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Abstract

Endometrial cancer is the most common malignancy of female genitourinary
tract. It is primarily the cancer of post-menopausal women that occurs mostly
in women during the 6" and 7" decades of age. Preoperative examination
may include clinical assessment, pap smear test, Trans-Vaginal Ultrasound
(TVU), abdomino-pelvic CT scan and pelvic MRI. MRI can be used as the sole
imaging method before surgery in patients with endometrial cancer to evaluate
myometrial invasion appropriately.

The staging accuracy by means of MRI in patients with endometrial
cancer has been reported between 83 to 92%. According to MRI assessment,
endometrial cancer can be staged by evaluating myometrial invasion, cervical,
vaginal and nodal involvement. This paper comprehensively reviews the role of
pre-operative MRI in endometrial cancer.
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Epidemiology

Endometrial cancer is the most common malignancy of female
genitourinary tract which accounts for the fourth prevalent cancer
among women (following breast, lung and colon cancers) [1,2].
It has been reported that endometrial cancer is the seventh most
common cancer all over the world which is more common in
developed countries than developing countries [3]. The incidence of
this malignancy is ten times higher in North America and European
countries than developing countries [3,4]. It is primarily the cancer of
post-menopausal women that occurs mostly in women during the 6*
and 7" decades of age. The incidence of this cancer in women younger
than 40 years reports between 2-5% and near 25% of affected patients
are premenopausal women [5,6].

The prognosis of this cancer depends on different factors such
as: depth of myometrial invasion, histologic grade, disease stage and
lymphatic stage. Survival of affected patients range from 20-91% with
higher survival for white women than black ones (77% vs 60%) [7,8].

Risk Factors

Obesity, diabetes mellitus, nulliparity, estrogen therapy,
tamoxifen regimen, BMI> 25, physical inactivity and blood pressure
above 140/90 mm Hg are among considerable endometrial cancer risk
factors. Women with Stein-Leventhal syndrome, granulose/theca cell
tumors of the ovary are at risk for endometrial cancer development
[9-12]. Long lasting estrogen exposure will lead to endometrial
hyperplasia which is a leading cause of atypical hyperplasia and
endometrial cancer development [3]. Women who are receiving
tamoxifen regime treatment can develop endometrial cancer.
Tamoxifen which has anti-estrogen effects stimulates endometrium
like exogenous estrogen. In premenopausal women, being overweight
is associated with insulin resistance, increased ovarian androgen, an

ovulation and chronic progesterone deficiency.

On the other hand, in post menopausal women, obesity can lead
to endometrial proliferation stimulation, angiogenesis and decreased
apoptosis [3]. According to progesterone production by placenta,
pregnancy is a preventive factor for endometrial cancer such as intra-
uterine devices which produce levonorgestrel [3,13].

Endometrial cancer can be a part of Hereditary Non-Polyposis
Colon Cancer (HNPCC) which is a mendelian dominant syndrome
of right sided colon, endometrium and other organ cancers. Between
40% and 60% of women with HNPCC have risk factor of endometrial
cancer development [14,15].

Pathologies

Between 80-90% of all endometrial cancers are endometroid
type-cancers that refer to endometrial type glands [16]. These types of
endometrial cancers could range from well differentiated carcinoma
(gradel) to anaplastic carcinoma (grade3) [17,18].

According to International Federation of Gynecology and
Obstetrics (FIGO) staging system, endometrial cancer grade 1
consists of well formed glands with less than 6% solid non-squamous
areas [19]. Grade 2 consists of 6-50% solid non- squamous areas while
carcinomas with histological findings compatible with grade3 include
more than 50% non- squamous areas [20].

Near 10% of endometrial carcinomas are type 2 which are poor
prognosis and at high risk for recurrence as well as metastasis [21,22].
Mucinous carcinoma, Serous carcinoma, Clear-cell carcinoma, Mixed
carcinoma, Squamous-cell carcinoma, Transitional-cell carcinoma,
Small-cell carcinoma, Undifferentiated carcinoma are classified as
type 2 endometrial carcinomas.

FIGO Staging

According to FIGO staging system, myometrial and uterine
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FIGO Staging: Staging Classification (FIGO) for Endometrial Cancer Based on
Surgical Findings and Histology.

Stage | Tumour confined to the corpus uteri
Stage 1A myometrial invasion less than 50%
Stage I1B Invasion equal to or more than half of the myometrium
Tumour invades cervical stroma, but does not extend
Stage Il
beyond the uterus
Stage Il Local or regional spread of the tumour
Tumour invades the serosa of the corpus uteri and/or
Stage IlIIA
adnexaeb
Stage IlIB Vaginal and/or parametrial involvement
Stage IlIC Metastases to pelvic and/or para-aortic lymph nodes
Positive pelvic nodes
Stage IlIC1 Positive para-aortic lymph nodes with or without
Stage 11IC2 positive pelvic lymph nodes
Tumour invades bladder and/or bowel mucosa, and/or
Stage IV .
distant metastases
Stage IVA Tumour invasion of bladder and/or bowel mucosa
Distant metastases, including intra-abdominal
Stage IVB metastases
and/or inguinal lymph nodes.

serosa invasion, adnexal involvement, peritoneal cytology, intra
abdominal and lymph nodes involvement should be considered in
accurate cancer staging (Table 1).

Preoperative Examination

Although preoperative examination is not as accurate as surgical
staging, it helps clinicians to tailor treatment.

Preoperative examination may include clinical assessment, pap
smear test, Trans-Vaginal Ultrasound (TVU), abdomino-pelvic CT
scan and pelvic MRI.

Although higher sensitivity has been reported for CT scan than
MRI for detection of retroperitoneal lymph nodes involvement,
previous meta analysis showed that diagnostic performance of
dynamic contrast-enhanced MRI for myometrial invasion detection
is higher than CT or TVU [23].

Magnetic Resonance Imaging (MRI)

MRI can be used as the sole imaging method before surgery in
patients with endometrial cancer to evaluate myometrial invasion
appropriately.

The staging accuracy by means of MRI in patients with endometrial
cancer has been reported between 83 to 92% [24,25]. According to
MRI assessment, endometrial cancer can be staged by evaluating
myometrial invasion, cervical, vaginal and nodal involvement.

Techniques

Patient preparation

To obtain good diagnosis, it is better to prepare patients before
MRI. Supine position is the standard examination position. Patients
should void before MR examination [26,27].

One of the major concerns is motion artifacts especially over the
focus areas of endometrium and cervix. To reduce this problem it is
better for patients to fast 3-6 hours before examination along with
Intra-muscular administration of anti-peristaltic agents such as
Hyoscine butyl bromie or glucagon [28,29].

If available, a multi channel pelvic phased array coil (using 4 coil
configuration), which offers higher signal to noise ration, lower scan
time and parallel imaging, is recommended.

Sequences

Although T-1 weighted images provide good information in
cases with recent bleeding, they cannot provide good intrinsic uterine
tissue contrast. But they are helpful in evaluating uterine borders and
surrounding fat and lymph nodes [29].

T-2 weighted images can provide appropriate evaluation of
uterine body, cervix, vagina and description of the tumor. Axial
oblique, coronal and sagittal planes are mostly obtained to assess the
tumor.

The axial oblique images are obtained in plane vertical to uterine
corpus.

Pre MRI contrast administration of 0.1 mg/kg gadolinium agent is
needed. Contrast administration helps differentiation of tumor from
debris and outlines the tumor in patients with indistinct junctional
zone. (In patients with GFR<30cc/min contrast administration is not
recommended).

Axial oblique images acquire 4 minutes after contrast injection
while sagittal images acquire 25 seconds, 1 &2 minutes after contrast
injection. These sequences improve sensitivity and negative predictive
value of MR evaluation for endometrial cancer assessment [30,31].

The maximum tumor enhancement occurs 60-90 minutes after
contrast injection.

It takes between 60 to 90 seconds after contrast injection to
differentiate myometrium from tumor correctly (28).

Normal anatomy of uterus

Uterus is a pear-shaped structure which could be evaluated on
T-2 weighted images.

Differentiation between enometrium and myometrium on T-1
images is not possible due to similar relaxation times [29].

On T-2 weighted images, three distinct zones of uterus can be
identified.

The high signal inner layer is endometrium. The middle layer,
myometrium, is low signal in the deep part (junctional zone) and
intermediate signal intensity at outer layer.

The difference between inner and outer layer signal intensities
is due to lower water content of the inner layer in comparison with
outer layer.

The junctional zone, the most inner layer of myometrium, plays an
important role in evaluating myometrial infiltration by endometrial
carcinoma if its integrity is intact, myometrial infiltration could be
excluded.

On T1- Weighted non contrast images, the zonal anatomy of
uterus is not seen, because junctional zone and myometrium have
similar intermediate signal intensity. After intravenous contrast
injection, differentiation between endometrium and myometrium
according to asynchronous contrast enhancement will be possible.

Yamashita et al described different uterine enhancement pattern
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Table 1: Showes sensitivity, specificity and accuracy of preoperative MRI in evaluating endometrial cancer in different studies.

) . Myometrial invasion Cervical invasion Metastatic lymph nodes

First author No of patients L e L . e s
sensitivity, specificity and accuracy sensitivity, specificity and accuracy sensitivity, specificity and accuracy

Akaeda [40] 21 100% 100% 100% 100%, 89%, 91% -
Cabrita [34] 162 83% 72% 77% 42% 92% 81% 17% 99% 89%
Manfredi[29] 37 879189 80 96 92 50 95 90

Hori [33] 30 60,85, 77 43,91, 80 50 88 83

Sala [41] 50 97, 100, 98 88, 100, 98 80, 100

in different phases and age groups [30].

In post menopausal women and during proliferative phase,
thin sub endometrial enhancement followed by entire myometrial
enhancement can be observed. In secretory phase, early enhancement
of junctional zone can be detected. While entric endometrial
enhancement is observed during menstruation.

Stage |

In stage I, The tumor is limited to uterine body. Based on
the degree of myometrial invasion, stage I could be divided into 2
subgroups.

Irregular endometrium — myometrium interface or disruption of
junctional zone should be considered as sign of myometrial invasion.

The junctional zone is hypo intense on T2 - weighted images
and shows early enhancement after contrast injection [32]. T1 -
weighted images showing enhancement during equilibrium phase
and a hypovascular lesion within the enhancing myometrium could
be observed. If the myometrial invasion is less than 50%, the tumor
stage is TA and if the invasion is equal or more than 50% the tumor
stage is IB. Previous studies showed that MRI accuracy for detecting
depth of myometrium invasion by endometrial carcinoma could vary
from 68% to 80% by means of T2- weighted images while dynamic
images during injection could improve accuracy of assessment to
83% - 91% [28-30] according to improved contrast to noise ratio
between endometrial cancer and myometrium.

Stage 11

The previous FIGO staging system, divided Stage II into two
subgroups: ITA (endo-cervical glandular invasion) and IIB (cervical
stromal invasion).

The new FIGO staging system, considers stage ITA as stage I and
stage IIB as stage II.

Disruption of low signal intensity of cervical stroma by the higher
signal intensity of endometrical carcinoma on T2 - weighted images
is considered as cervical stromal invasion. Contrast enhanced images
will help to differentiate tumor from debris [24,28].

The sensitivity, specificity and accuracy of MRI in evaluating
cervical invasion has been reported as 67% - 100%, 92% - 100% and
92% [28,31].

Stage 111

In stage III tumor spreads outside the uterus to serosa and/or
adnexa, (IITA) vagina and/or parametrium (IIIB) or to pelvic or para-
aortic lymphnodes (IIIC) [32].

Transmyometrial extensions, interruption of the low signal

intensity of the serosa / involvement of adenex or positive peritoneal
cytology are characteristics of stage IIIA tumors.

In patients with stage IIIB, as upper vagina is involved, disruption
of the low signal intensity of vaginal wall could be detected.

Metastases to pelvic and/or para-aortic lymph nodes are
characteristic of IIIC tumors.

According to the good contrast - to — noise ratio of the lymph
nodes (as they are low to moderate signal intense) and surrounding
fat (high signal intense), lymph nodes could be visualized well on T1-
Weighted images.

The sensitivity of MRI for detecting metastatic lymph nodes
ranging from 17% to 80% (33-37) by considering cut off point 10mm.

When cut oftf point reduces to 8mm, sensitivity of metastatic
lymph nodes increased while specificty decreased. (sensitvitiy
increased from 44% to 66%) while specificity decreased from 98% to
73% [35].

Stage IV

If the tumor invades other organs such as bladder, rectum, bowel
or distance metastasis such as lung, liver ... the stage will be IV.

In stage IVA bladder involvement will be present as focal or
diffuse disruption of the low-signal intensity of posterior bladder
wall, nodular or irregular bladder wall, protrusion of mass into
bladder lumen and presence of bullous edema [36,37].

Segmental thickening and loss of the anterior wall of rectum are
characteristics of rectum involvement.

Sensitivity and specificity of MRI in evaluating bladder or rectum
involvement ranged from 71 - 100% and 88-91% [38,39].

Distant metastasis such as abdominal lymph node involvement
(without pelvic lymph node involvement) and peritoneal involvement
are characteristic of stage IVB.

A study lemducted by hardesty et al showed that preoperative
MRI had or similar cast and accuracy to surgery in patients with
endometrial cancer [42]. Therefore, preoperative MRI could help the
physician to triage patients for appropriate and suitable management.

Dynamic Contrast-Enhanced MRI

By means of dynamic Contrast-enhanced MRI more accurate
staging of endometrial cancer could be possible. Tumors can be
distinguished from blood products and debris due to different
enhancement [30,43]. After administration of contrast agent,
tumors will enhance earlier than normal endometrium which are
hypointense in comparison with intense endometrium and hyper
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intense myometrium. Myometrial invasion could be assessed 50-120
seconds after agent application while maximum intensity difference
occurs between myometrium and tumor happens.

Three or four minutes after contrast injection, delayed phase
images will be obtained to evaluate stromal invasion.

Studies showed that combination of T2-weighted images and
dynamic Contrast-enhanced MRI will improve accuracy of MR
evaluation up to 98% [44-48].

Diffusion Weighted MRI

Water mobility, cellularity of the tissue and integrity of the cell
membranes could be evaluated by means of Diffusion weighted MRI
[49-51]. High signal intensity and restricted diffusion on diffusion
weighted MRI are characteristics of endometrial tumors. Diagnostic
accuracy of Diffusion weighted MRI for evaluating myometrial
invasion ranged from 62% to 90% [52,53]. Its application in patients
with endometrial cancer for further assessment is not well established
and more researches are needed to demonstrate its usefulness.

Pitfalls of MRI in Evaluating Endometrial
Cancer

It’s should be considered that, as endometrial cancer mostly occurs
in postmenopausal women and myometrium and endometrium
become thinner in these cases, on T2 - weighted images, lower
signal intersity of myometrial outlier will be observed. Therefore, the
junctional zone could not be clear [29-31].

The other pitfall of MRI is over estimation of parametrial invasion
in large tumors due to stromal edema. (In large tumors accuracy
estimated as 70% while in small tumors accuracy reported as 96%).

Conclusion

Preoperative MRI could be valuable for staging endometrial
cancer.

References

1. International Agency for Research on Cancer (IARC). Cancer Incidence in
Five Continents.

2. Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, et al. Cancer statistics,
2006. CA Cancer J Clin. 2006; 56: 106-130.

3. Parkin DM, Pisani P, Ferlay J. Global cancer statistics. CA Cancer J Clin.
1999; 49: 33-64.

4. Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor A, et al. Cancer
statistics, 2005. CA Cancer J Clin. 2005; 55: 10-30.

5. Ascher SM, Reinhold C. Imaging of cancer of the endometrium. Radiol Clin
North Am. 2002; 40: 563-576.

6. Amant F, Moerman P, Neven P, Timmerman D, Van Limbergen E, Vergote .
Endometrial cancer. Lancet. 2005; 366: 491-505.

7. Creasman WT, Odicino F, Maisonneuve P, Quinn MA, Beller U, Benedet JL,
et al. Carcinoma of the corpus uteri. FIGO 6th Annual Report on the Results
of Treatment in Gynecological Cancer. Int J Gynaecol Obstet. 2006; 95:
105-143

8. Rose PG. Endometrial carcinoma. N Engl J Med. 1996; 335: 640-649.

9. Weiderpass E, Persson |, Adami HO, Magnusson C, Lindgren A, Baron JA.
Body size in different periods of life, diabetes mellitus, hypertension, and risk
of postmenopausal endometrial cancer (Sweden). Cancer Causes Control.
2000; 11: 185-192.

1

o

11.

12.

13.

14.

1

ol

1

o

17.

18.

19.

20.

21.

2

N

23.

24.

25.

26.

27.

2

[e3)

29.

30.

. Anderson KE, Anderson E, Mink PJ, Hong CP, Kushi LH, Sellers TA, et al.

Diabetes and endometrial cancer in the lowa women'’s health study. Cancer
Epidemiol Biomarkers Prev. 2001; 10: 611-616.

Furberg AS, Thune I. Metabolic abnormalities (hypertension, hyperglycemia
and overweight), lifestyle (high energy intake and physical inactivity) and
endometrial cancer risk in a Norwegian cohort. Int J Cancer. 2003; 104: 669-
676.

Chubak J, Tworoger SS, Yasui Y, Ulrich CM, Stanczyk FZ, McTiernan
A. Associations between reproductive and menstrual factors and
postmenopausal sex hormone concentrations. Cancer Epidemiol Biomarkers
Prev. 2004; 13: 1296-1301.

Lynch HT, Shaw MW, Magnuson CW, Larsen AL, Krush AJ. Hereditary
factors in cancer. Study of two large midwestern kindreds. Arch Intern Med.
1966; 117: 206-212.

Lu KH, Dinh M, Kohlmann W, Watson P, Green J, Syngal S, et al. Gynecologic
cancer as a “sentinel cancer” for women with hereditary nonpolyposis
colorectal cancer syndrome. Obstet Gynecol. 2005; 105: 569-574.

. Clement PB, Young RH. Endometrioid carcinoma of the uterine corpus: a

review of their pathology with emphasis on recent advances and problematic
aspects. Adv Anat Pathol. 2002; 9: 145-184.

. Reinhold C, Gallix BP, Ascher SM.MRI of the abdomen and pelvis. New York:

Wiley-Liss. 1997; 585-660.

Goodman A. Premalignant and malignant disorders of the uterine corpus. In:
Decherney AH, Pernoll ML, eds. Current obstetric and gynecologic diagnosis
and treatment, 8th ed. Norwalk, CT: Appleton & Lange. 1994; 937-953.

Creasman WT. FIGO stage 1988 revision. Gynecol Oncol. 1989; 35: 125—
127.

Zaino RJ, Kurman RJ, Diana KL, Morrow CP. The utility of the revised
International Federation of Gynecology and Obstetrics histologic grading
of endometrial adenocarcinoma using a defined nuclear grading system.
Cancer. 1995; 75: 81-86.

Bokhman JV. Two pathogenetic types of endometrial carcinoma. Gynecol
Oncol. 1983; 15: 10-17.

Amant F, Moerman P, Neven P, Timmerman D, Van Limbergen E, Vergote
|. Treatment modalities in endometrial cancer. Curr Opin Oncol. 2007; 19:
479-485.

. Kinkel K, Kaji Y, Yu KK, Segal MR, Lu Y, Powell CB, et al. Radiologic staging

in patients with endometrial cancer: a meta-analysis. Radiology. 1999; 212:
711-718.

Hirano Y, Kubo K, Hirai Y, Okada S, Yamada K, Sawano S, et al. Preliminary
experience with gadolinium-enhanced dynamic MR imaging for uterine
neoplasms. Radiographics. 1992; 12: 243-256.

Lien HH, Blomlie V, Tropé C, Kaern J, Abeler VM. Cancer of the endometrium:
value of MR imaging in determining depth of invasion into the myometrium.
AJR Am J Roentgenol. 1991; 157: 1221-1223.

Marti-Bonmati L, Graells M, Ronchera-Oms CL. Reduction of peristaltic
artifacts on magnetic resonance imaging of the abdomen: a comparative
evaluation of three drugs. Abdom Imaging. 1996; 21: 309-313.

Dosdéa R, Marti-Bonmati L, Ronchera-Oms CL, Molla E, Arana E. Effect of
subcutaneous butylscopolamine administration in the reduction of peristaltic
artifacts in 1.5-T MR fast abdominal examinations. Eur Radiol. 2003; 13: 294-
298.

Whitten CR, DeSouza NM. Magnetic resonance imaging of uterine
malignancies. Top Magn Reson Imaging. 2006; 17: 365-377.

. Manfredi R, Gui B, Maresca G, Fanfani F, Bonomo L. Endometrial cancer:

magnetic resonance imaging. Abdom Imaging. 2005; 30: 626-636.

Yamashita Y, Harada M, Sawada T, Takahashi M, Miyazaki K, Okamura H.
Normal uterus and FIGO stage | endometrial carcinoma: dynamic gadolinium-
enhanced MR imaging. Radiology. 1993; 186: 495-501.

Seki H, Takano T, Sakai K. Value of dynamic MR imaging in assessing

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Radiol 3(1): id1045 (2016) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/16514137
http://www.ncbi.nlm.nih.gov/pubmed/16514137
http://www.ncbi.nlm.nih.gov/pubmed/10200776
http://www.ncbi.nlm.nih.gov/pubmed/10200776
http://www.ncbi.nlm.nih.gov/pubmed/15661684
http://www.ncbi.nlm.nih.gov/pubmed/15661684
http://www.ncbi.nlm.nih.gov/pubmed/12117193
http://www.ncbi.nlm.nih.gov/pubmed/12117193
http://www.ncbi.nlm.nih.gov/pubmed/16084259
http://www.ncbi.nlm.nih.gov/pubmed/16084259
http://www.ncbi.nlm.nih.gov/pubmed/17161155
http://www.ncbi.nlm.nih.gov/pubmed/17161155
http://www.ncbi.nlm.nih.gov/pubmed/17161155
http://www.ncbi.nlm.nih.gov/pubmed/17161155
http://www.ncbi.nlm.nih.gov/pubmed/8692240
http://www.ncbi.nlm.nih.gov/pubmed/10710204
http://www.ncbi.nlm.nih.gov/pubmed/10710204
http://www.ncbi.nlm.nih.gov/pubmed/10710204
http://www.ncbi.nlm.nih.gov/pubmed/10710204
http://www.ncbi.nlm.nih.gov/pubmed/11401910
http://www.ncbi.nlm.nih.gov/pubmed/11401910
http://www.ncbi.nlm.nih.gov/pubmed/11401910
http://www.ncbi.nlm.nih.gov/pubmed/12640672
http://www.ncbi.nlm.nih.gov/pubmed/12640672
http://www.ncbi.nlm.nih.gov/pubmed/12640672
http://www.ncbi.nlm.nih.gov/pubmed/12640672
http://www.ncbi.nlm.nih.gov/pubmed/15298949
http://www.ncbi.nlm.nih.gov/pubmed/15298949
http://www.ncbi.nlm.nih.gov/pubmed/15298949
http://www.ncbi.nlm.nih.gov/pubmed/15298949
http://www.ncbi.nlm.nih.gov/pubmed/5901552
http://www.ncbi.nlm.nih.gov/pubmed/5901552
http://www.ncbi.nlm.nih.gov/pubmed/5901552
http://www.ncbi.nlm.nih.gov/pubmed/15738026
http://www.ncbi.nlm.nih.gov/pubmed/15738026
http://www.ncbi.nlm.nih.gov/pubmed/15738026
http://www.ncbi.nlm.nih.gov/pubmed/11981113
http://www.ncbi.nlm.nih.gov/pubmed/11981113
http://www.ncbi.nlm.nih.gov/pubmed/11981113
http://www.worldcat.org/title/mri-of-the-abdomen-and-pelvis-a-text-atlas/oclc/35694543
http://www.worldcat.org/title/mri-of-the-abdomen-and-pelvis-a-text-atlas/oclc/35694543
http://www.amazon.com/CURRENT-Obstetric-Gynecologic-Diagnosis-Treatment/dp/0838514472
http://www.amazon.com/CURRENT-Obstetric-Gynecologic-Diagnosis-Treatment/dp/0838514472
http://www.amazon.com/CURRENT-Obstetric-Gynecologic-Diagnosis-Treatment/dp/0838514472
http://www.ncbi.nlm.nih.gov/pubmed/7804981
http://www.ncbi.nlm.nih.gov/pubmed/7804981
http://www.ncbi.nlm.nih.gov/pubmed/7804981
http://www.ncbi.nlm.nih.gov/pubmed/7804981
http://www.ncbi.nlm.nih.gov/pubmed/6822361
http://www.ncbi.nlm.nih.gov/pubmed/6822361
http://www.ncbi.nlm.nih.gov/pubmed/17762575
http://www.ncbi.nlm.nih.gov/pubmed/17762575
http://www.ncbi.nlm.nih.gov/pubmed/17762575
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://www.ncbi.nlm.nih.gov/pubmed/1561414
http://www.ncbi.nlm.nih.gov/pubmed/1561414
http://www.ncbi.nlm.nih.gov/pubmed/1561414
http://www.ncbi.nlm.nih.gov/pubmed/1950869
http://www.ncbi.nlm.nih.gov/pubmed/1950869
http://www.ncbi.nlm.nih.gov/pubmed/1950869
http://www.ncbi.nlm.nih.gov/pubmed/8661572
http://www.ncbi.nlm.nih.gov/pubmed/8661572
http://www.ncbi.nlm.nih.gov/pubmed/8661572
http://www.ncbi.nlm.nih.gov/pubmed/12598993
http://www.ncbi.nlm.nih.gov/pubmed/12598993
http://www.ncbi.nlm.nih.gov/pubmed/12598993
http://www.ncbi.nlm.nih.gov/pubmed/12598993
http://www.ncbi.nlm.nih.gov/pubmed/17417085
http://www.ncbi.nlm.nih.gov/pubmed/17417085
http://www.ncbi.nlm.nih.gov/pubmed/15886951
http://www.ncbi.nlm.nih.gov/pubmed/15886951
http://www.ncbi.nlm.nih.gov/pubmed/8421757
http://www.ncbi.nlm.nih.gov/pubmed/8421757
http://www.ncbi.nlm.nih.gov/pubmed/8421757
http://www.ncbi.nlm.nih.gov/pubmed/10882269

Mahsa Ghajarzadeh

Austin Publishing Group

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

iy

42.

endometrial carcinoma involvement of the cervix. AJR Am J Roentgenol.
2000; 175: 171-176.

. Haldorsen IS, Salvesen HB. Staging of endometrial carcinomas with MRI

using traditional and novel MRI techniques. Clin Radiol. 2012; 67: 2-12.

Hori M, Kim T, Murakami T, Imaoka I, Onishi H, Nakamoto A, et al. MR imaging
of endometrial carcinoma for preoperative staging at 3.0 T: comparison with
imaging at 1.5 T. J Magn Reson Imaging. 2009; 30: 621-630.

Cabrita S, Rodrigues H, Abreu R, Martins M, Teixeira L, Marques C, et al.
Magnetic resonance imaging in the preoperative staging of endometrial
carcinoma. Eur J Gynaecol Oncol. 2008; 29: 135-137.

Rockall AG, Meroni R, Sohaib SA, Reynolds K, Alexander-Sefre F, Shepherd
JH, et al. Evaluation of endometrial carcinoma on magnetic resonance
imaging. Int J Gynecol Cancer. 2007; 17: 188-196.

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

Han SS, Lee SH, Kim DH, Kim JW, Park NH, Kang SB, et al. Evaluation of
preoperative criteria used to predict lymph node metastasis in endometrial
cancer. Acta Obstet Gynecol Scand. 2010; 89: 168-174.

Bipat S, Glas AS, van der Velden J, Zwinderman AH, Bossuyt PM, Stoker J.
Computed tomography and magnetic resonance imaging in staging of uterine
cervical carcinoma: a systematic review. Gynecol Oncol. 2003; 91: 59-66.

Sheu M, Chang C, Wang J, Yen M. MR staging of clinical stage | and lla
cervical carcinoma: a reappraisal of efficacy and pitfalls. Eur J Radiol. 2001;
38: 225-231.

Akaeda T, Isaka K, Takayama M, Kakizaki D, Abe K Akaeda T, Isaka K,
et al. Myometrial invasion and cervical invasion by endometrial carcinoma:
evaluation by CO2-volumetric interpolated breathhold examination (VIBE). J
Magn Reson Imaging. 2005; 21: 166-171.

Sala E, Crawford R, Senior E, Shaw A, Simcock B, Vrotsou K, et al. Added
value of dynamic contrast-enhanced magnetic resonance imaging in
predicting advanced stage disease in patients with endometrial carcinoma.
Int J Gynecol Cancer. 2009; 19: 141-146.

. Hardesty LA, Sumkin JH, Nath ME, Edwards RP, Price FV, Chang TS,

et al. Use of preoperative MR imaging in the management of endometrial
carcinoma: cost analysis. Radiology. 2000; 215: 45-49.

Sironi S, Colombo E, Villa G, Taccagni G, Belloni C, Garancini P, et al.

43.

44,

45.

it

o

47.

48.

49.

50.

51.

52.

53.

Myometrial invasion by endometrial carcinoma: assessment with plain and
gadolinium-enhanced MR imaging. Radiology. 1992; 185: 207-212.

Ito K, Matsumoto T, Nakada T, Nakanishi T, Fujita N, Yamashita H. Assessing
myometrial invasion by endometrial carcinoma with dynamic MRI. J Comput
Assist Tomogr. 1994; 18: 77-86.

Seki H, Kimura M, Sakai K. Myometrial invasion of endometrial carcinoma:
assessment with dynamic MR and contrast-enhanced T1-weighted images.
Clin Radiol. 1997; 52: 18-23.

Nakao Y, Yokoyama M, Hara K, Koyamatsu Y, Yasunaga M, Araki Y, et al.
MR imaging in endometrial carcinoma as a diagnostic tool for the absence of
myometrial invasion. Gynecol Oncol. 2006; 102: 343-347.

. Kinkel K, Kaji Y, Yu KK, Segal MR, Lu Y, Powell CB, et al. Radiologic staging

in patients with endometrial cancer: a meta-analysis. Radiology. 1999; 212:
711-718.

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

Funt SA, Hricak H. Ovarian malignancies. Top Magn Reson Imaging. 2003;
14: 329-337.

Koh DM, Collins DJ. Diffusion-weighted MRI in the body: applications and
challenges in oncology. AJR Am J Roentgenol. 2007; 188: 1622-1635.

Tamai K, Koyama T, Saga T, Umeoka S, Mikami Y, Fuijii S, et al. Diffusion-
weighted MR imaging of uterine endometrial cancer. J Magn Reson Imaging.
2007, 26: 682-687.

Lin G, Ng KK, Chang CJ, Wang JJ, Ho KC, Yen TC, et al. Myometrial invasion
in endometrial cancer: diagnostic accuracy of diffusion-weighted 3.0-T MR
imaging--initial experience. Radiology. 2009; 250: 784-792.

Shen SH, Chiou YY, Wang JH, Yen MS, Lee RC, Lai CR, et al. Diffusion-
weighted single-shot echo-planar imaging with parallel technique in
assessment of endometrial cancer. AJR Am J Roentgenol. 2008; 190: 481-
488.

Kaur H, Silverman PM, lyer RB, Verschraegen CF, Eifel PJ, Charnsangavej
C. Diagnosis, staging, and surveillance of cervical carcinoma. AJR Am J
Roentgenol. 2003; 180: 1621-1631.

Austin J Radiol - Volume 3 Issue 1 - 2016
ISSN : 2473-0637 | www.austinpublishinggroup.com
Ghajarzadeh et al. © All rights are reserved

Citation: Aryan A, Askari F, Mohammadifar M and Ghajarzadeh M. Role of MRI (Magnetic Resonance Imaging)
in Preoperative Staging of Endometrial Cancer: A Review. Austin J Radiol. 2016; 3(1): 1045.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Radiol 3(1): id1045 (2016) - Page - 05


http://www.ncbi.nlm.nih.gov/pubmed/10882269
http://www.ncbi.nlm.nih.gov/pubmed/10882269
http://www.ncbi.nlm.nih.gov/pubmed/22119292
http://www.ncbi.nlm.nih.gov/pubmed/22119292
http://www.ncbi.nlm.nih.gov/pubmed/19711413
http://www.ncbi.nlm.nih.gov/pubmed/19711413
http://www.ncbi.nlm.nih.gov/pubmed/19711413
http://www.ncbi.nlm.nih.gov/pubmed/18459546
http://www.ncbi.nlm.nih.gov/pubmed/18459546
http://www.ncbi.nlm.nih.gov/pubmed/18459546
http://www.ncbi.nlm.nih.gov/pubmed/17291252
http://www.ncbi.nlm.nih.gov/pubmed/17291252
http://www.ncbi.nlm.nih.gov/pubmed/17291252
http://www.ncbi.nlm.nih.gov/pubmed/17095081
http://www.ncbi.nlm.nih.gov/pubmed/17095081
http://www.ncbi.nlm.nih.gov/pubmed/17095081
http://www.ncbi.nlm.nih.gov/pubmed/19916890
http://www.ncbi.nlm.nih.gov/pubmed/19916890
http://www.ncbi.nlm.nih.gov/pubmed/19916890
http://www.ncbi.nlm.nih.gov/pubmed/14529663
http://www.ncbi.nlm.nih.gov/pubmed/14529663
http://www.ncbi.nlm.nih.gov/pubmed/14529663
http://www.ncbi.nlm.nih.gov/pubmed/11399378
http://www.ncbi.nlm.nih.gov/pubmed/11399378
http://www.ncbi.nlm.nih.gov/pubmed/11399378
http://www.ncbi.nlm.nih.gov/pubmed/15666399
http://www.ncbi.nlm.nih.gov/pubmed/15666399
http://www.ncbi.nlm.nih.gov/pubmed/15666399
http://www.ncbi.nlm.nih.gov/pubmed/15666399
http://www.ncbi.nlm.nih.gov/pubmed/19258956
http://www.ncbi.nlm.nih.gov/pubmed/19258956
http://www.ncbi.nlm.nih.gov/pubmed/19258956
http://www.ncbi.nlm.nih.gov/pubmed/19258956
http://www.ncbi.nlm.nih.gov/pubmed/10751466
http://www.ncbi.nlm.nih.gov/pubmed/10751466
http://www.ncbi.nlm.nih.gov/pubmed/10751466
http://www.ncbi.nlm.nih.gov/pubmed/1523309
http://www.ncbi.nlm.nih.gov/pubmed/1523309
http://www.ncbi.nlm.nih.gov/pubmed/1523309
http://www.ncbi.nlm.nih.gov/pubmed/8282890
http://www.ncbi.nlm.nih.gov/pubmed/8282890
http://www.ncbi.nlm.nih.gov/pubmed/8282890
http://www.ncbi.nlm.nih.gov/pubmed/9022575
http://www.ncbi.nlm.nih.gov/pubmed/9022575
http://www.ncbi.nlm.nih.gov/pubmed/9022575
http://www.ncbi.nlm.nih.gov/pubmed/16469365
http://www.ncbi.nlm.nih.gov/pubmed/16469365
http://www.ncbi.nlm.nih.gov/pubmed/16469365
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://www.ncbi.nlm.nih.gov/pubmed/10924568
http://www.ncbi.nlm.nih.gov/pubmed/10924568
http://www.ncbi.nlm.nih.gov/pubmed/10924568
http://www.ncbi.nlm.nih.gov/pubmed/10924568
http://www.ncbi.nlm.nih.gov/pubmed/14578777
http://www.ncbi.nlm.nih.gov/pubmed/14578777
http://www.ncbi.nlm.nih.gov/pubmed/17515386
http://www.ncbi.nlm.nih.gov/pubmed/17515386
http://www.ncbi.nlm.nih.gov/pubmed/17729360
http://www.ncbi.nlm.nih.gov/pubmed/17729360
http://www.ncbi.nlm.nih.gov/pubmed/17729360
http://www.ncbi.nlm.nih.gov/pubmed/19244045
http://www.ncbi.nlm.nih.gov/pubmed/19244045
http://www.ncbi.nlm.nih.gov/pubmed/19244045
http://www.ncbi.nlm.nih.gov/pubmed/18212236
http://www.ncbi.nlm.nih.gov/pubmed/18212236
http://www.ncbi.nlm.nih.gov/pubmed/18212236
http://www.ncbi.nlm.nih.gov/pubmed/18212236
http://www.ncbi.nlm.nih.gov/pubmed/12760933
http://www.ncbi.nlm.nih.gov/pubmed/12760933
http://www.ncbi.nlm.nih.gov/pubmed/12760933

	Title
	Abstract
	Epidemiology
	Risk Factors
	Pathologies
	FIGO Staging
	Preoperative Examination
	Magnetic Resonance Imaging (MRI)
	Techniques
	Patient preparation
	Sequences
	Normal anatomy of uterus

	Stage I
	Stage II
	Stage III
	Stage IV
	Dynamic Contrast-Enhanced MRI
	Diffusion Weighted MRI
	Pitfalls of MRI in Evaluating Endometrial Cancer
	Conclusion
	References
	FIGO Staging
	Table 1

