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ABSTRACT

Endometrial carcinoma is the most common
gynecologic malignancy and accounts for 6% of
all cancers in women. In patients with en-
dometrial cancer, preoperative knowledge of
myometrial tumor extension has important
prognostic and therapeutic implications. The
aim of this retrospective study is to assess
whether magnetic resonance (MR) imaging is
useful to assess the depth of myometrial inva-
sion by endometrial carcinoma. Sixty patients
between 2003 and 2005 were included in the
study. All patients were proven histopathologi-
cally endometrial carcinoma and underwent pre-
operative MR imaging and all data was com-
pared in all cases. The histological results
showed no myometrial invasion in 8 cases,
myometrial invasion of less than 50% in 35
cases, and myometrial invasion of more than
50% in 17cases. In the cases of no myometrial

invasion, MR T2 weighted imaging had a sensi-
tivity of 87.5%, a specificity of 86.5%, a positive
predictive Value (PPV) of 50.0% and a negative
predictive value (NPV) of 97.8%. In the cases of
myometrial invasion of less than 50%, MR T2
weighted imaging had a sensitivity of 82.9%, a
specificity of 72.0%, PPV of 80.6% and NPV of
75.0%. By contrast, in the cases of myometrial
invasion of more than 50%, the sensitivity, speci-
ficity, PPV and NPV of MR T2 weighted imag-
ing were 58.8%, 100%, 100% and 86.0% respec-
tively. Errors in MR findings when determining
myometrial tumor spread were more frequently
underestimations rather than overestimations.
Our results indicate that MR imaging is

useful for the preoperative assessment of the
depth ofmyometrial invasion in patients with en-
dometrial carcinoma.
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INTRODUCTION
Endometrial carcinoma is the most common

gynecologic malignancy and accounts for 6% of
all cancers in women. Most cases are first seen
in the early stage, because of symptomatic ab-
normal bleeding1). Prognosis may be affected by
several factors, including histological type, tu-
mor grade and depth of myometrial invasion 2).
The histological type and tumor grade may be
determined at the time of diagnostic en-
dometrial curettage, whereas myometrial inva-
sion can be evaluated definitively only on surgi-
cal extirpation of the uterus. However, preop-
erative knowledge of the depth of myometrial
invasion could play a great importance in the
treatment plan. This retrospective study was
designed to determine the sensitivity, specific-
ity, PPV and NPV of MR imaging in assessing
myometrial invasion in patients with en-
dometrial cancer.

MATERIAL and METHODS
Patients
Sixty patients from January 2003 to Decem-

ber 2005 with clinical stage I endometrial carci-
noma were considered for inclusion in this retro-
spective study. All patients were referred for
preoperative diagnostic endometrial curettage
and MR imaging. Following these preoperative
examination, hysterectomy was performed.
Staging of endometrial carcinoma was as-

sessed surgically according to the International
Federation of Gynecology and Obstetrics (FIGO)
staging system (Table 1) 3). The patients were

33�85 years of age (mean, 60.2 years). Nine pa-
tients were pre� or perimenopausal, and fifty�
one were postmenopausal. Fifty�seven had en-
dometrioid adenocarcinoma, and three had clear
cell adenocarcinoma.

MR imaging
All patients were imaged with a 1.5�T sys-

tem (Signa; GE Medical Systems, WI) and
phased array coil was used as a body. Ti�
weighted spin�echo images with a repetition
time of 400�600 msec and an echo time of 8
msec (400�600/8) were obtained in the axial
plane. T2�weighted fast spin�echo images
(4,000�5,000/100) were obtained in the axial and
sagittal planes. Imaging parameters were two
signals acquired with a 384 x 256 matrix, of 6.0�
mm section thickness, 1.5�2.5 mm intersection
gap, and a 22�24 cm field of view (the smallest
field of view possible; it was dependent on pa-
tient size). MR images were interpreted retro-
spectively by a single experienced radiologist
who was blinded to the pathologic results. Im-
ages were analyzed for the signal intensity of
the tumor relative to that of the myometrium,
the status of the junctional zone (JZ), the pres-
ence of leiomyoma and adenomyosis .
Myometrial invasion of endometrial carcinoma
was staged with MR imaging according to es-
tablished criteria (Table 2)4).

Pathological review
Two experienced pathologist, who were

blinded to the clinical information and the MR

Table 1 FIGO staging system for endometrial carcinoma
stage Characteristics
stage I The tumor is confined to the uterine fundus
Ⅰ A The tumor is limited to the endometrium
Ⅰ B The tumor invades less than one�half of the myometrial thickness
Ⅰ C The tumor invades more than one�half of the myometrial thickness
stage Ⅱ The tumor extends to the cervix
Ⅱ A Cervical extension is limited to the endocervical glands
Ⅱ B Tumor invades the cervical stroma
stage Ⅲ There is regional tumor spread
stage Ⅳ There is bulky pelvic disease or distant spread
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findings, reviewed the 60 cases. They esti-
mated microscopically the depth of myometrial
invasion, histological type, grading, the presence
of leiomyoma and adenomyosis. Furthermore,
the pattern of myometrial invasion was distin-
guished between solid pattern and diffuse pat-
tern, as described previously 5).

Statistical analysis
Sensitivity, specificity, accuracy, positive

predictive value (PPV), and negative predictive
value (NPV) were calculated for each of the
three myometrial invasion groups.

RESULTS
Comparison of the MR and pathologic find-

ings of depth of myometrial invasion in our se-
ries of sixty patients with clinical stage I en-
dometrial carcinoma is presented in Table 3.
Pathological findings revealed the cancer to
have intramucosal localization in 8 cases,
myometrial invasion of less than 50% in 35 cases
and invasion of more than 50% in 17 cases. By
MR findings, intramucosal tumor was diagnosed
in 14 cases, myometrial invasion of less than
50% in 36 cases and myometrial invasion of
more than 50% in 10 cases. The MR diagnoses
concurred with the pathological results in 46/60

of the cases (76.7%).
Statistical indexes of the accuracy of MR

imaging are shown in Table 4. The sensitivity
and specificity of MR and the positive and nega-
tive predictive values for no myometrial inva-
sion were 87.5%, 86.5%, 50.0% and 97.8% respec-
tively. The sensitivity and specificity of MR and
the positive and negative predictive values for
myometrial invasion of less than 50% were
82.9%, 72.0%, 80.6% and 75.0% respectively. The
sensitivity and specificity of MR and the posi-
tive and negative predictive values for
myometrial invasion of more than 50% were
58.8%, 100%, 100% and 86.0% respectively.
Mismatch cases between MR imaging and

pathological staging are shown in Table 5. 13
cases were underestimated by MR imaging (Ta-
ble 5�A). In six of the cases of myometrial inva-
sion of less than 50%, the MR result showing no
myometrial invasion was proven to be wrong
by pathological examination of the specimens.
Among these 6 cases, 4 showed only slight inva-
sion and in the other two multiple intramural
leiomyomas were present in the uterine horn.
In another six cases MR revealed myometrial
invasion of less than 50%, however pathological
examination of these surgical specimens dis-
closed invasion of more than 50%. The follow-
ing factors made the evaluation difficult. In two
cases, the junctional zone was absent. In two
other cases, multiple intramural leiomyomas
were present. Two had adenomyosis. One had
myometrial invasion of only slightly more than
50%. In 4 cases, the form of invasive carcinoma
was particularly diffuse. When carcinoma is
spread diffusely, assessment of myometrial inva-
sion by MR imaging may be difficult. In one

Table 2 MRI staging criteria

stage findings

IA Intact JZ，normal MT

IB Interrupted JZ，invasion≦５０％ of MT

IC Interrupted JZ，invasion＞５０％ of MT

JZ:junctional zone， MT:myometrial thickness

Table 4 Statistical indexes of the accuracy of
MR imaging

stage Sensitivity Specificity PPV NPV

ⅠA ８７．５ ８６．５ ５０．０ ９７．８

ⅠB ８２．９ ７２．０ ８０．６ ７５．０

ⅠC ５８．８ １００ １００ ８６．０
PPV:Positive Predictive Value， NPV:Negative Pre-
dictive Value
All Values are percentages

Table 3 Comparison of MR imaging and Pathologi-
cal staging in depth of myometrial invasion

MR stage
Pathological Stage

IA IB IC

IA （n＝１４） ７ ６ １

IB （n＝３６） １ ２９ ６

IC （n＝１０） ０ ０ １０
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case, no myometrial invasion was seen on MR
imaging, but invasion of more than 50% was pa-
thologically confirmed in the surgical specimen.
This case was a diffusely spread form and had
multiple intramural leiomyomas.
One case was overestimated by MR imag-

ing (Table 5�B). This case had intramural leio-
myoma and junctional zone absence.

DISCUSSION
Prognosis of endometrial carcinoma may be

affected by several factors, including histological
type, tumor grade and depth of myometrial in-
vasion 2). Though the histological type and tu-
mor grade may be determined at the time of di-
agnostic endometrial curettage, myometrial in-
vasion can be evaluated definitively only on sur-
gical extirpation of the uterus. Thus, preopera-
tive knowledge of the depth of myometrial inva-
sion could be of great importance in the treat-
ment plan. In the present study, we evaluated

the efficiency of MR imaging for the preopera-
tive diagnosis of myometrial invasion. In previ-
ous studies, the accuracy of MR imaging for the
evaluation of myometrial invasion in en-
dometrial carcinoma varied between 58% and
89% 6�13). In present study, we used T2�
weighted images to estimate the depth of
myometrial invasion. Our results are similar to
those of previous studies 6�13).
In each stage, statistical indexes of the ac-

curacy of MR imaging show almost acceptable
results. However, in the estimation for no
myometrial invasion, the positive predictive
value was low (50.0%). Accurate diagnosis for
no myometrial invasion has become more im-
portant recently because the number of young
endometrial carcinoma patients has been in-
creasing. Since, standard therapies for en-
dometrial carcinoma are hysterectomy, bilateral
salpingo�oopholectomy or more pelvic lym-
phadenectomy, even if patients have a strong

Table 5�A Mismatch cases between MR imaging and pathological staging
Underestimated cases of MR imaging

Patient MR staging
Pathological

staging
JZ absence Leiomyoma Adenomyosis Histrogy Grade Invasion form

１ ⅠA Ⅰ B No No No Endomet G２ Solid

２ ⅠA Ⅰ B No No Yes Endomet G１ Solid

３ ⅠA Ⅰ B No No No Endomet G１ Solid

４ ⅠA Ⅰ B No No No Endomet G１ Solid

５ ⅠA Ⅰ B No Yes No Endomet G１ Solid

６ ⅠA Ⅰ B Yes Yes No Endomet G１ Solid

７ ⅠA Ⅰ C No Yes No Endomet G１ Diffuse

８ Ⅰ B Ⅰ C Yes No No Endomet G２ Diffuse

９ Ⅰ B Ⅰ C No Yes No Endomet G２ Diffuse

１０ Ⅰ B Ⅰ C Yes No Yes Endomet G２ Diffuse

１１ Ⅰ B Ⅰ C No Yes No Endomet G１ Diffuse

１２ Ⅰ B Ⅰ C No No Yes Endomet G２ Solid

１３ Ⅰ B Ⅰ C No No No Endomet G２ Solid

JZ： junctional zone，Endomet： Endometrioid adenocarcinoma

Table 5�B Mismatch cases between MR imaging and pathological staging
Overestimated cases of MR imaging

Patient MR staging
Pathological

staging
JZ absence Leiomyoma Adenomyosis Histrogy Grade Invasion form

１ Ⅰ B ⅠA Yes Yes No Endomet G１ Solid

JZ： junctional zone，Endomet： Endometrioid adenocarcinoma
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desire to bear children, they cannot retain their
fertility after surgery. However, in recent
years, conservative progesterone treatment in-
cluding high�dose medroxyprogesterone ther-
apy for well�differentiated stage Ia adenocarci-
noma was reported to be effective 14�17). Conser-
vative progesterone treatment is a safe and ef-
fective alternative for the patient, especially for
those who wish to preserve their fertility of the
14 cases diagnosed as no myometrial invasion
by MR imaging, seven cases were underesti-
mated, six were myometrial invasion of less
than 50%, and one was myometrial invasion of
more than 50%. Improvement of stage Ia diag-
nostic rate is a problem which needs to be
resoled.
As stated above, MR imaging is useful for

the evaluation of myometrial invasion, however,
it is not a completely satisfactory method. To
clarify which factors cause the misdiagnosis of
MR imaging, we analyzed the mismatch be-
tween MR imaging and pathological results (Ta-
ble 5). The presence and depth of myometrial
invasion can be assessed on T2 weighted im-
ages as an interruption of the junctional zone,
which appears hypointense, compared with en-

dometrial adenocarcinoma, which appears hy-
perintense. However, in postmenopausal
women the junctional zone may not be easily
visible and the myometrium may be thinned
due to uterine atrophy, making the presence
and depth of myometrial invasion more difficult
to assess. In fact, in our mismatch cases, the
junctional zone was not clearly visible in four
(28.6%) of 14 patients. Meanwhile, uteruses with
endometrial carcinoma complicating with leio-
myoma or adenomyosis are occasionally de-
formed and estimation of the presence and
depth of myometrial invasion seems to be more
difficult. As shown in Fig. 1, we classified two
patterns, solid and diffuse. The solid pattern
shows a clear division between carcinoma tissue
and normal myometrium. On the other hand,
the diffuse pattern shows loose invasion, with no
clear division between carcinoma tissue and
normal myometrium. In our underestimated
cases, a diffuse patterns of invasion was in pre-
sent in five (35.7%) of 14 patients. This is due to
the fact that the border between tumor and
normal myometrium is unclear in cases of dif-
fuse pattern. Previous studies suggest that
cases with diffuse pattern have a poorer prog-

Fig.1 The pattern of myometrial invasion

A）Solid pattern
Solid pattern shows surface growth with
clear division between carcinoma tissue
and normal myometrium．

B）Diffuse pattern
Diffuse pattern shows loose invasion with
no clear division between carcinoma tis-
sueand normal myometrium
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nosis than those with solid pattern 5) so careful
detection of the diffuse pattern is important.
In conclusion, the accuracy obtained in this

study was similar to previous studies. MR imag-
ing is an adequate method for estimation of the
depth of myometrial invasion in endometrial
carcinoma. However, in case with a junctional
zone absence, an intramural leiomyoma and dif-
fuse form of invasion more care should be taken
when estimating the depth of myometrial inva-
sion.
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