
Abstract. Background/Aim: To evaluate the role of MRI in
patients with atypical endometrial hyperplasia (AEH) and
incorporate MRI findings in predictive models estimating the
risk of co-existent endometrial cancer (EC). Patients and
Methods: Data from 189 women diagnosed with AEH and
had MRI scan prior to operation, over nine years, were
retrospectively collected. Results: Histology showed EC in
51 (27%) cases. Presence of myometrial invasion on MRI
was more commonly detected in patients with EC compared
to those with benign pathology (37.3% versus 10.9%,
p<0.001). The sensitivity and specificity of MRI in
identifying cancer were 37% and 89%, respectively. Age,
menopausal status and presence of invasion on MRI were the
best predictors for the presence of malignancy. Conclusion:
Myometrial invasion on MRI is associated with increased
risk of EC in women with AEH. Its accuracy in detecting
malignancy improves when combined with clinical
parameters. This could be of value for conservative-
management candidates. 

Endometrial hyperplasia refers to abnormal proliferation of
endometrial glands accompanied by an increase in the glands
to stroma ratio. It represents a pre-cancerous condition of the
endometrium, with the risk of malignancy increasing in
patients with findings of cellular atypia on histological
examination (1). When untreated, atypical endometrial
hyperplasia can progress to carcinoma in up to 30% of the
patients (2). Amongst women with atypical endometrial

hyperplasia that undergo hysterectomy, co-existing
endometrial cancer is found in up to 52% of the cases (3, 4). 

When co-existent endometrial cancer is diagnosed on final
hysterectomy specimen, deep myometrial invasion can be
detected in up to 10.6% of the cases (4). Similarly, between
7 to 24% of patients diagnosed with grade 1 endometrial
cancer will have deep myometrial invasion on the final
hysterectomy specimen (5). In the GOG 99 study, the
presence of deep myometrial invasion was amongst the
pathologic criteria used to define the high-intermediate risk
group of patients after surgical staging for endometrial
cancer (6). This group of patients have been shown to have
an increased risk of lymph node metastases (7). Although the
role of lymphadenectomy in patients diagnosed with
endometrial cancer remains a topic of debate, knowledge of
lymph node status has prognostic value and may influence
decisions of postoperative therapy (8). Hence, approximately
10% of patients diagnosed with endometrial carcinoma after
an initial diagnosis of endometrial hyperplasia will not
undergo appropriate surgical staging procedures.   

Although staging for patients diagnosed with endometrial
cancer is surgical, MRI is frequently used to determine the
depth of myometrial invasion, cervical stromal involvement
or pelvic lymph node metastases. There is paucity of data
regarding the use of MRI in patients with atypical endometrial
hyperplasia. Three small studies on the use of MRI scan for
patients diagnosed with atypical endometrial hyperplasia have
shown conflicting results. These studies included a small
number of patients and the incidence of endometrial cancer
diagnosis was significantly different (9-11).

The aim of this study was to evaluate the role of MRI in
the preoperative management of patients diagnosed with
atypical endometrial hyperplasia. We also attempted to
incorporate the MRI scan findings in predictive models with
regards to estimating the risk of endometrial cancer in
women who were diagnosed with atypical hyperplasia pre-
operatively.  
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Patients and Methods
This is a retrospective cross-sectional study of consecutive women
diagnosed with atypical endometrial hyperplasia at the Norfolk and
Norwich University Hospital, between January 2010 and December
2019. 

The diagnosis of atypical endometrial hyperplasia was made on
histological specimens obtained using an office-based endometrial
pipelle sampling device or at the time of hysteroscopy. All patients
diagnosed with atypical endometrial hyperplasia underwent MRI scan
of the pelvis, within three weeks after biopsy, to assess the presence of
myometrial involvement. The MRI endometrium protocol we use in
our centre is non-contrast (no gadolinium used). Myometrial invasion
was identified as a disruption or discontinuity of the junctional zone
and by the extension of tumor signal intensity into the myometrium.
When myometrial invasion was observed, the depth of involvement
was assessed (superficial or deep). For the purpose of the study, we
considered absence of the disease when no invasion was observed and
presence of cancer when MRI showed myometrial invasion.

Surgical treatment, involving a total hysterectomy and bilateral
salpingo-oophorectomy was recommended for patients who had
completed childbearing. Women found to have deep myometrial
invasion on MRI scan were counseled about undergoing pelvic
lymphadenectomy. Medical management with oral or intrauterine
progestogens was considered for patients that were poor surgical
candidates or those who have not completed their family. Patients
that underwent medical management were excluded from the study.
We also excluded women with incidental finding of atypical
endometrial hyperplasia following hysterectomy and patients that
did not undergo MRI scan prior to surgery either due to
contraindications or being claustrophobic.

Eligible patients were identified from the gynaecological oncology
multidisciplinary database. We collected demographic data including age
of the patients, body mass index (BMI) in kg/m2, menopausal status and
the American Society of Anaesthesiologists (ASA) preoperative score.
Medical records were reviewed to confirm the endometrial sampling
technique used in pre-operative setting, post-operative pathologic
findings and, in cases of endometrial cancer, histologic type and grade
of tumor, extent of myometrial invasion and International Federation of
Gynecology and Obstetrics stage (FIGO classification 2009). Patients
with a final diagnosis of malignancy were classified as low
(endometrioid histology, Grade 1 and 2 and/or myometrial invasion
<50%) and high risk (non-endometrioid histology, grade 3 or ≥50%
myometrial invasion), to clarify the need for additional treatment. 

All data was anonymized and collection and analysis were
performed according to our institutional clinical governance
protocol and were adherent to Declaration of Helsinki. The data
were analysed using Wizard Pro software, version 1.9.22. Normality
was tested by the Kolmogorov-Smirnov test. Data were presented
as mean±SD. The differences between the nominal values were
evaluated with z-score and between numerical variables with t-score
test. Multivariate analysis was performed with log-rank test. The
cut-off for statistical significance was set at p<0.05. Sensitivity,
specificity, accuracy, positive and negative predictive value and 95%
confidence intervals were calculated. 

Results 
Over a 9-year period, 189 women underwent surgery for a
preoperative diagnosis of atypical endometrial hyperplasia. The

mean age of patients was 59.2 years (range 36-89) and the mean
body mass index was 34 kg/m2 (range=18-59). A total of 155
(82%) patients were postmenopausal and 34 (18%) were
premenopausal. The patients’ clinical characteristics categorized
by final histological diagnosis are shown in Table I.

The pre-operative diagnosis of atypical endometrial
hyperplasia was made by office endometrial pipelle biopsy
in 121 patients (64%) and by hysteroscopy and biopsies in
68 patients (36%). Total hysterectomy and bilateral salpingo-
oophorectomy were performed via laparotomy in 16 patients
(8.5%) while 173 patients (91.5%) had laparoscopic surgery.
Based on the MRI scan, 31 women (16.4%, 31/189) from the
cohort were presumed to have FIGO stage 1A endometrial
cancer (early invasion) and 3 (1.6%, 3/189) 1B disease (deep
invasion). Following pre-operative discussion lymphade-
nectomy was performed in all of these patients. 

Post-operative histology showed endometrial carcinoma in
51 (27%) of the cases. 47 patients had FIGO stage 1A disease
and 4 patients had 1B tumours. Most of the patients diagnosed
with cancer (49/51, 96.1%) had grade 1 and 2 tumours. One
patient was found to have grade 3 adenocarcinoma and a
second patient was diagnosed with carcinosarcoma. Of the
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Table I. Clinical characteristics.

Characteristics                                N or value (95%CI)             p-Value

                                                  No cancer             Cancer                
                                                    (n=138)                (n=51)

Age, mean (years)                   58.5 (±1.7)          61.0 (±3.3)        0.145†
BMI (kg/m2)                            33.2 (±1.6)          35.5 (±2.4)        0.149†
Postmenopausal                                                                                  
  Yes                                        115 (83.3%)        40 (78.4%)       0.436‡
  No                                          23 (16.7%)         11 (21.6%)             
Diabetes                                                                                               
  Yes                                           8 (5.8%)              5 (9.8%)          0.334‡
  No                                         130 (94.2%)         46 (90.2%)             
ASA score                                                                                            
  1                                             25 (21.6%)            8 (20%)          0.512‡
  2                                             65 (56.0%)          25 (62.5%)             
  3                                             26 (22.4%)           7 (17.5%)              
Preoperative diagnosis                                                                        
  Pipelle biopsy                       85 (61.4%)          36 (70.6%)        0.253‡

Hysteroscopy                    53 (38.4%)          15 (29.4%)             
MRI scan findings                                                                               
  No invasion                          123 (89.1%)         32 (62.7%)       <0.001‡
  Myometrial invasion            15 (10.9%)          19 (37.3%)             
Route of hysterectomy                                                                        
  Abdominal                             13 (9.4%)             3 (5.9%)          0.438‡
  Laparoscopic                        125 (90.6%)         48 (94.1%)             
Final histology                                                                                     
  Benign                                   55 (39.9%)             0 (0%)                 
  Atypical hyperplasia             83 (60.1%)             0 (0%)                 
  Endometrial cancer                  0 (0%)              51 (100%)              

†t-test; ‡z-score.



three patients presumed to have stage 1B disease based on the
MRI, two cases were confirmed with stage 1B and one was
diagnosed with stage 1A endometrial cancer, indicating that
MRI identified 2 out of 4 in total 1B cases (50%). Overall,
MRI suggested endometrial cancer in 34 patients which was
confirmed in 19 of them (19/34, 55.9%).

Patients’ age and body mass index were not statistically
significant between patients diagnosed with cancer and those
with benign histology on final pathology assessment
(p=0.145 and p=0.149, respectively). Most women were
postmenopausal in both groups (83.3% and 78.4%,
respectively). Presence of myometrial invasion on MRI scan
was more commonly observed in patients that were
diagnosed with endometrial cancer compared to patients with
benign histology (37.3% versus 10.9%, p<0.001). On a
multivariate logistic regression analysis patient’s age,
menopausal status, BMI, ASA, history of diabetes and
presence of myometrial invasion on MRI scan were the best
predictors of cancer diagnosis on final histology (Table II).
The overall predictive ability for cancer of these variables
measured by the area under the receiver operating
characteristics (ROC) curve was 0.7394 (Figure 1). A value
of the area under ROC curve of 1 implies a perfect test and
a value of 0.5 represents a worthless test.

An MRI finding of invasion had a sensitivity and
specificity of 37% and 89%, respectively, a positive
predictive value of 55.9% and a negative predictive value of
79.3% for diagnosis of cancer (Table III). The positive

likelihood ratio of MRI identifying invasion was 3.43, and
the negative likelihood ratio was 0.7. 

Discussion

In our cohort, 27% of patients diagnosed with atypical
endometrial hyperplasia were found to have endometrial
cancer on final histology following hysterectomy. These
results are in accordance with the available literature data
reporting the rate of co-existing endometrial cancer varies
between 17-45% (3, 4). Six patients were found to have
features associated with increased risk of lymph node
metastases on final histology (4 patients found to have deep
myometrial invasion, one patient had carcinosarcoma and
one patient had grade 3 tumour), representing 11.8% of
endometrial cancer patients and 3.2% of the total cohort.
Several studies have found no cases of deep myometrial
invasion or high-grade disease in patients that had co-
existent endometrial cancer following the diagnosis of
atypical hyperplasia (9, 12, 13). Similar to our study, in a
cohort of 289 patients diagnosed with atypical endometrial
hyperplasia, Trimble et al. have found that 123 (42.6%)
patients had endometrial cancer on final histology. Amongst
the patients diagnosed with endometrial cancer, 13 patients
were found to have deep myometrial invasion and 2 patients
had grade 3 disease. Overall, 12% of patients diagnosed with
cancer in the study by Trimble et al. would require
assessment of the lymph nodes if the endometrial histology
was known pre-operatively. Costales et al. have found that
25.5% of patients diagnosed with endometrial cancer on final
histology would have warranted lymphadenectomy in their
retrospective series (3). Surprisingly, the study by Ofinran
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Figure 1. Receiver operating characteristic (ROC) curve. Predictive
ability for EC with myometrial invasion on MRI combined with clinical
characteristics, patient's age and menopausal status in women with AEH.

Table II. Predictors of cancer on final histology.

Variable                                            Odds ratio                            p-Value
                                             (95% confidence interval)

Age                                            1.051 (1.003-1.103)                     0.039
Premenopausal                          5.505 (1.555-19.482)                   0.008
BMI                                           1.005 (0.955-1.058)                     0.853
History of diabetes                   2.334 (0.543-10.027)                   0.254
ASA                                           0.866 (0.409-1.834)                     0.707
MRI (Invasion)                         4.52 (1.683-12.14)                       0.003

Table III. Performance of MRI in patients with atypical hyperplasia.

                                                       Value            95% Confidence interval

Sensitivity                                     37.2%                    24.1%-51.9%
Specificity                                     89.1%                    82.7%-93.8%
Positive predictive value              55.9%                    41.1%-69.7%
Negative predictive value            79.3%                    75.5%-82.7%
Positive likelihood ratio                 3.43                          1.89-6.22
Negative likelihood ratio                0.7                           0.57-0.88



and Balega has shown that 47.4% of patients diagnosed with
endometrial cancer on final histology had deep myometrial
invasion or cervical stromal invasion (10). This is
significantly higher than the rate reported in our study and
findings by Trimble et al. (11.8% and 12%, respectively).
The indications for performing MRI scan in the group of
patients diagnosed with atypical endometrial hyperplasia
were not clearly defined in the study by Ofinran and Balega;
approximately 30% of their cohort had the imaging
performed. The same limitation applies to the recent study
of Natarajan et al assessing the role of MRI in women with
AEH, where only 28% of their cohort underwent MRI scan.
In this study, 4 out of 24 (16.7%) patients who underwent
MRI had finally FIGO stage 1B endometrial cancer (11).

In our study, we observed statistically significant difference
on the MRI scan findings between patients diagnosed with
cancer and those with benign conditions on final histology.
Patients diagnosed with endometrial cancer were more likely
to have myometrial invasion on pre-operative imaging
(p<0.001). Kimura et al., have reported on 33 patients
diagnosed with atypical endometrial hyperplasia and found
that imaging techniques, including MRI scan, did not reliably
distinguish between patients with or without cancer (9).
However, due to small number of cases and smaller number
of patients diagnosed with cancer (only 9 women), it is
difficult to draw firm conclusion based on these results.
Similarly to the study by Ofinran and Balega (10), we found
modest specificity for the MRI scan in detecting endometrial
cancer (86% and 89%, respectively) but low sensitivity.
Nakao et al. have reported similar specificity rate but higher
sensitivity for the use of MRI scan to assess myometrial
invasion in patients with a pre-operative diagnosis of
endometrial cancer (82.6% and 74.1%, respectively) (14). In
our study, the predictive ability of the MRI scan for
endometrial cancer improved when combined with clinical
characteristics. The value for the area under ROC curve for
the model incorporating patient’s age, menopausal status,
BMI, ASA, diagnosis of diabetes and presence of invasion on
MRI was 0.739, which is of “fair accuracy”. 

Interestingly, the odds of cancer diagnosis on final histology
specimen were increased in premenopausal compared to
postmenopausal women (OR=5.505, 95%CI=1.555-19.482),
and was statistically significant (p=0.008). We were unable to
find an explanation for these findings. Exclusion from the
analysis of patients that underwent medical management for
the diagnosis of atypical endometrial hyperplasia is likely to
have an impact on these results. Postmenopausal patients were
more likely to undergo medical management due to poor
performance status, presence of co-morbidities or their
preferences. Previous studies have not reported separately on
the risk of co-existing endometrial cancer in premenopausal
women with atypical endometrial hyperplasia. Matsuo et al.
have found that older age is a risk factor for co-existing

endometrial cancer in women with endometrial hyperplasia
(15). However, the authors did not stratify the patients
according to their menopausal status. Trimble et al. have
found the risk of co-existent endometrial cancer in patients
with atypical endometrial hyperplasia was similar in women
younger than 50 years compared to older than 50 years
patients (38.2% versus 44.5%) (4). 

To date, this is the largest study reporting on the use of
MRI scan in patients diagnosed with atypical endometrial
hyperplasia. The aim of performing an MRI scan in this
group of patients is to detect the degree of myometrial
involvement by tumour assuming co-existence of
endometrial cancer. However, in our cohort the MRI scan
failed to confirm deep myometrial involvement in two of the
four patients diagnosed with FIGO stage 1B endometrial
cancer. The results of the MRI scan had the potential to alter
the treatment decisions in 4 (7.8%) patients diagnosed with
endometrial cancer on final histology but only 2.1% of the
total cohort of women diagnosed with atypical endometrial
hyperplasia. Interestingly, MRI scan had the potential to alter
the treatment plan in 27.2% of the patients diagnosed with
atypical endometrial hyperplasia in the study by Onifran and
Balega (10). Despite this, the authors reported limited value
on the use of MRI scan in pre-operative setting for patients
diagnosed with atypical endometrial hyperplasia. Likewise,
Natarajan et al. concluded that MRI is not suited for risk
stratification and individualized treatment as, in their study,
it correctly identified only 20% of stage 1B endometrial
cancer among women with a preoperative diagnosis of
atypical hyperplasia (14).

The main limitation of the study is associated with its
retrospective nature. The MRI scan images were reviewed
by different consultant radiologists; this may be associated
with inter-observer variability and have an impact on the
overall performance of the test. Similarly, it may be difficult
to distinguish atypical endometrial hyperplasia from
carcinoma and opinion may vary across different
pathologists. Nonetheless, in our study all MRI scan images
and histology results were reviewed by radiologists and
pathologists, respectively with expertise in gynaecological
malignancies and discussed at a multidisciplinary team
meeting. In our study, the MRI scan was performed without
use of contrast. It is likely that use of gadolinium would
optimize assessment of myometrial invasion and improve the
overall performance of the MRI scan (16).  

In conclusion, the risk of co-existent endometrial cancer
is significantly increased when MRI scan shows presence of
myometrial invasion in women with the diagnosis of atypical
endometrial hyperplasia. Although it is unlikely that the MRI
scan results will affect the surgical treatment protocols, the
addition of MRI to preoperative assessment may lead to
improved triage and treatment in this group of women. When
combined with clinical characteristics, MRI scan has better
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accuracy in detecting endometrial cancer and these results
may be of relevance to women opting for fertility sparing
approach or patients with medical co-morbidities for whom
a medical approach may be considered. 
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