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Prediction of prognostic factors in endometrial cancer
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ABSTRACT

Objective: The aim of our study is to evaluate the lymphovascular space involvement
(LVSI) status using preoperative fluorine-18 (18F) fluorodeoxyglucose (FDG) positron
emission tomography/computed tomography (PET-CT) imaging.

Material and Methods: This retrospective study was based on a review of the
records of patients who were diagnosed with endometrial cancer (EC) and underwent
hysterectomy between January 2014 and 2021. The thickness, volume of the uterine
lesion, and its standardized uptake value (SUV_ ) as obtained using 18F-FDG PET-CT
and pathology results of hysterectomy specimens were recorded.

Results: All 151 patients included in the study had endometrioid-type cancer.
Recurrence was observed in 22 (14.6%) patients. To predict LVSI, deep myometrial
invasion, cervical involvement, and lymph node (LN) metastasis preoperatively, ideal
SUV,__, values in PET-CT were analyzed according to receiver operating characteristic
(ROC) analysis. Deep myometrial invasion, cervical involvement, LVSI, and LN
metastasis, which are poor prognostic factors, were found to be significantly more
common in high SUV__ values (>14.65). The 5-year disease-free survival was 92.0%
at low SUV__ and 71.1% in patients with high SUV__ values (p=0.004). Patients with
low SUV,__ had a higher mean 5-year overall survival than patients with high SUV__
(97.3% & 71.8%; p<0.001).

Conclusion: In order to predict the presence of LVSI in the preoperative period,
the SUV,__, value of the uterine lesion on PET-CT can be used. It may be helpful in
planning the extent of the surgery and the level of LN dissection.

Keywords: Endometrial cancer, lymph node, lymphovascular space involvement,
positron emission tomography.
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INTRODUCTION

The most common gynecological cancer type in developed countries
is endometrial cancer (EC).I" Histological type, grade, depth of myo-
metrial invasion, lymph node (LN) metastasis and lymphovascular
space involvement (LVSI) are important prognostic factors for recur-
rence and survival.”? EC is usually diagnosed at an early stage (75%)
and has an excellent prognosis.©!

LVSI is the first step in tumor metastasis and is defined as the
invasion of tumor cells in lymphatic and/or blood vessels. The pres-
ence of LVSI is associated with metastatic spread to lymph nodes
and distant sites.! LVSI status is assessed by examining the hyster-
ectomy material.®! On the other hand, LVSI can rarely be evaluated
in biopsy specimens, with the hazard of a second surgery to confirm
lymph node metastasis.®”! Recently, the European Society of Gynae-
cological Oncology (ESGO), the European Society for Radiothera-
py and Oncology (ESTRO), and the European Society of Pathology
(ESP) ESGO-ESTRO-ESP classification, based on final pathology
taking into account both LVSI and lymph node status, identified four
risk groups for recurrence and is used in adjuvant therapy.” Some
authors have reported that pelvic and para-aortic lymphadenectomy
in low-risk EC patients has no clinical benefit but causes an addition-
al increase in the risk of complications and morbidities.®® Although
there were imaging studies evaluating LVSI preoperatively, no con-
sensus was reached.® In addition, LVSI is now included in the 2023
EC staging system.['

The aim of our study is to evaluate the LVSI status using preoper-
ative fluorine-18 (18F) fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET-CT) imaging.

MATERIAL AND METHODS

This retrospective study was based on a review of the records of
patients who were diagnosed with EC and underwent hysterectomy
at the Gynecologic Oncology Clinic of Erciyes University, Faculty of
Medicine, Turkiye, between January 2014 and 2021. The patients’
clinical files and pathological specimens were reviewed retrospec-
tively. Study inclusion was limited to patients with EC who were oper-
ated on at our institution, for whom follow-up data were available, and
who underwent PET-CT in the preoperative period. Collected data
included patient age at diagnosis, tumor size, histological subtype,
lymphovascular space invasion, The International Federation of Gy-
necology and Obstetrics (FIGO) stage, and comorbidities (hyperten-
sion, diabetes mellitus). The study was approved by the local Ethics
Committee (Date=26.05.2021, Decision No=2021/365) and conduct-
ed in accordance with the principles of the Declaration of Helsinki.

All surgical operations were carried out by surgeons experienced
in gynecological oncologic surgery. A vertical midline incision was pre-
ferred in all patients for ease of access during abdominal exploration
and organ resection. After the peritoneal cavity had been entered, a
peritoneal wash was obtained for cytology. Exploration of the abdomi-
nal cavity included systematic examination of the peritoneal surfaces,
omentum, colon and small intestine, and para-colic, pelvic, mesen-
teric, and para-aortic sites, as well as palpation to locate suspicious
lesions. The procedures included hysterectomy, bilateral salpingo-
oophorectomy, pelvic and para-aortic lymph node sampling, resec-

September 2024

Table 1: The demographic and clinical characteristics of the

patient (n=151)

Characteristics

Age, years, Mean+SD 59.7+10.8
CA125, Mean+SD 58.5+143.2
Hemoglobin, Mean+SD 12.1+2.0
Histological grade, n (%)
1 81 (53.6)
2 45 (29.8)
3 25 (16.6)

Myometrial invasion, n (%)
Limited in the cavity 0 (6.6)
104 (68.9)

<1/2
=1/2 4 (22.5)
Serosal 3(2.0)
Cervical invasion, n (%) 17 (11.3)
Adnexal involvement, n (%) 5(3.3)
Lymphovascular space invasion, n (%) 35 (23.2)
Stage, n (%)
1A1 10 (6.6)
1A2 79 (52.3)
IA3 1(0.7)
1B 10 (6.6)
1A 1(0.7)
IIB 12 (7.9)
lIC 6 (10.6)
INnc1 8 (5.3)
lnca2 6 (4.0)
IVB 8 (5.3)
SUV__, (uterine lesion), Mean+SD 14.249.2
Vertical size of the tumor in PET, mm, Mean+SD 39.3+20.7
Horizontal size of the tumor in PET, mm, Mean+SD 29.2+16.9
The largest tumor size in pathology, cm, Mean+SD 3.6+2.0

SD: Standard deviation.

tion of bulky lymph nodes, and omentectomy. Systematic retroperi-
toneal lymphadenectomy was performed at our oncology center in
patients with (a) myometrial invasion =1/2, (b) positive pelvic LNs, (c)
nonendometrioid tumors, and (d) grade 3 endometrioid cancer. The
staging of all cases was re-evaluated according to the FIGO 2023
staging system by re-evaluating the pathological findings.l'” Pelvic
lymphadenectomy consisted of removal of the lymphatic tissue over
the external, internal, and common iliac vessels and in the obturator
fossa. Para-aortic LN dissection was performed by removal of the
lymphatic tissue over the inferior vena cava and aorta, beginning at
the bifurcation and proceeding to the left renal vein if necessary.
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Figure 1: Determination of ideal cut-off values in PET-CT by ROC analysis to predict prognostic factors.

(a) LVvSI & SUV__, AUC: 0.834 (Cl 95%: 0.769-0.899), p<0.001, cut-off: 14.6; sensitivity: 82.9% and 73.3% specificity. (b) Cervical involvement & SUV__, AUC: 0.747 (CI
95%: 0.639-0. 855) p=0.001, cut-off: 14.6; sensitivity: 88.2% and 66.4% specificity. (c) Deep myometrial invasion & SUV__, AUC: 0.668 (Cl 95%: 0. 576 0 760), p=0.002,
cut-off: 14.6; sensitivity: 64.9% and 67.5% specificity. (d) Lymph node metastasis & SUV,__, AUC: 0.680 (Cl 95%: 0. 544—0 817) p=0.026, cut-off: 14.6; sensitivity: 87.5%

and 60.6% specificity.

All histological slides were reviewed by an expert gynecopathol-
ogist. Histological subtype, histological FIGO grade (according to the
World Health Organization criteria), and mitotic index (number of mi-
toses per 10 high power fields) were evaluated both in the primary tu-
mor and in curettage material. Uterine sections were selected from the
anterior and posterior aspects of the cervix, the lower uterine segment,
and the uterine corpus. A minimum of 6 sections, including the section
showing the deepest tumoral invasion, was obtained for all specimens.

Diagnosis was confirmed histopathologically in all patients. The
thickness and volume of the uterine lesion and its standardized uptake
value (SUV, ) as obtained using 18F-FDG PET/CT and hysterec-
tomy pathology results were recorded. Whole-body 18F-FDG PET/
CT imaging was performed using a PET/CT scanner (Philips Gem-
iniTF; Philips Healthcare, Andover, MA, USA), which consisted of a
dedicated lutetium orthosilicate full-ring PET scanner and 16-slice CT.

Both PET and low-dose CT scanning covered the skull to the proxi-
mal thigh. The protocol included 6 h of fasting before image acquisi-
tion, and all patients were asked to void before undergoing scanning.
On the day of the examination, the serum glucose levels measured
before 18F-FDG injections were found to be less than 140 mg/dL.
Subsequently, 18F-FDG (6.5-13.4 uCi) was given intravenously 60 to
120 min before the CT scan, and the patients were instructed to rest
in a semi-dark, temperate room between the injection and scanning.
At 60 min after the administration of 18F-FDG, low-dose CT (50 mAs,
120 kV) covering the area from the skull to the proximal thighs was
performed to attenuate the correction and precise anatomic localiza-
tion. An emission scan was then conducted in the three-dimensional
mode. All images were reconstructed and stored as axial, coronal,
and sagittal slices. The total scanning time was about 20 min per pa-
tient. The SUV __ was estimated for each hypermetabolic lesion.
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Figure 2: Disease-free (a) and overall (b) survival curves of low and high SUV __ values according to Kaplan-Meier.

The patients were followed up every 3—4 months for the first 2
years, every 6 months for the next 3 years, and annually thereafter.
Computed tomography or magnetic resonance imaging was per-
formed annually. Disease-free survival was defined as the interval
from the date of primary surgery to the detection of recurrence or the
latest observation. Overall survival was defined as the interval from
the date of primary surgery to death or the latest observation.

Statistical Analysis

Descriptive data are expressed as the meanzstandard deviation
or as a percentage. Chi-square was used to compare categorical
data, and the Student t-test was used to compare nominal data.
The optimal cut-off value of predictive prognostic factors in EC was
identified using receiver operating characteristic (ROC) curve anal-
ysis. Logistic regression analysis was used to define the risk factors
for lymph node involvement; the results were presented as the 95%
confidence interval (Cl) and odds ratio (OR). All statistical analy-
ses were performed using SPSS software (ver. 20.0; IBM Corp.,
Armonk, NY, USA). A p value <0.05 was considered to indicate sta-
tistical significance.

RESULTS

All 151 patients included in the study were of the endometrioid
adenocarcinoma histological type. One hundred forty-one (93.4%)
patients were estrogen receptor positive and 134 (88.7%) patients
were progesterone receptor positive. Type 1 hysterectomy was per-
formed in 148 (98.0%) patients and type 3 hysterectomy in 3 (2.0%)
patients. Pelvic LN dissection was performed in 110 (72.8%) patients
and paraaortic LN dissection was performed in 83 (55.0%) patients.
The mean number of pelvic LNs taken was 17.1+7.9 and the number
of paraaortic LNs was 6.1+4.2. Pelvic LN metastasis was observed
in 16 (10.6%) patients and paraaortic LN metastasis was observed
in 9 (6.0%) patients. Seventy-four (49.0%) of the patients had hyper-
tension and 49 (32.5%) had diabetes mellitus. The demographic and
clinical characteristics of the patients are given in Table 1.
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Sixty-eight (45.0%) patients received adjuvant radiotherapy; vagi-
nal brachytherapy (VBT) was given to 57 (37.7%) patients and external
beam radiotherapy (EBRT) to 31 (21.5%) patients. Adjuvant chemo-
therapy was given to 21 (13.9%) patients and all received carboplatin
plus paclitaxel. Recurrence was observed in 22 (14.6%) patients. Re-
currence locations were: vaginal cuff in 3 (2.0%) patients, pelvic in 4
(2.6%) patients, pulmonary in 3 (2.0%) patients, common in more than
one area in 8 (5.3%) patients, and other regions in 4 (2.6%) patients.

In order to predict LVSI, deep myometrial invasion, cervical in-
volvement, and LN metastasis, ideal SUV,__ values in preoperative
PET-CT were analyzed according to ROC analysis in Figure 1. The
sensitivity, specificity, negative and positive predictive values of the
cut-off values are given in Table 2. The average incidence of prog-
nostic factors with respect to low and high SUV,__ values are summa-
rized in Table 3. The 5-year disease-free survival (148 patients) was
92.0% atlow SUV__ (<14.65) and 71.1% in patients with high SUV
(=14.65) values (p=0.004) (Fig. 2a). Patients with low SUV,__ (<14.65)
had a higher mean 5-year overall survival (141 patients) than patients
with high SUV__ (=14.65) (97.3% & 71.8%; p<0.001) (Fig. 2b).

max

DISCUSSION

In EC, depending on the status of prognostic factors, the extent of
surgery and adjuvant treatment is decided. However, it may not al-
ways be possible to identify prognostic factors preoperatively. LVSI
is defined as the presence of adenocarcinoma, of any extent, in en-
dothelial-lined channels of uterine specimens extracted at the time
of surgery."! In particular, the status of LVSI is not considered reli-
able if it is negative in preoperative biopsies because the absence of
LVSI in the biopsy area does not reflect the LVSI status in the rest of
the specimen. In this regard, we conducted research to predict the
LVSI status and other prognostic features of EC patients according to
SUV__ values in PET-CT, with an aim to guide the surgery.

LVSI is an important prognostic factor for disease relapse and
poor survival in EC, as is LN metastasis, in patients with EC.l'>4
LVSI is reported as positive in 13.2-51.8% of ECs.*'2-1% There are
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Table 2: The sensitivity, specificity, negative and positive predictive value of the cut-off values

Sensitivite Spesifisite PPV NPV
Deep myometrial invasion 64.9 67.5 38.3 84.6
Cervical invasion 88.2 66.4 25.0 97.8
Lymphovascular space invasion 82.9 73.3 48.3 93.4
Lymph node involvement 87.5 60.6 35.0 95.2

PPV: Positive predictive value; NPV: Negative predictive value.

Table 3: Incidence of prognostic factors according to low and high SUV__ values

Low SUV__ (<14.65) (n=91) High SUV__ (=14.65) (n=60) p
Deep myometrial invasion 14 (15.4%) 23 (38.3%) 0.002
Cervical invasion 2 (2.2%) 15 (25.0%) <0.001
Lymphovascular space invasion 6 (6.6%) 29 (48.3%) <0.001
Lymph node involvement 2 (4.8%) 14 (35.0) 0.001

SUV: Standardized uptake value.

studies in the literature evaluating the utilization of PET-CT in LVSI
assessment. SUV__ value of the uterine lesion was found to be sig-
nificantly higher in patients with positive LVSI.['*-'8 However, studies
investigating the ideal cut-off value to detect LVSI positivity have re-
ported a wide range of SUV__ values changing between 6—16.1'6"7]
Sensitivity of SUV__ for determining LVSI was 71.4-88.2%.0'*"8] In
regression analysis, the SUV __ value was significantly correlated
with LVSL!" Apart from that, the relationship between deep myome-
trial invasion, advanced stage, LN involvement, and SUV,__ values
was investigated and a significant result was found.l'#'® The rate of
LVSI positivity in patients with EC was 23.2% in our study. In regard
to determining the LVSI status, the cut-off value of SUV__ was 14.6
in the ROC analysis, and the area under the curve was 0.834. The
sensitivity was 82.9%, the negative predictive value was 93.4%, and
the positive predictive value was 48.3%. Additionally, for disease-free
and overall survival outcomes, patients with higher SUV__ values
were found to be statistically significantly worse.

The choice of optimal surgery for EC, particularly on the extension
of lymphadenectomy, should be balanced in terms of surgical morbid-
ity and oncological outcomes. Surgeons may stand in favor of more
comprehensive surgery to overcome endometrial cancer with high-risk
factors. On the other hand, it is known that more radical surgery is as-
sociated with increased morbidity. It is known that systematic total pelvic
and paraaortic lymphadenectomy increases complication rates such as
wound infection, lymphocyst, and lymphedema. Preoperative evalua-
tion and imaging may help in planning the extent of surgery. In our co-
hort, 6.6% of patients with low SUV__ values had LVSI positivity, while
approximately half of the patients with high values were LVSI positive.
When performing LN dissection, a more systematic approach should be
performed in cases where the SUV__ values are above the threshold.
In the ESGO-ESTRO-ESP guidelines on EC, LVSI is accepted as an im-

portant risk factor for disease recurrence and having information on the
status of LVSI preoperatively may provide clarity in management.”'" |In
addition, LVSI changes the stage in the 2023 FIGO staging system.['?
This study has some limitations. First, it has a retrospective de-
sign, and secondly, the sample size was relatively small. Further stud-
ies with larger cohorts and prospective designs are recommended.
Lastly, systematic LN dissection was not performed for all patients.
Despite these limitations, the comparable demographic characteris-
tics of the study population and the inclusion of expert pathologists
increased the validity of our results and reduced these weaknesses.

CONCLUSION

In conclusion, in order to predict the presence of LVSI in the preop-
erative period, the SUV__ value of the uterine lesion on PET-CT can
be used. It may be helpful preoperatively in determining prognosis.
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