumour grade in the whole study popula-
tion, which was consistent with several previous studies.5,10,20

However,  high-grade  endometrioid  carcinomas  had  signifi-
cantly lower ADC values than the low-grade ones. In general,
malignant  tumours  have  lower  ADC  values  than  benign
ones,  as  the  reduced  extracellular  space  from increased
cellularity limits the Brawnian motion of water molecules.
High-grade  endometrioid  cacinomas  have  higher  cellular
density compared to the low-grade ones. Therefore, lower
ADC values in high-grade endometrioid carcinomas may be
due to the increased mitosis and cellular abundance of those
tumours.  On the other  hand,  we found no significant  differ-

ence between the tumour grade and ADC measurements in
non-endometrioid carcinomas. This may be due to various
histological  subtypes,  including  mucinous  and  serous
histology  in  non-endometrioid  carcinomas,  which  may
influence the ADC measurements. In a study by Rechichi et
al,11 no association between ADC measurements and tumour
grade were reported.  However,  they performed statistical
analysis only on the whole population and did not perform
an analysis on endometrioid carcinomas separately.

Yan et al. evaluated 98 endometrial cancers and measured
the mean and minimum ADC of the tumours.21 Their paper
did  not  report  a  significant  difference  between  the  ADC
values of endometrioid and non-endometrioid carcinomas,
which  differed  from  our  findings.  However,  ADC  values  of
endometrioid carcinomas were lower than those of non-en-
dometrioid  carcinomas,  which  was similar  to  the  present
findings.  They  also  found  a  significant  difference  between
the ADC values of low-grade and high-grade endometrioid
endometrial cancers, which was quite similar to the present
results.

In  this  study,  the authors  found no relationship  between
myometrial  invasion  depth  and  the  ADC  measurements.
Some studies in the literature reported a significant associa-
tion between ADC measurements and myometrial invasion
depth.19,20,24  However,  our  findings  confirmed  other  studies
by Rechichi et al.,11 Lin et al.,10 and Cavusoglu et al.,22 as
they also reported no relationship between ADC and myome-
trial invasion depth. Rechichi et al. also reported no associa-
tion between ADC measurements and lymph node metas-
tasis. Their study differed from this study, in that they used
a 1.5T MRI scanner. However, using a higher magnetic field
strength, our results confirmed their findings.

Regarding  lymph  node  metastasis,  ADCmin  values  in  this
entire  study  population  was  associated  with  lymph node
metastasis. However, the number of cases with lymph node
metastasis was quite small. Furthermore, lymph node metas-
tasis  did  not  show  a  significant  relationship  with  the  ADC
values in the subgroup analysis of endometrioid and non-en-
dometrioid  endometrial  cancers.  Some  previous  studies
reported  no  significant  correlation  between  the  ADC  value
and lymph node metastasis.12,13,20 More studies with larger
populations  are  needed  to  investigate  the  relationship
between ADC and lymph node metastasis.

The study had some limitations. First, it was a retrospective
one  with  related  limitations.  Second,  a  relatively  limited
number of patients were included. Third, the ADC measure-
ments were performed by two radiologists in consensus and
no interobserver or intraobserver variability was assessed.

CONCLUSION

ADC values obtained from DWI in endometrial cancers were
differentiated  between  endometrioid  and  non-endometrioid
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carcinomas. In endometrioid carcinomas, high grade tumours
had significantly lower ADC values compared to the low grade
tumours.  Important  histopathological  prognostic  factors,
namely, myometrial invasion depth, lymphovascular invasion,
cervical  involvement,  lower  uterine  segment  involvement,
serosal involvement, and presence of lymph node metastasis,
were not associated with ADC measurements.
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