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ABSTRACT

Aim: To investigate the value of diffusion weighted imaging (DWI) at 3-T MR in staging of
endometrial cancer and the correlation to histopathology.

Study Design: Aretrospective study.

Place and Duration of Study: CT-MR Division, Qianfoshan Hospital Affiliated to Shandong
University. Department of Radiology, Affiliated Hospital of Jining Medical College. From June 2013
to June 2014

Methodology: 30 patients with histologically proved endometrial cancers were analyzed
retrospectively. The staging diagnosis of DWI was compared with pathologic results. The ADC
values in different histologic types and different differentiated of endometrial cancers were also
compared. P<0.05 was considered statistically significant.

Results: The staging accuracy of DWI was 83.3%. The ADC value in 30 patients of endometrial
cancer was (0.856+0.080) x10° mm?/s. There was no statistically significant difference in different
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significant difference (F=97.246, P=0.000).
Conclusion:

histologic types (t=1.093, P=0.284). In different differentiated endometrial cancers, there was

DWI has considerable value in staging of endometrial cancer. The ADC values can
demonstrate the grade malignancy of tumors initially. So diffusion weighted sequences can be
included in routine MR protocols for tumor assessment.

Keywords: DWI; endometrial cancer; histopathology; neoplasms by histologic type; stage.

1. INTRODUCTION

Endometrial cancer is the fourth most common
malignancy in females and the most common
malignancy of the female reproductive tract [1].
Magnetic resonance (MR) imaging is essential
for the preoperative staging of endometrial
cancer because it can accurately depict the
depth of myometrial invasion, which is the most
important  morphologic  prognostic  factor.
Furthermore, some other factors including
histologic type, tumor grade and presence of
lymph node metastases may influence overall
patient survival [2]. Diffusion weighted magnetic
resonance imaging (DWI) is a functional imaging
technigue whose contrast derives from the
random motion of water molecules within tissues.
DW!I is a useful adjunct to standard morphologic
imaging and may improve overall staging
accuracy [3,4]. DWI can also provide values of
apparent diffusion coefficient (ADC) of tissues
under investigation. The ADC value of tissue is
influenced by nuclear-to-cytoplasmic ratio (NCR)
and cellular density [5-7]. It is known that the
ADC values of malignant neoplasm are lower
than those of normal tissues and benign lesions
in many organs [8-13]. The ADC values of
endometrial cancer have also been proved much
lower than normal endometrium and benign
lesions in uterine endometrial cavity [14,15].
Most of the literatures focused on the
differentiation of endometrial malignancies from
benign endometrial lesions and the improvement
of staging accuracy. Few studies paid close
attention to the correlation with endometrial
cancer to histopathology which is another
important prognostic factor. Our purpose of this
study was to determine the feasibility of DWI at
3-T in staging of endometrial cancer and to

investigate whether the ADC values of
endometrial cancers have correlation to
histopathology.

2. MATERIALS AND METHODS
2.1 Patient Population

This retrospective study was performed under an
institutional review board protocol and complied

with the Declaration of Helsinki. From June 2013
to June 2014, 30 female patients (age range, 29-
76 years; mean age, 54.2 years) pathologically
confirmed endometrial cancer underwent
preoperative assessment with MR of the pelvis. A
professional gynecological doctor was
responsible for dealing with the cases. 24
patients were postmenopausal women and the
other 6 patients were premenopausal female.
Informed consent was obtained from all patients
or their legal representatives before MR
examination. All patients underwent
panhysterectomy and pelvic lymphadenectomy
within one week after MR examination.

2.2 MR Technique

MR imaging was performed using a 3-T MR
system (Siemens Magnetom Skyra 3-T) with an
8-channal torso phased-array coil. Routine pelvic
MR imaging were acquired as follows: (a) T2-
weighted fast spin echo imaging in the sagittal
oblique plane with fat saturation (repetition time
[TR]/echo time [TE], 6210.0/86.0 milliseconds;
slice thickness, 4mm,; field of view, 32-40 cm;
matrix size, 320x216; number of excitation, 2 );
(b) T2-weighted fast spin echo imaging in the
axial plane (TR/TE, 5300.0/85.0 milliseconds;
slice thickness, 4mm,; field of view, 32-40 cm;
matrix size, 256x256; number of excitation, 2); (c)
T1-weighted fast spin echo imaging in the axial
plane with fat saturation (TR/TE, 788.0/20.0
milliseconds; slice thickness, 4mm; field of view,
32-40 cm; matrix size, 320x218; number of
excitation, 2).

Axial DW images were obtained. DWI sequence
was used for fat suppression in a spin echo type
and single-shot echo planar imaging (EPI)
sequence, with free breathing during acquisition.
Imaging parameters for DWI was as follows:
TR/TE, 4400.0/87.0 milliseconds; b factors, 0O
and 800 s/mm?; slice thickness, 4mm; field of
view, 32-40 cm; matrix size, 160x122; numbers
of excitation, 5; acquisition time, approximately
2.5 min.



2.3 Image Analysis

The ADC map of each DW image was produced
automatically. Then all of the DW images and
ADC map were sent to a workstation (SYGNO
VE40A, Siemens). According to the images, the
evaluation of tumor staging was made by 2
radiologists with more than 5 years’ experience in
genitourinary  radiology, respectively. The
criterion of tumor staging was complied with
International Federation of Gynecology and
Obstetrics (FIGO) system revised in 2009 [16]. If
the two radiologists had different diagnosis, they
could find an amicable solution through the
consultation process.

The ADC values of endometrial cancers were
performed on the ADC maps that contained the
largest tumor cross-section. The region of
interest (ROI) could not be placed to involve
necrosis within the tumor in reference with T1-
and T2-weighted images. For each case, the
ADC values were measured 3 times in different
regions, and the mean measurement values
were computed.

2.4 Histopathology

The histologic types and tumor grades were
performed by a senior and experienced
pathologist. Because most of the tumors were
endometrioid adenocarcinomas, the other
histologic types included adenocarcinoma with
squamous differentiation, uterine sarcomas and
adenosquamous carcinoma. So in this study, we
only divided all the tumors into two groups
according to histologic types: group of
endometrioid adenocarcinomas and group of
non- endometrioid adenocarcinomas. The tumor
grades included highly differentiated, moderately
differentiated and poorly differentiated grade.

2.5 Statistical Analysis

Statistical analysis was done on SPSS 19.0
software. The staging accuracy of DWI was
calculated with the golden standard of
pathological staging. ADC values were recorded
as the format—'meanzstandard deviation’ (" xs).
ADC values were calculated by independent
samples T test between two groups of histologic
types and analysis of variance (ANOVA) in
different groups of tumor grades. P<0.05 was
considered statistically significant.
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3. RESULTS

3.1 DWI Staging

The results of DWI and pathological staging of
endometrial cancers were showed in Table 1.
The tumors of stage ~ A were misdiagnosed for 2
cases (one case was overestimated stage B,
one case was overestimated stage a). One case
of stage ~ B was underestimated stage ~ A. There
were another two cases of stage «
underestimated stage ~B. The total staging
accuracy of DWI was 83.3% (Figs. 1 and 2).

3.2 The Correlation of ADC Values to
Histopathology

The mean ADC value of total 30 cases of
endometrial cancers was (0.856+0.080)x107
mm?/s. The results of different histologic types
and tumor grades were showed in Table 2 and 3.
There was no significant difference between
group of endometrioid adenocarcinomas and
group of non- endometrioid adenocarcinomas
(P>0.05). No significant difference was found
between highly differentiated and moderately
differentiated groups (P>0.05). The ADC values
of poorly differentiated group were lower than
highly and moderately differentiated groups with
significant difference (P<0.05). There was
significant difference among the three groups of
different differentiated (P<0.05) (Figs. 1 and 2).

Table 1. The results of DWI and pathological
staging (number of cases)

DWI Pathology
1A 9 10
I B 10 8
Il 8 9
i 2 2
v 1 1

4. DISCUSSION

Uterine endometrial cancer is one of the common
cancers in female. In many countries, it is the
most common gynecologic malignancy [17].
Preoperative assessment of the depth of
myometrial invasion is very important because it
closely correlates with the prevalence of lymph
node metastasis and the patient's prognosis
[18,19]. Surgical staging of endometrial cancer
was first proposed in 1988, and the staging
system was updated in 2009 [16]. Key changes
incorporated into the 2009 FIGO staging system



include simplification of stage I disease and
removal of cervical mucosal invasion as a distinct
stage.

Table 2. ADC values of different histologic

types
Group n ADC value
(x10° mm?/s)
Endometrioid 26 0.862+0.082
adenocarcinomas
Non-endometrioid 4 0.815+0.055

adenocarcinomas

Table 3. ADC values of different differentiated
grades

ADC value
(x10° mm?/s)
*0.912+0.020

Group n

Highly differentiated 11

Moderately 9 0.901+0.019
differentiated
Poorly 10 0.751+0.042

differentiated
*P=0.000, compared to poorly differentiated; *P=0.000,

compared to poorly differentiated; P=0.000 (F=97.246):

comparison of three groups

Magnetic resonance (MR) imaging is essential
for the preoperative staging of endometrial
cancer because of its fine soft tissue contrast
resolution. It can accurately help assess the
depth of myometrial invasion, whereas histologic
grade can be determined with endometrial
sampling. However, some pathologic factors,
such as myometrial thinning due to polypoid
tumor, coexisting leiomyoma or adenomyosis,
and congenital anomalies, may cause incorrect
MR diagnosis of myometrial invasion [20]. DWI
with  ADC measurement yields quantitative
information reflecting tissue cellularity, and may
be helpful in differentiating relatively hypercellular
endometrial cancer from normal edometrium and
benign endometrial lesions. Shen et al. [21]
found that DWI could highlight the location and
extent of endometrial cancer, and detect some
unconspicuous lesions in routine MRI. Thus DWI
can improve the staging accuracy before
operation. In our study, the staging accuracy with
DWI was 83.3%. It can depict the myometrial
invasion clearly.

Besides the preoperative staging, histologic type
and tumor grade are also prognostic factors
which can influence the patient’s overall survival
[22,23]. The histologic types of endometrial
cancer include endometrioid adenocarcinoma,
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clear cell carcinoma, serous papillary
adenocarcinoma, squamous carcinoma,
mucinous carcinoma , undifferentiated carcinoma
and mixed carcinoma. Among the various kinds
of endometrial tumors, most tumors belong to
endometrioid adenocarcinoma accounting for
80%-90%. In our study, the endometrioid
adenocarcinoma accounted for 86.7% (26/30),
with the consistency of literatures. The ADC
values in endometrioid adenocarcinomas had no
significant difference compared with that in non-
endometrioid adenocarcinomas. This is also
consistent with literatures [24].

DWI is a recent new imaging technique which
depicts tissue characteristics based on diffusion
motion of water molecules. It visualizes a random
microscopic motion of molecules and that is how
it provides a tissue contrast different from that of
conventional T1 and T2 weighted images. The
ADC relates to the molecular translational
movement of water molecules. This movement is
limited in an environment that contains structures
such as cell membranes [25]. Therefore, with
increasing tumor cellularity and architectural
distortion, there is a reduction in extracellular
space, which also becomes increasingly tortuous.
These changes are reflected by a reduced ADC
value. In general, malignant tumors have a
higher cellularity than normal tissues and benign
lesions [26]. High-grade adenocarcinomas
typically have high cellular density and so would
be expected to have lower ADC values. A trend
toward lower ADC values in higher-grade
endometrial cancers was noted by Tamai et al.
[27] although this trend did not achieve statistical
significance in their study. Now we systematically
evaluated the correlation between ADC values
and tumor grades. Our study showed that ADC
values were statistically different in tumors with
various pathologic grades. The ADC values of
poorly differentiated tumors were lower than
highly and moderately differentiated tumors with
significant difference. While no significant
difference  was found  between  highly
differentiated and moderately differentiated
tumors. The results demonstrate that in similar
differentiated  tumors, such as  highly
differentiated and moderately differentiated, ADC
values exist no difference. Maybe the cellular
density and cell structure are little changed from
highly differentiated to moderately differentiated.
However, since the cellularity is changed so
much, ADC values can reflect the difference,
such as poorly differentiated and highly
differentiated.
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Fig. 1. Endometrial cancer stage IA (arrow). a. T2W
b. DWI image demonstrates the hyperintense mass wit
ADC map demonstrates the hypointense mass with ADC
Pathological image of poorly differentiated endomet

| image demonstrates a hyperintense mass.
h superficial myometrial invasion. c.
value of 0.638x10 > mm?/s. d.
rioid adenocarcinoma (HE, x100)

Fig. 2. Endometrial cancer stage Il (arrow). a. T2W
mass with uterine junction zone broken in cervical
slightly hyperintense mass. c. ADC map demonstrates
value of 0.932x10 > mm?¥s. d. Pathological image of highly differentiated

I image demonstrates a slightly hyperintense
level. b. DWI image demonstrates the
the slightly hypointense mass with ADC
endometrioid

adenocarcinoma (HE, x100)

This study has some limitations. First, the
number of patients cases used in this study was
too few to properly classify the diagnostic
efficiency in each stage of tumors. This study

only evaluated the effectiveness of the whole
staging. Despite the small number of cases, the
primary importance of DWI in the staging would
be to conduct more conservative surgery in



patients with stage |A, in which the realization of
pelvic lymphadenectomy is unnecessary. A larger
population of the patients may be required in the
future. Second, in this study we had not
compared DWI results with those in wide-used
T2WI with / without contrast enhanced T1WI.
Further studies should be continued in the future.

5. CONCLUSION

DWI can make a decision about the staging of
endometrial cancer accurately. It can initially
demonstrate the grade malignancy though
measurement of ADC values. Meanwhile, no
contrast medium injection is required, so that
diffusion weighted sequences can be included in
routine MR protocols for tumor assessment.
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