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Abstract

Introduction: Endometrial cancer (EC) is the most common gynecological cancer in developed countries. Histological
grade (G) and myometrial invasion (MI) are important risk factors, and together with the histological type and other
postoperative data establish the risk of lymph node involvement and guide the adjuvant treatments. The objective of this
study was to assess the validity of a preoperative stratification model that combines preoperative histological grade and Ml
as identified by magnetic resonance imaging (MRI) to select candidates for lymph node staging and optimize surgical
planning for our patients.

Material and methods: It's an observational retrospective cohort study including 294 patients diagnosed with EC at
Donostia University Hospital from January 2012 to December 2017. Preoperative endometrial biopsy, including histological
type and grade, preoperative MRI was compared with the definitive histological diagnosis. Sensitivity (Sn), specificity (Sp),
positive predictive value (PPV) and negative predictive value (NPV) of the MRI-based diagnosis were calculated.

Results: After inclusion and exclusion criteria 242 cases of type | or |1 EC were analyzed. Our model was found to have
a Se of 91.4% (95% CI 83.2-95.8) and a Sp of 90.7% (95% CI 85.2-94.3). Percentage of down staging was 6.2% (15
unnecessary lymphadenectomies) and the upstaging rate was 2.9%. The NPV of the model was very high (95.4%, 95% CI
90.9-97.8). The diagnostic odds ratio for our model was 147.95 (95% CI 52.9-410.5), with a diagnostic accuracy of 91.7%
(95% 87.6-94.6).

Conclusions: A preoperative strategy that includes the determination of the tumor grade based on an endometrial biopsy
and an assessment of M1 by MRI is of great help in pre-surgical planning for endometrial cancer surgery, allowing an extra
peritoneal approach and optimizing the use of physical and human resources. MRI presents excellent discriminatory power
in the detection of Ml in EC, with no significant variation by pathological subtype.
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Introduction

Endometrial cancer is the most common gynecological cancer in
developed countries [1] with a standardized incidence of 13.6 per
100,000 women and more than 100,000 new cases diagnosed per year in
Europe. In Spain, it is the most common female genital tract malignant
tumor and ranks second in mortality, after ovarian cancer. Its incidence
is 5.9 per 100,000 women, with a mortality rate of 3.1 per 100,000 and a
5-year prevalence of 7.6 per 100,000. Most cases are diagnosed in early
stages (80% in stage 1), with a 5-year overall survival of 95%.
Nonetheless, survival is significantly shorter in cases of regional
dissemination or distant disease, resulting in even lower survival rates
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than in ovarian cancer at equally advanced stages (111 and 1V).

Histological grade (G) and myometrial invasion (MI) influence the risk
of lymph node involvement, this increasing from 1% in cases of G1-2
tumors with invasion of less than 50%, to more than 10% in cases of
higher grade tumors or a greater extent of invasion. The grade has been
shown to determine the probability of survival in women with stage | or
Il endometrioid endometrial cancer; with 5-year survival rates of 93%,
85% and 69% in G1, G2 and G3 respectively [3] Notably, within G1, Ml
is associated with lower survival: 87% vs. 99% when there is no MI.

The recommended imaging tests for presurgical risk stratification
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through assessment of uterine risk factors (size, myometrial invasion,
cervical stromal involvement and involvement of the lower uterine third)
are magnetic resonance imaging (MRI) and transvaginal/transrectal
ultrasound, depending on their availability [3]. There is no evidence of
the superiority of any specific approach, they are operator dependent, and
they show an agreement of around 85% with the definitive histological
diagnosis, and hence, where both are available, the decision of which to
use is left to each center based on its results. The diagnostic accuracy of
MRI, assessed against a definitive histological examination, has been
found to be between 71% and 97% [4].

Our objective was to assess the validity of a preoperative stratification
model that combines preoperative histological grade and M1 as identified
by MRI to select candidates for lymph node staging and optimize surgical
planning for our patients.

Material and methods

ENDOMETRIAL CANCER

FIGO I-1l surgical treatment
(January 12- December 17)
294
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39
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242
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An observational retrospective cohort study was conducted including 294
patients diagnosed with endometrial carcinoma at Donostia University
Hospital from January 2012 to December 2017. All patients were
histologically diagnosed with endometrial carcinoma by preoperative
endometrial biopsy, including histological type and grade. All patients
underwent preoperative magnetic resonance imaging (MRI). Data were
obtained from electronic health records.

Cases of early stage endometrial carcinoma (I and 1) with indications for
surgery were selected for inclusion. Cases were excluded if the MRI
yielded an inconclusive result concerning M1 or we failed to obtain any
of the relevant data from the health records. The diagnosis of concomitant
uterine pathology and intrauterine location of the tumor were not taken
into account. Work-up and different diagnosis tests performed are shown
in figure 1.

data Missing data
13
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Diagnostic test Diagnostic test
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Figure 1. Work-up flow Chart

Preoperative results were compared with the definitive histological
diagnosis from analysis of the hysterectomy specimen. Stratified analysis
was performed for cases with the endometrioid subtype and for type Il
CE. MRI and post-surgical staging were compared in terms of the extent
of MI (greater than or equal to or less than 50%). Sensitivity (Sn),
specificity (Sp), positive predictive value (PPV) and negative predictive
value (NPV) of the MRI-based diagnosis were calculated.

Further, a model was developed comparing preoperative stratification
based on preoperative grade and MRI findings with final postoperative
stratification (in accordance with ESMO-ESGO-ESTRO (European
Society for Medical Oncology — European Society of Gynecological
Oncology — European Society for Radiotherapy & Oncology)
recommendations) based on tumor grade, MI and lymphovascular space
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involvement (LVSI), considering tumor grade 3 and LVSI to be true
positives. The diagnostic performance of this model was assessed.
Approval by the hospital ethics committee (IRB) was obtained.

All variables were entered into an Excel form designed for this purpose
and analyzed using Stata 15.0 statistical software (STATA Corp LCC,
TX, USA). Quantitative variables are presented as median and standard
deviation (SD) and categorical variables as proportions. As well as Se,
Sp, PPV, NPV, positive and negative likelihood ratios (LH+ and LH-,
respectively) with 95% Wilson confidence intervals (Cls) were
calculated to assess the performance of the model. The accuracy of the
model was also estimated.

Results

There were a total of 294 cases of endometrial cancer during the study
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period. Of these, 13 cases were excluded due to missing information,
while in another 39 patients, MRI had not been performed or the findings
were inconclusive. Finally, a total of 242 cases of type | or || endometrial
carcinoma were analyzed. The mean age of these patients was 64.7 years
(SD 10.76). They had a mean body mass index of 29.5 kg/m? (SD 6.94)
and a mean tumor size of 29.5 mm (SD 18.4).

MRI vs  MRI vs Histological

Histological M1 MlI MM

All types of EC Endometrioid EC
Estimated %  Estimated % (95%

MRI vs Histological

G3+Type Il EC
Estimated %
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An Se of 77.8% (67.6-85.5), Sp of 86.3% (80.2-90.8), PPV of 74.1%
(63.9-82.2) and NPV of 88.5% (82.6-92.6) were obtained for all types of
endometrial cancer and MRI assessment as a diagnostic test for MI, with
a prevalence of 33.5% of endometrial cancer cases with MI > 50%, an
LH+ of 5.69 (3.78-8.54) and an LH- of 0.26 (0.17-0.39). Table 1

MRI vs Histological Model vs ESMO-ESGO-
M ESTRO stratification
Type Il EC

Estimated % Estimated %

(95% CI) Cl)

)

(95% ClI) (95% ClI)

Sensitivity 77.8 (67.6-85.5) 79.7 (66.8-87.5) 72 (52.4-85.7) 79.3 (48-89.1) 93.8 (86.4-97.3)
Specificity 86.3 (80.2-90.8) 85.1 (78.3-90) 84.8 (69.1-93.3) 91.3 (73.2-97.6) 90.7 (85.2-94.3)
False positive 13.7 (9.2-19.8) 14.9 (9.95-21.7) 15.2 (6.65-30.9) 8.7 (2.42-26.8) 9.32 (5.73-14.8)
False negative 22.2 (14.5-32.4) 20.3 (12.5-31.2) 28 (14.3-47.6) 26.7 (10.9-52) 6.17 (2.67-13.6)
Positive 5.69 (3.79-8.53) 5.35 (3.54-8.08) 4.75 (2.04-11.04) 8.43 (2.17-32.82) 10.07 (6.2-16.36)
likelihood ratio

Negative 0.26 (0.17-0.39) 0.24 (0.15-0-38) 0.33 (0.17-0.62) 0.29 (0.13-0.68) 0.07 (0.03-0.16)
likelihood ratio

Odds ratio 22.1 (11.1-43.9) 22.5(10.7-47.2) 14.4 (4.05-51.07) 28.8 (4.9-164) 147.95 (52.9-410.5)
Sample 33.5 (27.8-39.6) 32.9 (26.9-39.5) 43.1 (31.2-55-9) 39.5 (25.6-55.3) 33.5 (27.8-39.6)
prevalence

Positive 74.1 (63.9-82.2) 72.4 (61.4-81.2) 78.3 (58.1-90.3) 84.6 (57.8-95.7) 83.5 (74.6-89.7)
predictive value

Negative 88.5 (82.6-92.6) 89.6 (83.2-93.7) 80 (64.1-90) 84 (65.3-93.6) 96.7 (92.5-98.6)
predictive value

Diagnostic 83.5 (78.3-87.6) 83.3 (77.7-87.8) 79.3 (67.2-87.7) 84.2 (69.6-92.6) 91.7 (87.6-94.6)
accuracy

MRI: magnetic resonance imaging, EC: endometrial cancer, MI: myometrial invasion

Table 1. Performance of the diagnostic test models in the different situations considered.

There were 22 false positive cases, among which there were 5 cases of
G3 and 4 cases of LVSI (+), 2 cases both being G3 and having LVSI (+),
and hence, only 15 cases were actually down staged after the definitive
histological diagnosis. Regarding false negatives, these included seven
cases of G3 tumors and eight cases of LVSI (+), with three of the latter
being G3. Further, in one case, stromal invasion was diagnosed by MRI
and this was histologically confirmed. That is, there were 13 false
negatives from MRI in this series and these corresponded to G3 and/or
LVSI (+) tumors or stromal involvement.

In the case of endometrioid histology, there were 21 false positives and
14 false negatives in a total of 210 patients. The Sn was 79.7%, Sp 85.1%,
PPV 72.4% and NPV 89.6%. The Sn and Sp of the test were found
respectively to be 72% and 84.8% in the case of type Il tumors (including
G3 endometrioid, clear cell and serous carcinoma) and 73.3% and 91.3%
in the case of undifferentiated carcinoma, carcinosarcoma, and mixed,
serous and clear cell carcinoma.

When analyzing the performance of our model that includes grade and
MRI as a diagnostic test, comparing with the ESMO-ESGO-ESTRO
postoperative stratification, the Sn increased to 93.8% (95% CI 86.4-
97.3%) and the Sp to 90.7% (95% CI 85.2-94.3%). The diagnostic odds
ratio for our model was 147.95 (95% CI 52.9-410.5), with a diagnostic
accuracy of 91.7% (95% 87.6-94.6).
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Discussion

This study supports the idea of preoperatively planning the type of
surgery to be performed, as it seems possible to estimate the definitive
result of the histopathological examination with high reliability. The
decision to schedule a pelvic and/or aortocaval lymphadenectomy from
the outset has numerous advantages and implications. Not only are we
able to plan the surgical time in the operating room and optimize its use,
we are also able to avoid the use of other resources, for example, omitting
intraoperative frozen section analysis, with the associated problems and
time delays, and we are able to discuss with patients in advance the most
appropriate procedure in their case.

What is more, the main benefit, in our opinion, is the possibility of using
an extra peritoneal approach [5], that it would be impossible if we had to
base our decision on intraoperative histopathological findings. This is
especially important considering the characteristics of patients that we
often encounter with this condition, a large proportion of them being
obese and/or having comorbidities, which make it difficult and
sometimes impossible to reach the root of the mesentery and the
Trendelenburg position is required for the transperitoneal approach. It has
also been reported that in obese patients fewer nodes are obtained with
the transperitoneal route [6, 7] and that the number of lymph node
metastases found increases with the number of nodes obtained [7],
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although in the only randomized study comparing the two approaches, no
significant differences were found in the perioperative results [8].

Our model is based on two key variables, namely, MRI findings and
histological tumor grade. The application of this model requires the
preoperative histological diagnosis to include tumor grade, which may
sometimes be difficult to obtain preoperatively, but which can be
obtained with the involvement of a highly motivated multidisciplinary
team. In our case, we repeat the endometrial sample in cases for which
we do not yet have the tumor grade, either because the biopsy was taken
at another hospital or a shortage of sample material, if necessary, by
hysteroscopy to improve the quality of the sample taken. It is also vital
to have a team of radiologists involved and trained in the assessment of
MI, as well as internal monitoring of their results, these undoubtedly
resulting in improvements in discriminatory capacity.

If we already have a diagnosis of high-tumor grade, we omit the MR,
since it does not provide any additional useful information and to assess
the MI, we perform axial computed tomography (CT) for extended
diagnosis. Our objective in such cases is to detect peritoneal disease and
anticipate the need for a laparotomy and cytoreduction, which may be
more appropriate in stages 111 and 1V than laparoscopic surgery.

Contrast MRI has proven to be a better imaging test to detect Ml, cervical
stromal involvement and lymph node involvement than MRI without
contrast, ultrasound or CT [9, 10]. Fusion of T2-weighted magnetic
resonance imaging (T2WI) and diffusion-weighted magnetic resonance
imaging (DWI) may contribute to the improvement of anatomical
localization and assessment of myometrial invasion [11, 12]. In our
series, MRI showed a high NPV of 88.5%, although its PPV of 74.1%
was lower than expected, which would explain the cases of over
diagnosis with this test; and this was substantially improved by applying
our model that also includes the preoperative histological grade, the PPV
increasing to 83.1%.

LVSI has proven to be an independent risk factor for local and distant
recurrence, as well as an adverse prognostic factor for recurrence, in
terms of disease-free survival, overall survival and disease-specific
survival, with hazard ratios (HRs) of 2.8, 2.8 and 7 respectively. It has
even been suggested that LVSI should be included in the FIGO
classification, since it has been seen that patient survival is even better
predicted in isolation with this factor, with rates of 81% in positive cases
and 97% in negative cases, than considering whether there is Ml of
greater or less than 50%, with rates of 87% and 96% respectively [11].
LVSI is strongly associated with lymph node metastasis [12];
nevertheless, not all groups perform a lymphadenectomy in patients with
this type of involvement [13], although it is associated with a change in
risk when performing adjuvant treatments [14]. For this reason, our group
performs lymph node staging in these patients and we do not consider
that patients with final LVSI (+), in spite of low grade and MI less than
50%, are overtreated in our series. On the other hand, LVSI is always
assessed postoperatively, meaning that it cannot be included in
preoperative stratification models.

Our model was found to have a Se of 91.4% (95% CI 83.2-95.8) and an
Sp of 90.7% (95% CI 85.2-94.3), superior to those with the use of MRI
alone and thus improving its diagnostic accuracy. Considering our model,
we have performed 15 unnecessary lymphadenectomies in a total of 242
patients, which corresponds to 6.2% of the sample and represents the rate
of overdiagnosis and downstaging in the definitive histological
stratification. On the other hand, only seven patients were
underdiagnosed, corresponding to an upstaging rate of 2.9% in our series,
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and they underwent a lymphadenectomy in a second surgical session. It
should be taken into account that one of these cases was a woman who
had extramural MRI findings, where the images had been interpreted by
radiologists in a small hospital who -unlike the radiologists involved in
our team- were not specialized in gynecological tumors.

In our case, today, such patients would no longer undergo reoperation if
they had had a sentinel lymph node biopsy and sentinel node involvement
had been detected, using our combined cervical and fundal injection
technique and pelvic and aortic sentinel node identification [15]. We do
not reoperate on such patients in accordance with an individualized
decision taken in a tumor committee motivated by our excellent results
and the complexity of dissecting a pelvic and especially aortic area for a
second time, with adhesions and obliteration being very common and the
very high risk of vascular injury, as well as the delay in the start of
adjuvant therapy that would imply.

The NPV of the model was very high (95.4%, 95% CI 90.9-97.8),
indicating that our surgical planning is excellent. Notably, it is very rare
that the surgical time needed is longer than that planned, since the results
of intraoperative frozen section analysis, which we always perform in
patients with G1-2 endometrioid endometrial cancer and Ml less than
50% as assessed by MRI, almost always agree with the previous
diagnosis.

Nonetheless, this study has some limitations. No data were recorded
regarding the presence of factors that could modify the diagnostic
accuracy of MRI such as myometrial lesions, for example, myomas;
polypoid tumors; or corneal involvement. Likewise, tumor grade data
may vary in provisional and definitive histological diagnoses due to
intratumoral heterogeneity.

Conclusions

A preoperative strategy that includes the determination of the tumor
grade based on an endometrial biopsy and an assessment of M1l by MRI
is of great help in pre-surgical planning for endometrial cancer surgery,
allowing an extra peritoneal approach and optimizing the use of physical
and human resources. MRI presents excellent discriminatory power in
the detection of MI in endometrial cancer, with no significant variation
by pathological subtype.
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