JBUON 2016; 21(3): 542-548

ISSN: 1107-0625, online ISSN: 2241-6293 « www.jbuon.com

E-mail: editorial_office@jbuon.com

REVIEW ARTICLE

The role of magnetic resonance imaging in the evaluation of

endometrial carcinoma

Aleksandra Aracki-Trenkic!, Dragan Stojanov'? Aleksandra Petric*? Daniela Benedeto-

Stojanov?, Milan Trenkic®, Jelena Ignjatovic!

!Center for Radiology, Clinical Center Nis, Nis; ?Faculty of Medicine University of Nis, Nis; *Clinic of Obstetrics and

Gynecology, Clinical Center Nis, Nis, Serbia

Summary

Purpose: Gynecological cancers comprise about 19% of
all cancers in women whereas the endometrial cancer is the
most common malignant tumor of the female reproductive
organs. The application of modern imaging tools plays an
important role in the preoperative assessment of disease
extent and allows the selection of a proper and adequate
therapeutic approach for each patient. The purpose of this
review was to show the role of magnetic resonance imaging
(MRI) in the evaluation of endometrial carcinoma. MRI
enables the display of zonal anatomy of the uterus, detec-
tion of the anomalies as well as the detection and charac-
terization of pathological processess. Endometrial cancer
is staged with the International Federation of Gynecology

Introduction

Gynecological cancers comprise about 19% of
all cancers in women whereas endometrial cancer
is the most common malignant tumor of the fe-
male reproductive organs [1]. The incidence rate
of endometrial cancer increases with age [2]. En-
dometrial cancer is most common in postmeno-
pausal women, and in the premenopausal group it
is often associated with obesity, nulliparity, ano-
vulation, diabetes and hypertension [3]. A group
at risk for developing endometrial carcinoma in-
cludes young women with ovarian cancer, as well
as the carriers of autosomal dominant mutations
of the DNA mismatch repair (MMR) gene in germ
cells [4-6]. The first and the most common symp-

and Obstetrics (FIGO) classification, which was significant-
ly revised in 2009. The FIGO classification incorporates
two of the important prognostic parameters, the depth of
myometrial invasion and histological grade. The depth of
myometrial invasion can be accurately assessed by MRI.
MRI is not officially included in the FIGO staging system.
However, it is widely accepted as a suitable imaging tech-
nique for preoperative staging, treatment planning and
monitoring of patients with endometrial cancer.
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tom of malignant endometrial diseases in about
90% of the patients is an abnormal postmenopau-
sal vaginal bleeding [7].

Endometrial adenocarcinoma is the most
common type of endometrial cancer, and is char-
acterized by good prognosis as well as good sur-
vival rate [8].

Although a serious approach in symptomat-
ic women leads to early diagnosis and excellent
survival rates, there are still no screening tests
recommended for asymptomatic women [9].

Treatment planning for each patient depends
on the stage of disease and known prognostic fac-
tors. The prognostic factors include the histologic
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type, nuclear and histological grade, invasion of
the cervix, depth of myometrial invasion, involve-
ment of adjacent organs, regional lymph nodes,
presence of distant metastases, patient age, and
menopausal status. The application of modern
imaging tools (computed tomography-CT, MRI)
plays an important role in the preoperative assess-
ment of disease extent and allows the selection of
a proper and adequate therapeutic approach for
each patient. This way, both the patients requir-
ing a more radical therapeutic approach as well
as those who do not require surgery are selected
[10,11]. The application of MRI preoperatively re-
duces the need for an unnecessary nodal dissec-
tion [12].

MRI protocol

Pelvic examination is performed in TIW and
T2W sequences in at least two planes of scanning.
The differentiation of the pathological process can
be facilitated by the use of the inversion recovery
(IR) sequence as well as TIW fat-suppressed se-
quences before or after the administration of con-
trast agent. TW2 sequence in the sagittal plane
is the basis of MRI of the female pelvis. MRI en-
ables the display of zonal anatomy of the uterus,
detection of the anomalies as well as the detection
and characterization of pathological processes.

The sequences enabling the suppression
of fat (FAT-SAT) are used for better detection of
the processes in structures with excessive fat.
Post-contrast studies are used to evaluate endo-
metrium and to assess the local extent of tumor in
the uterus. MRI cannot be applied as a screening
method, since carcinomas in situ and hyperplasia,
as well as polyps cannot be distinguished in an
image [13,14].

The most commonly used protocol includes
the following sequences: T1 TSE COR, T2 TSE
COR, T1 TSE SAG, T2 TSE SAG, T2 SPC NS TRS
COR P3ISO, T1 TRA, T2 TRA, T1 VIBE FS precon-
trast and T1 VIBE FS TRA, T1 TSE FS SAG, and T1
VIBE FS TRA delayed postcontrast scans.

Normal MRI appearance of the uterus

The position of the uterus varies. Typically,
the uterus is located centrally, set on the roof of
the bladder. The size and perfusion (an increase of
signal intesity (SI) after the contrast administra-
tion) vary during the menstrual cycle. After intra-
venous contrast administration the uterine cavity
is visualized as a ring or a T- shaped hypointense
structure. On MRI, corpus is characterized by a

relatively low SI on both pre and post contrast
T1W sequences.

T1W sequences are used to assess the exter-
nal uterine contour, to evaluate the presence of
hematometra and to display lymph nodes. The im-
ages include a large field of view to evaluate the
entire pelvis and upper abdomen [14].

On T2W sequences, endometrium is dis-
tinguished by a high SI from the myometrium
which shows an intermediate SI. Two layers of the
myometrium can be seen on these sequences. The
outer layer is of an intermediate SI whereas an
inner one is of lower intensity - junctional zone.
This hypointense band known as junctional zone
has no clear histomorphological analogue. The
appearance of this zone on MR images is prob-
ably caused by the reduction of water content,
caused by closely packed compact smooth muscle
cells with little extracellular matrix, which conse-
quently changes the signal. Endometrium usually
shows a high SI on T2W. Endometrial thickness
varies from 1-7 mm throughout the menstrual cy-
cle (Figure la). The tumor is evaluated on these
sequences [14,15].

After intravenous administration of Gd-DTPA
contrast agent, the myometrium of a premeno-
pausal woman shows a high SI on postcontrast
images, whereas it shows a late moderate en-
hancement on dynamic sequences. The junctional
zone, if it is registered, has a lower SI compared
to the rest of the myometrium (Figure 1b). In that
case, muscle and cervical tumor invasion can be
evaluated on T1W sequences as well , but in a
smaller area. Following the contrast administra-
tion, the zones also seen on T2W sequences, are
shown. In a postmenopausal uterus these three
zones are not recognized well. Postmenopausal
myometrium is characterized by a homogeneous
SI that is lower than in a premenopausal uterus.
The maximum thickness of the postmenopausal

Figure 1. Pelvic MRI: a) T2W image and b) TIW C+
image show a normal uterine anatomy (arrows).
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endometrium is between 3 and 5 mm. Cervical
stroma does not increase significantly. However,
endocervix is better shown [14].

Dynamic MR (DCEMRI) monitors the passage
of contrast in time, through the tumor tissue. In
the early enhancement phase (0-1 min), suben-
dometrial zone is monitored. It enhances earlier
than the bulk of myometrium corresponding to
the inner juncional zone. This is particularly sig-
nificant for postmenopausal women, in whom the
junctional zone cannot be seen well. In the next
stage of equilibrium (2-3 min) myometrial inva-
sion depth is evaluated. In the late stage a cervical
stromal invasion by the tumor (4-5 min) is eval-
uated [14].

MRI appearance of endometrial carci-
noma

Endometrial cancer is assessed with T2W se-
quences, in at least two planes: the sagittal and
the axial plane. It appears as a thickened endo-
metrium and an expanded cavity. The tumor is
of intermediate to high SI, but often lower than
a typical SI of the endometrium. The abnormal
endometrium often appears as heterogeneous SI
on T2W. An estimation of the invasion depth is
made on T2W sequences. Sometimes application
of the contrast is required in order to distinguish
the tumor more precisely from the surrounding
myometrium as a zone that slowly and to a lesser
degree enhances SI compared to an intact myo-
metrium [13,14].

On T1W sequences endometrial carcinoma is
isointense as a normal endometrium. On T2W
sequences it may be of lower intensity, isointense,
of higher intensity or heterogeneous. After intra-
venous administration of contrast medium, the
lower segments of a normal myometrium show
earlier enhancement. Endometrial cancer shows
earlier enhancement compared to a normal endo-
metrium and a later one compared to the myo-
metrium. The maximum of the contrast between
a tumor and the myometrium is achieved in the
equilibrium phase. The application of contrast
medium has increased the precision of the method
and has provided a more precise staging of endo-
metrial cancer [16]. In cases where the junctional
zone cannot be detected it is necessary to perform
the imaging with the contrast since false-positive
results will be reduced [17]. Endometrial cancer
shows lower intensity compared to the normal
myometrium and it increases slowly on dynamic
sequences [18,19]. The diagnosis of myometrial
invasion is established by the detection of an in-
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terruption of the junctional zone, which appears
more hypointese compared with the rest of the
myometrium. In postmenopausal women there
may be a problem with the identification of the
zonal anatomy as well as in patients with a large
polypoid tumors located in cavum [17]. Multiple
myomas and congenital anomalies, and retrover-
sions can also cause problems with the required
identification of the junctional zone [14,17,20]. In
patients with adenomyosis (the presence of ectop-
ic endometrial tissue, glands and stroma in the
uterine muscle) the sensitivity of MRI is signif-
icantly lower. MRI results are more accurate if
dynamic MRI is performed. Authors dealing with
this type of cancer state that in this case suspi-
cious focal areas of low intensity can be noticed
in the early stage of contrast spreading while in
the late phase the contrast spreads through the
entire endometrium [14,17,19]. Therefore, it is
strongly recommended to use dynamic sequences
in patients with adenomyosis (8-16% frequency),
to achieve a more precise assessment of the depth
of the invasion [21].

Staging of endometrial carcinoma;

FIGO classification

The staging of cancer is one of the fundamen-
tal activities in oncology and is very important
in the modern treatment of cancer patients. The
staging of the disease helps in treatment plan-
ning, prognosis, treatment evaluation, spread-
ing knowledge about the course of the disease
and cancer research. Endometrial cancer is staged
with the FIGO classification, which was signifi-
cantly revised in 2009 (Tablel) [22, 23].

FIGO classification incorporates two of the
important prognostic parameters, the depth of
myometrial invasion and the histological grade.
It is well known that the depth of invasion is cor-
related with the occurrence of lymph node metas-
tases. The survival of patients with endometrial
cancer decreases with increasing depth of myo-
metrial invasion [24].

The depth of myometrial invasion can be ac-
curately assessed by applying MRI, whereas en-
dometrial sampling enables the determination of
the histological grade. MRI findings represent an
important predictor of lymph node metastases.
In order to determine whether to apply transab-
dominal, transvaginal, or laparoscopic surgical
approach, additional information provided by MR
imaging staging examination (eg, the size of the
uterus , tumor volume, presence of ascites or ad-
nexal disease) may be very helpful [25].
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Table 1. Revised FIGO staging system for endometri-
al carcinoma

Tumor confined to the corpus uteri / in-

Stage I volvement of the epithelium and endocer-
vical glands
1A < 50% myometrial invasion
1B > 50% myometrial invasion
Stage II Cervical stromal invasion
Stage III Local and regional spread of the tumor
Tumor invades the serosa of the corpus
II1A .
uteri or adnexa
I1IB Tumor invades the vagina or parametrium
IIIC Pelvic or retroperitoneal lymphadenopathy
II1IC, Involvement of pelvic lymph nodes
IIIC, Paraaortic lymph nodes involvement
Tumor invades bladder and bowel mucosa /
Stage IV .
distant metastases
IVA Tumor invades the bladder or bowel mu-
cosa
IVB Distant metastases

Due to reported similar prognosis in some of
the FIGO substages (stage la and IIa) in 2009, the
staging system was updated introducing certain
precise changes [22,26]. The former staging sys-
tem had three stage I substages; IA confined to
the endometrium, IB<50% myometrial invasion
and IC =50% myometrial invasion, whereas in
the new staging system there are two substages
for stage I : IA (<50% myometrial invasion) and
IB (=50% myometrial invasion) [27]. In the new
system, stage II has no substages and it consid-
ers only cervical stromal involvement (which was
stage IIB in the former system), whereas the new
system diagnoses endocervical glandular inva-
sion (which was stage IIA in the old system) as a
stage I endometrial cancer. In the former staging
system both the glandular involvement of the cer-
vix and the differentiation between stage IA and
IB had certain challenges. The new 2009 FIGO
staging is believed to provide a better accuracy in
MRI staging. There are still three subdivisions in
stage III : IITA, IIIB, and IIIC.

Stage IIIA are the tumors that invade the ser-
osa or adnexa, and stage IIIB the tumors invading
the vagina or parametrium. In the former system,
any lymphadenopathy (pelvic or retroperitoneal)
was considered a stage IIIC. However, in the new
FIGO system there is a division of stage IIIC into

the following stages: stage IIIC1 the characteris-
tic of which is the involvement of a pelvic lymph
node and stage IIIC2 which is characterized by
paraaortic lymph node involvement [28].

These revisions were introduced owing to the
prognostic data that suggest a worse outcome in
patients in whom paraaortic nodes are involved
compared to those with only involvement of the
pelvic nodes. There have been no changes in stage
IV: Stage IVA tumors are those extended into the
adjacent bladder or bowel, and stage IVB tumors
with distant metastases (eg, to the lungs or liver)
[28-30].

MRI classification is based on imaging. There-
fore, it may be useful, but not sufficient for a defi-
nite staging. The sensitivity and specificity of the
detection of the depth of myometrial invasion ac-
cording to the results of different studies ranges
from 69% to 94% [16,17,31-34]. The routine use of
MRI in patients with endometrial cancer may op-
timize a surgical procedure by providing informa-
tion on myometrial and cervical invasion, and the
presence of lymph node metastases [35]. Errors in
the assessment of myometrial invasion can occur
in large polypoid tumors, leiomyomas, congeni-
tal anomalies and very small atrophic uterus [14].
MRI is not suitable for the detection of superficial
lesions affecting the entire endometrium, as well
as for the identification of lymphadenopathy [306].

The depth of the myometrial invasion is the
most important prognostic factor and is correlat-
ed with tumor grade, cervical invasion by tumor
and prevalence of cervical lymph node metastases
[37].

Lymph node metastases, as well as the depth
of myometrial invasion represent significant
prognostic parameters. So far, MRI has not pro-
vided precise results in the detection of lymph
node metastases [33].

Infiltration of the cervix is an independent
prognostic factor, which significantly changes the
prognosis, survival and the therapeutic approach
[17,31].

Staging

Stage I: Tumor confined to the corpus uteri
with possible involvement of the epithelium and
endocervical glands.

Stage Ia: the tumor has not penetrated the
uterine muscle (intramucosal lesions). An image
obtained by MRI may show a thickened or nor-
mal endometrium, a well-defined junctional zone
along the entire circumference of the uterus and
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Figure 2. Pelvic MRI: a) T2W and b) T1W C+ images
show endometrial carcinoma with infiltration of myo-
metrium > 50% (arrows); complete loss of the junctional
zone (stage Ib).

Figure 3. Pelvic MRI: a) T2W and b) T1W C+ images
show a tumor protruding into the cervical canal with
the affected epithelium of the cervical glands and intact
stroma (arrows) (stage I).

Figure 4. Pelvic MRI: a) T2W and b) T1W C+ images
show cervical stromal invasion without a clear distinc-
tion between epithelium and stoma (arrows) (stage II).

lack of the interruption of the zone of subendome-
trial enhancement . Dynamic contrast-enhanced
sequences are useful when the junctional zone
cannot be seen well (often in postmenopausal pa-
tients). There is a clear distinction between the
endometrium and myometrium on T2W sequenc-
es and contrast enhancement on dynamic T1W

JBUON 2016; 21(3): 546

Figure 5. Pelvic MRI: a) T2W and b) T1W C+ images
show adnexal metastasis (arrows) (stage IIIa).

sequences [14,32,37].

In addition, stage Ia includes tumors affecting
up to 50% of the myometrium. An obtained MRI
image shows a complete disruption of the junc-
tional zone of the subendometrial enhancement.
The inner edge of myometrium is uneven.

Stage Ib: the tumor affects more than 50%
of the uterine muscle (Figures 2a,b). MR image
shows a complete loss of the junctional zone of
the subendometrial enhancement. The tumor sig-
nal penetrates deep into the myometrium, where-
as only the outer myometrium layer remains in-
tact [28].

The inner axis of the cervix and endocervical
canal are wavy and enhanced. The stroma of the
cervix is of low density and appears intact (Fig-
ures 3a,b).

Stage II: The invasion of the cervix. Absence of
cervical invasion can be determined by the visu-
alization of the entire cervical canal and the pres-
ence of clear contour of the cervical epithelium
on TW2 images or on postcontrast TIW images,
when there is a clear post-contrast enhancement.

The presence of cervical stromal invasion is
shown in Figures 4a,b. There is no clear distinc-
tion between epithelium and stoma. Post-contrast
images do not show a clear distinction either.
Therefore, the assessment of the invasion of the
cervix by MRI is significantly less sensitive and
reliable compared to the assessment of the myo-
metrial invasion [28].

Stage I1I: The tumor penetrates the uterine se-
rosa, affects the vagina or the lymph nodes.

IIIa: The tumor penetrates the uterine serosa.
There is a complete interruption of the continui-
ty of the outer layer of the uterus, loss of uterine
configuration and a possible invasion of the ova-
ries and the fallopian tubes by the tumor (Figures
5a,b).

IIIb: the vagina is affected by the tumor. A
segmental loss of hypointense structure of the



MRI in endometrial carcinoma

547

vaginal wall is seen on the images.

IIIc: affected lymph nodes. Images show en-
larged lymph nodes. Nodes larger than 1 cm are
considered pathological. The role of MRI in the
detection of lymph nodes is debatable [33]. In a
study Manfredi et al. [16] the sensitivity of MRI
for the detection of lymph node metastasis was
50% and the specificity 90%. Sensitivity may be
increased by the application of specific contrasts
[28,39].

This stage is divided into 2 substages:

IIIC1: characterized by pelvic lymph node in-
volvement, and IIIC2, characterized by paraaortic
lymph node involvement which significantly in-
fluences survival, since the patients with paraaor-
tic lymph nodes have worse outcomes.

Stage IV: the tumor has spread to the bladder
epithelium, intestine or distant metastases have
developed.

IVa: The tumor is affecting the bladder epithe-
lium or intestine. The signal of the normal bound-

References

1. Sankaranarayanan R, Felay ]J. Word-wide burden of
gynecological cancer: the size problem. Best Pract Res
Clin Obstet Gynaecol 2006;20:207-225.

2. Jemal A, Murray T, Ward E et al. Cancer Statistics
2005. CA Cancer J Clin 2005;55:10-30.

3.  Soliman PT, Oh JC, Schmeler KM et al. Risk factors
for younger premenopausal women with endometrial
cancer. Obstet Gynecol 2005;105:575-580.

4. Walsh C, Holschneider C, Hoang Y, Tieu K, Karlan
B, Cass I. Coexisting ovarian malignancy in young
women with endometrial cancer. Obstet Gynecol
2005;1006:693-699.

5. Lu KH, Schorge JO, Rodabaugh KJ et al. Prospective
determination of prevalence of Lynch syndrome in
young women with endometrial cancer. J Clin Oncol
2007;25:5158 -5164.

6. Armnio M, Sankila R, Pukkala E et al. Cancer risk in
mutation carriers of DNA-mismatch-repair genes. Int
J Cancer 1999;81:214-218.

7. Milenkovi¢ V, Spari¢ R, Atanackovi¢ J. Methods of
screening for endometrial cancer. Srp Arh Celok Lek
2005;133:199-201.

8. Prodanova I, Stavri¢ G. Histopatologic diagnosis of
endometrial neoplasms. Arch Oncol 1998;6:24-25.

9.  Wolfman W, Leyland N, Heywood M et al. Asympto-
matic endometrial thickening. ] Obstet Gynaecol Can

aries between the uterus and the bladder or the
bladder and rectum is disrupted. In case of suspi-
cion of disease spread to the bladder and rectum,
rectoscopy and cystoscopy should be conducted to
confirm the diagnosis.

IVb: Tumor metastases are registered in dis-
tant organs [28].

Conclusion

MRI is not officially included in the FIGO
staging system. However, it is widely accepted
as a suitable imaging technique for preoperative
staging, treatment planning and monitoring of
patients with endometrial cancer. This method
provides high resolution images with good con-
trast without exposure to radiation.

Conflict of interests

The authors declare no confict of interests.

2010;32:990-999.

10. Kim SH, Kim HD, Song YS, Kang SB, Lee HP. Detec-
tion of deep myometrial invasion in endometrial car-
cinoma: comparison of transvaginal Ultrasound, CT,
and MRI. ] Comp Assist Tomogr 1995;19:766-772.

11. Frei KA, Kinkel K, Bonel HM, Lu Y, Zaloudek C, Hricak
H. Prediction of deep myometrial invasion in patients
with endometrial cancer: clinical utility of contrast-
enchanced MR imaging- a meta analysis and Bayesi-
an analysis. Radiology 2000;216:444-449.

12. Hardesty LA, Sumkin JH, Nath ME et al. Use of preop-
erative MR imaging in the management of endome-
trial carcinoma: cost analysis. Radiology 2000;215:45-
49.

13. Kubik-Huch RA, Reinhold C, Semelka RC, Michel SC,
Pedro M. Uterus and cervix. In : Semelka R (Ed): Ab-
dominal-pelvic MRI (2nd Edn): Willey-Liss Inc., New
York, 2002, pp 1049-1122.

14. Sala E, Wakely S, Senior E, Lomas D. MRI of malig-
nant neoplams of the uterine corpus and cervix. AJR
Am ] Roentgenol 2007;188:1577-1587.

15. Novellas S, Chassang M, Delotte J et al. MRI charac-
teristics of the uterine junctional zone: from normal
to the diagnosis of adenomyosis. AJR Am ] Roentgen-
01 2011;196 :1206-1213.

16. Manfredi R, Mirk P, Maresca G et al. Local-regional
staging of endometrial carcinoma: role of the MRI Im-

JBUON 2016; 21(3):547



548

MRI in endometrial carcinoma

17.

18.

19.

20.

21.

22.

23.

24.

25.

206.

27.

28.

aging in surgical planning. Radiology 2004;231:372-
378.

Zandrino F, La Paglia L, Musante F. Magnetic reso-
nance imaging in local staging of endometrial carci-
noma: diagnostic performance, pitfalls, and literature
review. Tumori 2010;96:601-608.

Frei KA, Kinkel K. Staging endometrial cancer :Role of
magnetic resonance imaging. ] Magn Reson Imaging
2001;13:850-585.

Seki H, Kimura M, Sakai K. Myometrial invasion of
endometrial carcinoma assessed with dynamic MRI
and contrast-enchanced T1-weighted images. Clin Ra-
diol 1997;52:18-23.

Scoutt LM, McCarthy SM, Flynn SD et al. Clinical
stage I endometrial carcinoma: pitfalls in preopera-
tive assessment with MR imaging. Work in progres.
Radiology 1995;194:567-572.

Utsunomiya D, Notsute S, Hayashida Y et al. Endo-
metrial carcinoma in adenomyosis. Assessment of
myometrial invasion on T2-weighted spin-echo and
gadolinium- enhanced T1-weighted images. AJR Am
J Roentgenol 2004;182:399-404.

Creasman W. Revised FIGO staging for carcinoma of
the endometrium. Int ] Gynecol Obstet 2009;105:109.

Hardesty LA, Sumkin JH, Nath ME et al. Use of preop-
erative MR imaging in the management of endome-
trial carcinoma: cost analysis. Radiology 2000;215:45-
49.

Creasman WT, Odicino F, Maisoneuve P et al. Carcino-
ma of the corpus uteri. FIGO 26 th Annual Report on
the Results of Treatment in Gynecelogical Cancer. Int
J Gynecol Obstet 2006;95:5S105-143.

Petri¢ A, Stojanov D, Lili¢ V et al. The application of
magnetic resonance imaging in preoperative evalua-
tion of patients with endometrial carcinoma. ] BUON
2011;16:492-497.

ASTEC study group, Kitchener H, Swart AM, Qian
Q, Amos C, Parmar MK. Efficacy of systematic pelvic
lymphadenectomy in endometrial cancer (MRC AS-
TEC trial): a randomised study. Lancet 2009;373:125-
1306.

Odicino F, Pecorelli S, Zigliani L, Creasman WT. His-
tory of the FIGO cancer staging system. Int J Gynae-
col Obstet 2008;101:205-210.

Beddy P, O'Neill AC, Yamamoto AK, Addley HC, Rein-
hold C, Sala E. FIGO staging system for endometrial

JBUON 2016; 21(3): 548

29.

30.

31.

32.

33.

34,

35.

30.

37.

38.

39.

cancer: added benefits of MR imaging. Radiographics
2012;32:241-254.

Morrow CP, Bundy BN, Kurman RJ et al. Relation-
ship between surgical-pathological risk factors and
outcome in clinical stage I and II carcinoma of the
endometrium: a Gynecologic Oncology Group study.
Gynecol Oncol 1991;40:55-65.

Ballester M, Koskas M, Coutant C et al. Does the use
of the 2009 FIGO classification of endometrial can-
cer impact on indications of the sentinel node biopsy?
BMC Cancer 2010;10:465.

Savelli L, Ceccarini M, Ludovisi M et al. Preoperative
local staging of endometrial cancer : transvaginal
sonography vs. magnetic resonance imaging . Ultra-
sound Obstet Gynecol 2008;31:560-5606.

Torricelli P, Ferraresi S, Fiocchi F et al. 3-T MRI in the
preoperative evaluation of the depht of myometrial
infiltration in endometrial cancer. AJR Am J Roentge-
nol 2008;190:489-495.

Ryoo UN, Choi CH, Yoon Y] et al. MR Imaging in en-
dometrial carcinoma as a diagnostic tool for the pre-
diction of myometrial invasion and lymph node me-
tastasis. Cancer Res Treat 2007;39:165-170.

Chung HH, Kang SB, Cho JY et al. Accuracy of MR
imaging for the prediction of myometrial invasion of
endometrial carcinoma. Gynecol Oncol 2007;104:654-
659.

Koyama T, Tamai K, Togashi K. Staging of carcinoma
of the uterine cervix and endometrium. Eur Radiol
2007;17:2009-2019.

Verpula M]J, Klemi PJ. Staging of uterine endome-
trial carcinoma with ultralow field (0,02 T) MRI: a
comparative study with CT. ] Comput Assist Tomogr
1993;17:641-647.

Mariani A, Webb MJ, Keeney GL, Podratz KC. Routes
of lymphatic spread: a study of 112 consecutive pa-
tients with endometrial cancer. Gynaecol Oncol
2001;81:100-104.

Kinkel K, Forstner R, Danza FM et al. Staging of en-
dometrial cancer with MRI: Guidelines of the Eu-
ropean Society of Urogenital Imaging. Eur Radiol
2009;19:1565-1574.

Klerkx WM, Bax L, Veldhuis WB et al. Detection of
lymph node metasases by gadolinium-enchanced

magnetic resonance imaging: systematic review and
meta - analysis. ] Natl Cancer Inst 2010;102:244-253.



