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Abstract 
Aim: 

1. To stage endometrial carcinoma on MR imaging. 

2. To assess the role of advanced MR imaging sequences (Dynamic Contrast Enhanced And Diffusion-Weighted 

Imaging) for evaluation of myometrial invasion in patients with endometrial carcinoma. 
Materials and Methods: This study was conducted on biopsy proven endometrial carcinoma patients referred for pelvic 

MRI to the Department of Radio-diagnosis and Modern imaging, Sardar Patel Medical College and Associated Group of 

Hospitals Bikaner over a period of one year. (from Nov. 2020 till Nov 2021). 

Method of collection of data: Thirty-six female patients with diagnosed endometrial carcinoma on histopathology were 

included in the study. 

MRI was performed after fulfilling the following inclusion and exclusion criteria. 

Inclusion Criteria 

 All patients with biopsy proven endometrial carcinoma. 

Exclusion Criteria: Any contraindications to MRI (cardiac pacemakers, prosthetic heart valves, cochlear implants, or 

claustrophobia). 

 Any contraindications to contrast administration (estimated glomerular filtration rate < 30 ml/min/1.73m2 in patients 
undergoing DCE MR Imaging). 

 Patients who do not consent to be a part of the study. 
Preparation of Patient: Written informed consent was obtained from each patient and relevant detailed history was 

elicited. Articles such as jewellery, keys, credit cards, watches, coins and other metallic objects were placed in the provided 

locker facility. The procedure was explained to the patient in her vernacular language to allay the fear and anxiety. Patient 

was placed in supine position and had a partially filled bladder. During the entire period of procedure, the patient was in 

contact with the technician/doctor by a two-way intercom system. 
Magnetic Resonance Imaging Protocol: All patients underwent a multiplanar, multi sequential MRI scan of the pelvis on 

a 3 Tesla MRI scanner by PHILIPS. 

All patients underwent axial T1-weighted, large FOV, axial T2-weighted and sagittal T2-weighted turbo spin echo (TSE) 

sequences. Thin slice (3mm) axial and coronal oblique T2 weighted TSE sequences (obtained in a plane perpendicular and 

parallel to the endometrial cavity) were then performed. Axial diffusion weighted images (DWI) were obtained with three b-

values (50, 400, 800) and high b values (1400-1600) reconstructed using extrapolation. Dynamic contrast-enhanced study 

was performed after intravenous injection of gadolinium, 0.1 mmol/kg administered as a rapid bolus intravenous injection 

followed by a manual 20 mL saline flush. DCE images were acquired in the sagittal plane using three-dimensional gradient 
echo sequence, followed by axial oblique images using post-contrast turbo spin-echo sequence and a delayed sagittal T1 

gradient echo sequence to assess the cervical invasion. 

Results: The purpose of this study was to stage the endometrial carcinoma on MR imaging with special focus on the depth 

of myometrial invasion and to further assess the role of advanced MR sequences (DWI and DCE) in comparison to 

conventional T2 weighted MR images. 36 cases of biopsy proven endometrial carcinoma were enrolled in our study with the 

age range of 35-88 years and mean age of 61 years. In our study, majority of the patients (n=33, 91.7%) were post-

menopausal and the most common presenting symptom was postmenopausal bleeding (88.9%). Similar to this, in a study by 

Zandrino et al. 87% patients were post-menopausal and the most common presenting symptom was post-menopausal 
bleeding. In the present study, most common histopathological subtype was endometrioid carcinoma (n=29, 80.6%), out of 

which 51.7% were G1, 41.4% were G2 and 6.9% were G3. Other histological subtypes included 4 cases of carcinosarcoma, 

2 cases of adenocarcinoma, NOS and 1 case of papillary adenocarcinoma. This was in concordance to study done by Hori et 

al. in which most of the cases (81.6%) had endometrioid histology, out of which 58.6% were G1, 27.6% were G2 and 13.8% 

were G3. In a study done by Zamani et al., 90.8% cases were of endometrioid variety with well-differentiated G1 tumors in 

53.7% cases. The slight difference may be due to different sample sizes. The sensitivity, specificity, accuracy of T2WI, 

combined DWI + T2WI and combined DCE-MRI + T2WI in differentiating deep myometrial invasion from superficial 
myometrial invasion were 70.0%, 75.0%, 73.3%; 90.0%, 95.0%, 93.3%; and 90.0%, 90.0%, 90.0% respectively.  
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Introduction 
Endometrial carcinoma is the fourth most common malignancy in females and the most 

common malignancy of the female reproductive tract worldwide [1, 2]. 

Most patients present with abnormal uterine bleeding (intermenstrual or postmenopausal). 

EC is more common during the 6th and 7th decades of life, with the mean age of 65 years [3]. 
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Histopathology of endometrial carcinoma 
Endometrial carcinoma is divided into several histologic 

types; endometrioid adenocarcinoma is the most common 

accounting for 90% of the tumors. The other histologic 

types include adenocarcinoma with squamous cell 

differentiation, clear cell, papillary, serous, undifferentiated 

carcinoma and carcinosarcoma [4, 5]. 

Endometrioid adenocarcinomas are assigned a FIGO grade 

based on degree of glandular differentiation. 

GX: Grade cannot be assessed. 

G1: Well differentiated. 

G2: Moderately differentiated. 

G3: Poorly or undifferentiated. 

 

Endometrial cancers have traditionally been classified in 

one of the following two categories: 

Type I are the most common endometrial carcinomas. They 

include well or moderately differentiated (grade 1 and 2) 

endometrioid adenocarcinoma with minimal invasion of the 

myometrium and are associated with estrogen excess and 

obesity. These tumors often arise in the background of 

endometrial hyperplasia, occur in the early postmenopausal 

period, generally are low grade and have a good prognosis 
[6]. 

Type II endometrial carcinomas include poorly 

differentiated (grade 3) endometrioid, clear cell, serous 

papillary subtypes and carcinosarcomas/ mixed Mullerian 

tumors, which may cause deep myometrial invasion. They 

have no association with estrogen excess or atypical 

hyperplasia, generally occur in older women and have a 

poorer prognosis [7, 8].  

Histopathologic criteria for determining high-risk disease 

include high tumor grade (poorly differentiated), deep 

myometrial invasion (more than 50% myometrial 

thickness), lymphovascular space invasion (LVSI), non-

endometrioid histology and cervical stromal involvement [9].  

 

Risk Factors 
Endometrial carcinoma is associated with lifestyle disorders 

presently epidemic world over, with obesity, hypertension, 

diabetes mellitus all associated with increased risk of 

malignancy. Other risk factors include prolonged estrogen 

exposure in form of early menarche or delayed menopause, 

nulliparity, old age, Stein Leventhal Syndrome, hormone 

replacement therapy, tamoxifen and familial cancer 

syndromes such as HNPCC [10]. 

 

Prognostic factors in carcinoma endometrium 
Prognosis depends on a number of factors, including stage, 
depth of myometrial invasion, lymphovascular invasion, 
histologic grade and lymph nodal status [11, 12]. Depth of 
myometrial invasion is the single most important 
morphologic prognostic factor and correlates with tumor 
grade, presence of lymph node metastases and overall 
patient survival [13]. With increasing myometrial penetration 
there is a progressive increase in the incidence of lymph 
node metastases from approximately 3% with superficial 
tumors to more than 40% with deep invasive tumors [14]. 
Consequently, preoperative information about the depth of 

myometrial invasion is essential in tailoring the surgical 
approach for these patients. 
 

Materials and Methods 
This study was conducted on biopsy proven endometrial 
carcinoma patients referred for pelvic MRI to the 
Department of Radio-diagnosis and Modern imaging, Sardar 
Patel Medical College and Associated Group of Hospitals 
Bikaner over a period of one year. (From Nov. 2020 till Nov 
2021) 
 

Method of collection of data 
Thirty-six female patients with diagnosed endometrial 
carcinoma on histopathology were included in the study. 
MRI was performed after fulfilling the following inclusion 
and exclusion criteria. 

 

Inclusion criteria 
 All patients with biopsy proven endometrial carcinoma. 

 

Exclusion criteria 
 Any contraindications to MRI (cardiac pacemakers, 

prosthetic heart valves, cochlear implants, or 
claustrophobia). 

 Any contraindications to contrast administration 
(estimated glomerular filtration rate < 30 
ml/min/1.73m2 in patients undergoing DCE MR 
Imaging). 

 Patients who do not consent to be a part of the study. 

 

Preparation of patient 
Written informed consent was obtained from each patient 
and relevant detailed history was elicited. Articles such as 
jewellery, keys, credit cards, watches, coins and other 
metallic objects were placed in the provided locker facility. 
The procedure was explained to the patient in her vernacular 
language to allay the fear and anxiety. Patient was placed in 
supine position and had a partially filled bladder. During the 
entire period of procedure, the patient was in contact with 
the technician/doctor by a two-way intercom system. 

 

Magnetic resonance imaging protocol: 
All patients underwent a multiplanar, multi sequential MRI 
scan of the pelvis on a 3 Tesla MRI scanner by PHILIPS. 
All patients underwent axial T1-weighted, large FOV, axial 
T2-weighted and sagittal T2-weighted turbo spin echo 
(TSE) sequences. Thin slice (3mm) axial and coronal 
oblique T2 weighted TSE sequences (obtained in a plane 
perpendicular and parallel to the endometrial cavity) were 
then performed. Axial diffusion weighted images (DWI) 
were obtained with three b-values (50, 400, 800) and high b 
values (1400-1600) reconstructed using extrapolation. 
Dynamic contrast-enhanced study was performed after 
intravenous injection of gadolinium, 0.1 mmol/kg 
administered as a rapid bolus intravenous injection followed 
by a manual 20 mL saline flush. DCE images were acquired 
in the sagittal plane using three-dimensional gradient echo 
sequence, followed by axial oblique images using post-
contrast turbo spin-echo sequence and a delayed sagittal T1 
gradient echo sequence to assess the cervical invasion. 
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Stage la (<50% myometrial invasion) endometrial cancer (grade 1) in a 64-year-old female 

 

 
 

Fig 1: (a) Axial oblique T2-WI shows intermediate signal intensity tumor ( ) distending the endometrial cavity. (b) Sagittal DCE-MRI at 2 

minutes shows hypoenhancing tumor relative to the hyperenhancing myometrium with interruption of the subendometrial zone (arrow). (c) 

Axial oblique high b-value (b=1400/mm2) DWI and (d) ADC images demonstrate restricted diffusion in endometrial tumor with invasion of 

superficial myometrium (arrow) and mean ADC value of 0.78 x 10-3 mm2/sec. 

 

Stage Ib (>50% myometrial invasion) endometrial cancer (grade 3) in a 61-year-old female 

 

 
 

Fig 1: (a) Axial oblique T2-WI demonstrates intermediate signal intensity tumor with invasion of myometrium. (b) Sagittal DCE-MRI shows 

hypoenhancing tumor with invasion of deep myometrium. (c) Axial oblique DWI and (d) ADC images show endometrial tumor with 

invasion of deep myometrium with mean ADC value of 0.71 x 10-3 mm2/sec. 
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Stage II (cervical invasion) endometrial cancer in a 45-year-old female 

 

 
 

 
 

Fig 3: (a) Sagittal and (b) Axial oblique T2-WI show intermediate signal intensity tumor distending the endometrial cavity ( ) with cervical 

stromal invasion (arrows). (c) Axial oblique DWI and (d) ADC images demonstrate restricted diffusion in tumor. (e) Sagittal DCE image at 3 

minutes shows disruption of the normal enhancement of cervical stroma by hypoenhancing tumor. 
 

Results and Conclusion 

1. The present study was conducted at the Department of 

Radio-diagnosis, Sardar Patel Medical College and 

Hospital, Bikaner. 

2. Thirty-six patients with biopsy-proven endometrial 

carcinoma were included in the study. 

3. Magnetic resonance imaging was performed in all 

patients on 3 Tesla MRI scanner by PHILIPS using T1-

and T2-weighted imaging, diffusion weighted imaging 

and dynamic contrast enhanced imaging. 

4. The age range of patients was 35 - 88 years with 

maximum number of patients in post-menopausal age 

group. 

5. The most common presenting symptom was post-

menopausal bleeding seen in 88.9% patients. 

6. Most common histopathological subtype was 

endometrioid adenocarcinoma (80.6%), of which 15/29 

cases were G1, 12/29 were G2 and 2/29 were G3. 

7. Surgery (total abdominal hysterectomy and bilateral 

salpingo-oophorectomy with pelvic lymph nodal 

dissection / sampling) was done in 30 patients and post-

operative histopathology was used as gold standard. 

8. According to the final histopathological examination, 

20/30 (66.7%) patients had superficial myometrial 

invasion and 10/30 (33.3%) patients had deep 

myometrial invasion. 

9. For assessing the depth of myometrial invasion, 

sensitivity, specificity and accuracy respectively, were 

as follows: T2WI - 70%, 75% and 73%; combined DWI 

+ T2WI - 90%, 95% and 93%; combined DCE-MRI + 

T2WI - 90%, 90% and 90%. 

10. For the assessment of depth of myometrial invasion, 

combined DWI + T2WI and DCE-MRI + T2WI both 

demonstrated diagnostic accuracy, sensitivity and 

specificity superior to that of T2WI alone, the 

differences being statistically significant (p< 0.05). 
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DWI + T2WI showed higher diagnostic accuracy and 

specificity than DCE-MRI + T2WI, however, the 

differences were not statistically significant (p=0.05). 

 

References 

1. Cramer DW. The epidemiology of endometrial and 

ovarian cancer. Hematol Oncol Clin North Am. 

2012;26(1):1-12. 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. 

CA Cancer J Clin. 2015;65(1):5-29. 

3. Arora V, Quinn MA. Endometrial cancer. Best Pract 

Res Clin Obstet Gynaecol. 2012; 26:311-24. 

4. Rha SE, Byun JY, Jung SE. CT and MRI of uterine 

sarcomas and their mimickers. AJR Am J Roentgenol. 

2003;181(5):1369-74. 

5. Sala E, Wakely S, Senior E, Lomas D. MRI of 

malignant neoplasms of the uterine corpus and cervix. 

AJR Am J Roentgenol. 2007;188(6):1577-87. 

6. Wright JD, Barrena Medel NI, Sehouli J, Fujiwara K, 

Herzog TJ. Contemporary management of endometrial 

cancer. Lancet. 2012;379 (9823):1352-60. 

7. Tirumani SH, Shanbhogue AK, Prasad SR. Current 

concepts in the diagnosis and management of 

endometrial and cervical carcinomas. Radiol Clin North 

Am. 2013;51:1087-110. 

8. Huang YT, Huang YL, Ng KK, Lin G. Current Status 

of Magnetic Resonance Imaging in Patients with 

Malignant Uterine Neoplasms: A Review. Korean J 

Radiol. 2019;20(1):18-33. 

9. Amant F, Mirza MR, Koskas M, Creutzberg CL. 

Cancer of the corpus uteri. Int J Gynaecol Obstet. 

2015;131(Suppl 2):S96-104. 

10. Brandao AC, Silva AO. Diseases of the female pelvis: 

advances in imaging evaluation, Magn Reson Imaging 

Clin N Am. 2013:21(2):447-69. 

11. Larson DM, Connor GP, Broste SK, Krawisz BR, 

Johnson KK. Prognostic significance of gross 

myometrial invasion with endometrial cancer. Obstet 

Gynecol. 1996;88(3):394-8. 

12. Ludwig H. Prognostic factors in endometrial cancer. Int 

J Gynecol Obstet. 1995;49:S1-7. 

13. Beddy P, O'Neill AC, Yamamoto AK, Addley HC, 

Reinhold C, Sala E. FIGO staging system for 

endometrial cancer: Added benefits of MR Imaging. 

RadioGraphics. 2012;32(1):241-54. 

14. Berman ML, Ballon SC, Lagasse LD, Watring WG. 

Prognosis and treatment of endometrial cancer. Am J 

Obstet Gynecol. 1980;136(5):679-88. 

15. Haldorsen IS, Salvesen HB. Staging of endometrial 

carcinomas with MRI using traditional and novel MRI 

techniques. Clin Radiol. 2012;67(1):2-12. 

16. Creasman W. Revised FIGO staging for carcinoma of 

the endometrium. Int J Gynaecol Obstet. 2009;105:109. 

17. Lewin SN. Revised FIGO staging system for 

endometrial cancer. Clin Obstet Gynecol. 

2011;54(2):215-8. 

18. Faria SC, Sagebiel T, Balachandran A, Devine C, Lal 

C, Bhosale PR. Imaging in endometrial carcinoma. 

Indian J Radiol Imaging. 2015;25(2):137-147. 

19. Zheng L, Zheng S, Yuan X, Wang X, Zhang Z, Ghang 

G. Comparison of dynamic contrast-enhanced magnetic 

resonance imaging with T2-weighted imaging for 

preoperative staging of early endometrial carcinoma. 

Onco Targets Ther. 2015;8:1743-51. 

20. Ascher SM, Reinhold C. Imaging of cancer of the 

endometrium. Radiol Clin North Am. 2002;40:563-76. 

21. Pecorelli S. Revised FIGO staging for carcinoma of the 

vulva, cervix and endometrium. Int J Gynaecol Obstet. 

2009;105(2):103-104. 

22. Todo Y, Kato H, Kaneuchi M, Watari H, Takeda M, 

Sakuragi N. Survival effect of para-aortic 

lymphadenectomy in endometrial cancer (SEPAL 

study): a retrospective cohort analysis. Lancet. 

2010;375(9721):1165-72. 

23. Benedetti Panici P, Basile S, Maneschi F, Alberto 

Lissoni A, Signorelli M, Scambia G, et al. Systematic 

pelvic lymphadenectomy vs. no lymphadenectomy in 

early-stage endometrial carcinoma: randomized clinical 

trial. J Natl Cancer Inst. 2008 Dec 3;100(23):1707-16. 

24. Koyama T, Tamai K, Togashi K. Staging of carcinoma 

of the uterine cervix and endometrium. Eur Radiol. 

2007;17(8):2009-19. 

25. Leitao Jr MM, Chi DS. Fertility-sparing options for 

patients with gynecologic malignancies. Oncologist. 

2005;10:613-22. 

26. Kalogera E, Dowdy SC, Bakkum-Gamez JN. 

Preserving fertility in young patients with endometrial 

cancer: current perspectives. Int J Womens Health. 

2014;6:691-701. 

27. Smith-Bindman R, Kerlikowske K, Feldstein VA, 

Subak L, Scheidler J, Segal M, Brand R, et al. 

Endovaginal ultrasound to exclude endometrial cancer 

and other endometrial abnormalities. JAMA. 1998 Nov 

4;280(17):1510-7. 

28. Gordon AN, Fleischer AC, Dudley BS, Drolshagan LF, 

Kalemeris GC, Partain CL, et al. Preoperative 

assessment of myometrial invasion of endometrial 

adenocarcinoma by sonography (US) and magnetic 

resonance imaging (MRI). Gynecol Oncol. 

1989;34:175-9. 

29. Barwick TD, Rockall AG, Barton DP, Sohaib SA. 

Imaging of endometrial adenocarcinoma. Clin Radiol. 

2006;61:545-55. 

30. Hardesty LA, Sumkin JH, Hakim C, Johns C, Nath M. 

The ability of helical CT to preoperatively stage 

endometrial carcinoma. AJR Am J Roentgenol. 

2001;176:603-6. 

 

 

https://www.allresearchjournal.com/

