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Retrospective analysis of the '®F-FDG PET/ -l
CT cutoff value for metabolic parameters was
performed as a prediction model to evaluate

risk factors for endometrial cancer

Ye Yang'®, Yu-Qin Pan? Min Wang*", Song Gu*''® and Wei Bao""'

Abstract

Purpose The study retrospectively analyzed the accuracy and predictive ability of preoperative integrated whole-
body "8F-FDG PET/CT for the assessment of high-risk factors in patients with endometrial carcinoma (EC).

Materials and methods A total of 205 patients with endometrial cancer who underwent preoperative PET/CT at
Shanghai General Hospital from January 2018 to December 2021 were retrospectively evaluated and last follow-up
was June 2023. Our study evaluated the ability and optimal cutoff values of three metabolic and volumetric
parameters—standardized uptake value (SUV), metabolic tumor volume (MTV) and total lesion glycolysis (TLG)—to
predict deep myometrial invasion (DMI), endocervical stroma invasion (ESI) and lymph node metastases (LNM) in
endometrial cancer. The accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of PET/CT were used to assess the diagnostic performance for the prediction.

Results Our study demonstrated a significant relationship between SUVmax (11.29, 17.38,9.47), SUVmean (5.20, 6.12,
4.49), MTV (38.15, 36.28,33.79 ml), and TLG (199.30, 225.10, 156.40 g) on PET/CT and histologically confirmed DM,
ESIand LNM in endometrial carcinoma (EC), with sensitivity, specificity, accuracy, PPV, and NPV of 100%/100%/100%,
96.53%/98.89%/87.14%, 97.569%/99.02%/91.22%, 92.42%/92.85%/78.31%, and 100%/100%/100%, respectively. Our
study showed a risk model based on optimal cutoff values for MTV and TLG of 19.6 ml/126.3 g, 20.54 m!/84.80 g and
24 ml/49.83 g to preoperatively predict DMI, ESI, and LNM, respectively, in endometrial carcinoma. The 4-year OS (HR)
for Stage IA, IB, Il, lll and IV according to 2009 FIGO was 98.00% (0.22), 95.20% (0.04), 83.90% (0.18), 90.50% (0.09) and
60% (0.51). Accordingly, estimated 4-year DFS (HR) for the stage IA-Ill was 98% (0.02), 95.20% (0.05), 76.90% (0.27) and
76.30% (0.35), all the patients in stage IV occurred recurrence and progression.
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Graphic Abstract
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Conclusion The present study showed patients with MTV>=19.6 ml of Ml and PET- positive LN with MTV
cutoff>=24 ml tended to predict poor OS and PFS in endometrial carcinoma. The cutoff of MTV and TLG in PET/CT
assessment could be an independent prognostic factors to predict aggressive forms of EC.

‘ EC Patients (n=205) }

|

Stage IVA (n=6)

|

Stage IA (n=105)Stage IB (n=100)

} }

Stage IVB (n=4)

| |

‘ TH+BSO ‘

®

Allocation

Pathology

Histological Type ESI (n=26)

Endometrioid (n=172) MI (n=130)

Serous (n=15) <50% (n=61) >=50% (n=69)
Clear Cell (n=8) SLN (n=25)

l

Cutoff Value
MTV(ml) TLG(g)
DMI 19.6 126.3
ESI 20.54
LNM 24

®

Result 84.80

49.83

Total lesion glycolysis (TLG), Deep myometrial invasion (DMI)
\metastases (LNM)

TH+BSO+lymphadenectomy (n=195)
Laparoscopy (n=151) Robotic (n=34) Open surgery (n=16)

PLND-LNM (n=65) PALND-LNM (n=7)

Keywords Endometrial cancer, '®F-FDG PET/CT, Standardized uptake value (SUV), Metabolic Tumor volume (MTV),
, Endocervical stroma invasion (ESI), Lymph node

Diagnostic Curettage

ESI (n=28)

MI (n=122)

<50% (n=66) >=50% (n=56)
PLND-LNM (n=83)

l

>=50%MI ESI LNM
SUVmax 11.29 17.78 9.47
MTV 38.15 36.28 33.79

TLG 199.30 225.10 156.40

Introduction

There would be 66, 200 new endometrial cancer (EC)
cases in 2023, with an estimated13,030 female deaths
[1], with 250 more cases and 480 more deaths than in
2022. The 5-year progression free survival (DFS) gradu-
ally decreased in EC patients with stage I/II, III/IV,
recurrence, and metastasis: 74.2-90.8%, 57.3—66.2%,
20.1-25.5%, and 16% [2]. According to the NCCN guide-
lines, patients with high-risk prognostic factors, includ-
ing deep myometrial invasion (DMI) or endocervical
stroma invasion (ESI) [3], should undergo systemic pel-
vic lymphadenectomy and removal of any enlarged or
suspected para-aortic lymph node (PALN) [4]. Although
accurately identifying the location of metastatic lymph
nodes is essential to limit the surgical resection rate and
avoiding excessive resections, for patients with early well-
differentiated endometrial adenocarcinoma, the Gyne-
cology Oncology Group (GOG) study showed that the
overall risk of pelvic and para-aortic lymph node metas-
tasis was 1-9% [5, 6], and routine systemic lymphad-
enectomy did not significantly improve survival but did
increase the incidence of complications [7]. On the other
hand, for patients undergoing fertility-sparing treatment,

who undergo systematic evaluation by preoperative
imaging for whether the tumor is limited to the endome-
trium, the existence of DMI and ESI has become particu-
larly important [8].

The 2023 NCCN guidelines [4] and the American Col-
lege of Radiology Imaging Network (ACRIN) suggested
imaging scans to assist the diagnosis and treatment of
endometrial cancer, since the metabolic abnormali-
ties of tumors usually occur earlier than morphologi-
cal changes; thus, morphological imaging methods like
computed tomography (CT) and contrast-enhanced (CE)
magnetic resonance imaging (MRI) have limitations in
distinguishing whether the local morphological abnor-
mality came from postoperative or postradiotherapy
scars or tumor recurrence or from the omission of small
metastatic lesions, resulting in false negative diagnoses
or in judging lymph nodes as reactively enlarged, caus-
ing false-positives diagnoses [9, 10]. Interpreted whole-
body !'*fluorodeoxyglucose ('®F)-fluoro-deoxy-glucose
(FDG) positron emission tomography (PET) combined
with computed tomography (CT) (**F-FDG-PET/CT)
scanning is a molecular function imaging technology
based on the glucose metabolism of tissue cells using
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the principle of positron radioactive tracing. It could be
proposed for staging endometrial cancer, achieving high-
sensitivity metabolic functional imaging with PET and
high-resolution anatomical morphology imaging with
CT [11].

The quantitative metabolic parameter standardized
uptake value (SUV) was normalized by a region of inter-
est (ROI) to patient weight, which represents the distribu-
tion of tracer uptake. The maximum standardized uptake
value (SUVmax) represents the highest metabolic activ-
ity point in the tumor [12]. Generally, SUVmax>2.5 is an
independent prognostic risk factor for malignant lesions
[13]. However, the accuracy of SUV for the detection
of lymph node metastasis (LNM) is controversial since
BE_FDG is not a specific tracer for malignant tumors;
it is absorbed and metabolized by granulation tissue or
macrophages during inflammation [14]. Other volumet-
ric metabolic parameters, such as metabolic tumor vol-
ume (MTV) and total lesion glycolysis (TLG), are used to
measure the total metabolic tumor burden of the patient
in the entire tumor volume [15]. Both can generate the
optimal cutoff point of imaging parameters through the
receiver operator characteristic curve (ROC).

While the sensitivity and specificity of conventional
PET/CT to detect positive lymph nodes were 72.3% and
92.9%, they were 95.7% and 95.4% for revealing extrauter-
ine metastatic disease, respectively [16—18], with results
possibly affected by lesion size, diffuse distribution, dif-
ferentiation degree and survival of tumor cells [19]. Thus,
it is difficult to form a precise standard cutoff point for
PET/CT prediction parameters. The primary objective
of the current study was to retrospectively analyze the
predictive ability of three metabolic tumor parameters
(SUVmax, MTV and TLG) from "*F-FDG PET/CT and
to explore the best cutoff value as a prediction model
to estimate prognostic factors of endometrial cancer,
including DMI, ESI, and LNM, to accurately diagnose
clinical-pathological staging.

Materials and methods

Study subjects and inclusion criteria

A total of 205 patients with pathologically proven diagno-
ses of endometrial cancer with no fertility-sparing desire
were enrolled in this study from January 2018 to Decem-
ber 2021. The histological subtype complies with the
5th edition World Health Organization (WHO) Women
Reproductive organ tumor classification [20]. All patients
of EC underwent classical surgical staging by abdominal
or minimally invasive surgical approach hysterectomy
(TH) / bilateral salpingo-oophorectomy (BSO) and with
or without surgical staging including pelvic lymphad-
enectomy or para-aortic lymphadenectomy under gen-
eral anesthesia by gynecological oncologists. A minimally
invasive operation was performed with traditional or
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robotic assistance laparoscopy, and para-aortic lymph-
adenectomy was conducted on patients with high-risk
endometrial cancer. Another 42 postmenopausal women
suspected endometrial cancer by curettage and under-
went TH/BSO while postoperative pathological diagno-
sis confirmed as endometrial atypical hyperplasia (EAH)
were included as control group. This retrospective study
was approved by the institutional review board (IRB).

Exclusion criteria

Patient treated with neo-adjuvant therapy or patients
who are unable to undergo TH/BSO and surgical stag-
ing due to severe internal and external diseases: [1] Renal
function damage; [2] Adrenal dysfunction; [3] Deep
vein thrombosis or pulmonary embolism, thrombotic
heart valve disease or thrombotic heart rhythm disease;
[4] Inherited or acquired hypercoagulable diseases; [5]
Serious cerebrovascular disease and stroke; [6] Severe
coronary heart disease or myocardial infarction; [7]
Uncontrolled hypertension; [8] Severe diabetes with vas-
cular disease.

Study setting

Whole-body ®F-FDG PET/CT was performed within 2
weeks of surgery in all patients before undergoing sur-
gery. EC Patients were staged according to the FIGO
2009 criteria (Supplementary Table 1). The primary
tumor lesion, histological subtype and grade, lymph-
vascular space invasion (LVSI), depths of MI, ESI, and
pelvic LNM were evaluated by two independent patholo-
gists. Myometrial invasion less than 50% were defined as
superficial myometrial invasion (SMI), while more than
50% was defined as deep myometrial invasion (DMI). ESI
was regarded as invasion of cervical stroma. Clinical data
with demographic characteristics (e.g., age, menopausal
status, BMI) were recorded. Patient follow-up data have
been collected from patient records individualized with
the responsible gynecologists. Standard-of-care follow-
up is clinical examinations quarterly during the first 2
years and biannually until 5 years after primary diagno-
sis. Progression was defined as local recurrence/progres-
sion in the pelvis or new metastases in the abdomen or
at distant locations. For overall survival (OS), time was
calculated as time from surgery to death. For disease
free survival (DFS), time was calculated from surgery to
recurrence or death.

'8F-FDG PET/CT imaging protocol and image analysis

Whole-body F-FDG PET/CT was performed on a GE
Discovery STE16 True Point scanner, with the scan range
covering the skull base to the mid-thigh (General Elec-
tric Company, GE, USA). All patients fasted for at least
6 h prior to scanning and had an i.v. injection of 0.1 mCi
BE_FDG per kg of body weight. The required serum
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blood glucose<200 mg/dL. Patients drank 1.5 L of oral
contrast agent and emptied their bladder during the
50-minute waiting period. PET/CT precisely scanned
from the orbits to proximal thighs based on individual
patient parameters. The PET protocol comprised five to
six bed positions (3 min each) with a 20-min duration
and was then reconstructed with CT images.

Maximum intensity projection and cross-sectional
images after a 50-min uptake period were used to evalu-
ate PET/CT images on the Segami Oasis workstation.
Two independent radiological physicians, blinded to the
clinical or pelvic MRI findings, made a diagnosis of the
position of the primary tumor and tumor extension into
the myometrium, cervical stroma, adnexa, vagina, uri-
nary bladder or rectum mucosa as well as pelvic lymph
nodes on PET/CT images, and a score of 1-4 indicated
no disease to definite disease.

'8F-FDG-PET/CT imaging parameters

Imaging parameters including lesion of the primary EC
tumor, depth of MI, ESI, and LNM were assessed using
bidimensional measurements. Volumetric parameters
such as metabolic tumor volume (MTV) and total lesion
glycolysis (TLG) were calculated. MTV is a volumet-
ric measurement by semiautomatic boundary delinea-
tion methods, calculated by volume of interest (VOI),
using a specific threshold value of SUV>2.5. TLG is
defined as the product of the mean standardized uptake
value (SUVmean) and MTV. Optimal cutoff values for
MTYV and TLG were identified from the receiver oper-
ating characteristic (ROC) curves using the Youden
index for predicting DMI, ESI and LNM. '®F-FDG avid-
ity of the tumor was assessed using metabolic param-
eters as the SUVmax and the mean standardized uptake
value (SUVmean) measurements based on SUV levels in
healthy background tissue. SUVmax was calculated by
tissue radioactivity (injection dose or weight of subject),
while increased '8F-FDG uptake with SUVmax>2.5 was
defined as tumor lesion and metastasis. Furthermore, the
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and false-negative rate
(FNR) were used for the detection of prognostic indica-
tors. The prognostic value of the imaging parameters was
explored using the Kaplan-Meier with log-rank test with
hazard ratios (HRs) by OS and DFS.

Statistical analysis

Analyses were performed in SPSS 27.0 (IBM Corp. SPSS
Inc, Armonk, NY, USA). Descriptive statistics of cut-
off values, maximum SUV, mean SUV, MTV, and TLG
were recorded. Distributed continuous and categori-
cal data were generated by T tests, Fisher, Fisher’s exact
tests and chi-square tests and are reported as the means
and SD. Abnormally distributed data were analyzed by
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the Mann—Whitney U test and Kruskal-Wallis test and
are reported as the median and range. OS, DFS and HR
were analyzed by the Kaplan Meier and Cox regression.
The statistical significance of differences in DMI, ESI and
LNM as determined by PET/CT sensitivity, specificity,
accuracy, PPV and NPV were compared by McNemar’s
test. The association between SUVmax, MTV and TLG
in DMI, ESI and LNM was analyzed by Pearson correla-
tion with a 95% exact binomial confidence interval (CI).
A P value less than 0.05 generated by two-sided tests was
considered statistically significant.

Results

Demographics and patient treatment

A total of 205 patients with endometrial cancer were
enrolled in the current study between January 2018
to December 2021. All patients were treated accord-
ing to the NCCN guidelines for endometrial cancer.
The patients’ demographic characteristics are shown in
Table 1. Mean (range) follow-up time for survivors was
51.05+£5.00 (23-61) months and date of last follow-
up was June 2023. The mean age was 58 years (35-87
years), and the mean BMI was 24.69 kg/m? (range,
18.20-30.00 kg/m?). According to the 2009 Interna-
tional Federation of Gynecology and Obstetrics (FIGO)
criteria, 4 additional IVB patients underwent diagnostic
curettage due to widespread liver, lung and bone metas-
tasis. The histological diagnoses of these four patients
were based on uterine biopsies and recorded FIGO stage
on findings from diagnostic imaging. Apart from 6 IVA
patients, including 5 with bladder mucosa metastasis, 2
patients with bowel mucosa metastasis underwent TH/
BSO, and the remaining 195 (95.12%) patients under-
went primary surgical resection with TH/BSO plus sen-
tinel/pelvic/para-aortic lymphadenectomy. Regarding
the surgical approach, a total of 185 patients (90.24%)
underwent minimally invasive surgery—laparoscopy in
73.66% (151/205) and robotic in 16.59% (34/205)—and
16 patients (7.80%) underwent open surgery. Retroperi-
toneal para-aortic lymph node dissection was performed
either via a laparoscopic approach and robotics platform
or open surgery. Adjuvant therapy was given in 50.73%
(104/205) of the patients, including radiation in 50.73%
(104/205), chemotherapy in 40.98% (84/205), and hor-
monal treatment in 5.85% (12/205) of the patients.

Surgico-pathological features

On final pathology, 105 patients (49.75%) were diagnosed
with early stage IA, and the remaining 100 patients were
diagnosed with stage IB, 21 (10.24%) and higher: stage II:
13 (6.34%), stage I1I: 59 (28.78%), and stage IV: 10 (4.88%).
LVSI was depicted in 36.59% of patients (75/205). The
percentages of tumor differentiation divided into grade 1,
2, and 3 tumors were 43.90% (90/205), 25.37% (52/205),
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Table 1 Patient characteristics and surgicopathological findings in 205 endometrial cancer patients

Demographic characteristics Results

Age, mean (range) 58 (35-87)
BMI, mean (range) 24.69

Postmenopausal, n (%)
Treatment

Hysterectomy and bilateral salpingooophorectomy
Sentinel lymphadenectomy
Pelvic lymphadenectomy
Para-aortic lymphadenectomy
diagnostic curettage
Surgical approach

Open surgery

Minimally invasive surgery
Laparoscopy

Robotic

Adjuvant therapy
Radiotherapy
Chemotherapy

Hormonal

2009 FIGO stage, n (%)
Stage 1A

Stage IB

Stage I

Stage llIA

Stage IlIB

Stage IlIC1

Stage IlIC2

Stage IVA

Stage IVB

2009- (convert to) 2023 FIGO
IA-IA1

IA-IA2

IA-IC

IA-IB

IA-IC

IB-1B

1B-IIC

[I-11A

II-1IB

[I-1C

NA-IIAT

IIIA-II1A2

[11B-1IB1

[11B-11B2

HNC1-ICTi

MCT-MCii

NC2-NC2i

NC2-NC2ii

IVA-IVA

IVB-IVB

Mean follow-up period
Progression

Follow-up Metastatic Site

(18.20-30.00)
131 (63.90%)

6 (2.93%)

25 (12.20%)
131 (63.90%)
39 (19.02%)
4 (4.88%)

16 (7.80%)
185 (90.24%)
151 (73.66%)
34 (16.59%)
104 (50.73%)
104 (50.73%)
84 (40.98%)
12 (5.85%)

102 (49.75%)
21 (10.24%)
13 (6.34%)

9 (4.39%)

7 (341%)

36 (17.56%)
7 (341%)

6 (2.93%)

4 (1.95%)

48
42
2
3
6
10
1
10
1

- N — 00 w

A O — O b

23(11.22%)
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Table 1 (continued)
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Demographic characteristics

Results

Bladder mucosa

Bowel mucosa

Pelvic Lymph nodes
Para-aortic lymph nodes

Liver

Lung

Bone

Histologic subtype, n (%)
Endometrioid
Non-endometrioid

serous

clear cell carcinoma

Histologic grade, n (%)

Grade 1

Grade 2

Grade 3

LVSI

Myometrial invasion, n (%)
<50%

>50%

Cervical stroma invasion, n (%)
No

Yes

Pelvic Lymph node metastases, n (%)
No

Yes

Paraaortic lymph node metastases, n (%)
No

Yes

w N = w N W BN

172 (88.78%)
23 (11.22%)
15 (7.32%)

8 (3.90%)

90 (43.90%)
52 (25.37%)
63 (30.73%)
75 (36.59%)

61 (29.76%)
69 (33.66%)

177 (86.34%)
26 (12.68%)

66 (50.38%)
65 (49.62%)

32 (82.05%)
7 (17.95%)

The histological subtype complies with the 4th edition World Health Organization (WHO) Women Reproductive organ tumor classification, 2020. Histologic grade
was divided into Grade 0: Grade cannot be assessed, Grade 1, G1: Well differentiated, Grade 2, G2: Moderately differentiated, Grade 3, G3: Poorly differentiated or

undifferentiated

and 30.73% (63/205), respectively. The most common
histological type was endometrioid (172, 88.78%), fol-
lowed by serous (15/205, 7.32%) and clear cell carcinoma
(8/205, 3.90%). MI was detected in 29.76% (61/205) or
33.66% (69/205) of patients. ESI was observed in 12.68%
(26/205) of patients. Pelvic lymph node dissection
(PLND) was performed in 131 patients (95%, 131/205)
and revealed LNM in 49.62% (65/131) of the patients,
while paraaortic lymph node dissection (PALND) was
conducted in 39 patients (19.02%) and revealed paraaor-
tic LNM in 17.95% (7/39). Another 25 patients (12.20%)
underwent sentinel lymphadenectomy (SLN). (Table 1).

Re-categorized according to 2023 FIGO staging

In 2023, the new FIGO staging system incorporates com-
prehensive clinical, surgical, histopathological, TNM
(Tumor, Lymph Node, Metastasis), prognostic high-risk
factors, and molecular subtyping for staging EC [21]. We
re-categorized patient previously staged according to
the 2009 FIGO system according to 2023 FIGO staging

system. Since 2023 FIGO EC Staging, non-aggressive his-
tological types are only composed of low-grade (grade 1
and 2) EECs, other types like high-grade EECs (grade 3),
serous or clear cell were all defined as aggressive histo-
logical types. Furthermore, LVSI were also distinguished
with no/focal or extensive/substantial. Thus, the adjust-
ment of the EC Staging from 2009 to 2023 were: IA-
IA1(N=48), IA-IA2 (N=42), IA-IC (N=2), IA-IIB (N=3),
IA-IIC (N=6), IB-IIC (N=11). (Table 1) (Supplementary
Table 1).

OS and DFS

Kaplan-Meier estimated 4-year OS (HR) for Stage IA, IB,
II, III and IV according to 2009 FIGO was 98.00% (0.22),
95.20% (0.04), 83.90% (0.18), 90.50% (0.09) and 60%
(0.51). Accordingly, estimated 4-year DFS (HR) for the
stage IA-IIT was 98% (0.02), 95.20% (0.05), 76.90% (0.27)
and 76.30% (0.35), all the patients in stage IV occurred
recurrence and progression (Fig. 1).
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Fig. 1 OS and DFS according to 2009 EC FIGO Staging. (A) Cumulative survival analysis of OS; (B) Cumulative Risk of HR for OS; (C) Cumulative survival

analysis of PFS; (D) Cumulative Risk of HR for PFS.

Table 2 Parameters of diagnostic performance on a per-patient
basis

Surgico-patho- MTVvs.SUVmax  TLGvs.

logical features SUVmax

DMI Pearson r 0.2896 04611
95% Cl 0.02893t00.5134  0.2256 to 0.6457
P 0.0304 0.0003

ESI Pearson r 04441 04793
95% Cl 0.34351t0 0.8151 0.5626 t0 0.8897
P <0.0001 <0.0001

LNM Pearson r 0.6352 0.7734
95% Cl 0.2526 t0 0.6021 0.2940 t0 0.6299
P <0.0001 <0.0001

DMI: Deep Myometrial invasion, ESI: Endocervical stroma invasion, LNM: Lymph
node metastases

Association between PET/CT Tumor parameters and
surgico-pathological features

Upon comprehensive PET/CT analysis of and review of
the 205 patients’ histopathological results, 83 patients
(40.49%) had LNM, 28 patients (13.66%) had ESI, and 122
patients (59.51%) had MI, among SMI was detected in
32.20% (66/205) and 27.32% (56/205) of patients. There
was a significant difference between DMI, ESI and pelvic
LNM and SUVmax, SUVmean, MTV and TLG (P<0.01).

Additionally, a significant association between SUV-
max vs. MTV and SUVmax vs. TLG in DMI (R=0.2896,
P=0.0304; R=0.4611, P=0.0003), ESI (R=0.4441,
P<0.0001, R=0.4793, P<0.0001) and LNM (R=0.6352,
P<0.0001, R=0.7734, P<0.0001) was observed (Table 2).

Difference of metabolic parameters in PET/CT between EC
and EAH patients

Next, we compared metabolic parameters in PET/CT
between EC and EAH patients’ myometrium, SUVmax
(7.04 vs. 1.81), SUVmean (3.32 vs. 1.22), MTV (27.74
vs. 14.67), TLG (106.60 vs. 17.92), endocervical stroma:
SUVmax (4.04 vs. 1.29), SUVmean (2.07 vs. 0.77), MTV
(16.29 vs. 11.52), TLG (47.01 vs. 8.88), and lymph node
SUVmax (4.85 vs. 1.06), SUVmean (2.68 vs. 0.72), MTV
(23.22 vs. 6.95), TLG (77.03 vs. 5.05). There was a sig-
nificant difference in metabolic parameters in PET/CT
on myometrium, endocervical stroma and lymph node
between EC and EAH patients (P<0.01) (Table 3).
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Table 3 Difference in metabolic parameters in PET/CT on myometrium, endocervical stroma and lymph node between EC and EAH

patients
SUVmax SUVmean MTV TLG p-value

Myometrium EC 7.04+0.34 332+0.12 2774067 106.60+543 <0.01
EAH 1.81+£0.08 1.22+0.06 14.67+0.52 17.92+1.20

Endocervical stroma EC 4.04+0.38 2.07+0.12 16.29+0.64 47.01+£524 <0.01
EAH 1.29+0.05 0.77 +0.04 11.52+£0.54 8.88+0.63

Lymph node EC 4.85+0.30 268+0.13 23.22+0.73 77.03+542 <0.01
EAH 1.06+0.02 0.72+0.04 6.95+027 505+035

Prediction of myometrial and endocervical stromal
invasion and regional lymph node metastasis by
preoperative imaging parameters

Ml detection

The mean SUVmax and SUVmean of MI patients were
significantly higher than those of patients who did not
have MI (SUVmax value 10.75 vs. 1.58, SUVmean value
4.59 vs. 1.46, P<0.01). The mean SUVmax and SUVmean
of DMI patients were significantly higher than SMI
patients (SUVmax value 11.29 vs. 10.29, SUVmean value
5.20 vs. 4.08, P<0.01). The mean MTV and TLG values of
patients who had myometrial invasion and did not have
invasion were 34.68 vs. 17.55 ml and 161.60 vs. 25.71 g,
respectively. The MTV and TLG cutoft values for MI
were calculated to be 25.51 ml and 70.74 g, respectively,
with a sensitivity and specificity yield of 100% (AUC=1,
P<0.01). The mean MTV and TLG values of patients
who had SMI and DMI 50% were 31.73 vs. 38.15 ml and
199.30 vs. 129.60 g, respectively. ROC curve analysis cal-
culated an MTV cutoff value of 19.6 ml for identifying
SMI and DMI (AUC=0.8643, sensitivity=43.94%, speci-
ficity=100%, 95% CI 0.8025-0.9261, P<0.01). The TLG
cutoff value was 126.3 g for SMI and DMI (AUC=0.9099,
sensitivity=45.45%, specificity=100%, 95% CI 0.8605-
0.9593, P<0.01) (Fig. 2) (Table 4) (Supplementary Table
2).

PET/CT understaged MI in 8 patients and DMI in 13
patients, and it over-staged SMI in 5 patients. Param-
eters of diagnostic performance including true positive
(TP), true negative (TN), false-positive (FP), false nega-
tive (FN), sensitivity [(TP/TP+FN)*100%], specificity
[(TN/FP+TN)*100%], accuracy [(TP+TN)/N*100%],
positive predictive value (PPV) [(TP/TP+FP)*100%], and
negative predictive value (NPV) [(TN/FN+TN)*100%]
of PET/CT on a per-patient basis are shown in Table 4.
The sensitivity of PET/CT to detect MI was 93.85%, and
the specificity was 100%, with an accuracy of 96.10% with
a PPV of 100% and an NPV of 90.36%. The sensitivity of
PET/CT to detect SMI and DMI was 100% vs. 81.16%,
and the specificity was 96.53% vs. 100%, accuracy 97.56%
vs. 93.66%. The PPV and NPV were 92.42% vs. 100% and
100% vs. 91.28%, respectively (Fig. 2) (Table 4) (Supple-
mentary Table 2).

Endocervical stroma invasion (ESI)

The mean SUVmax and SUVmean in patients who had
ESI were significantly higher than those in patients who
did not (SUVmax value 17.38 vs. 1.92, SUVmean value
6.12 vs. 143, P<0.01). The mean MTV and TLG of
patients who had ESI and did not have ESI were 36.28
vs. 13.13 ml and 225.10 vs. 18.84, respectively (P<0.01).
Using MTV cutoft values for predicting ESI, MTV >20.54
ml vyielded significantly higher specificity (100%) and
specificity (92.86%). The TLG cutoff value was 84.80 g
for ESI (AUC=0.9895, sensitivity=100.00%, specific-
ity=96.43%, 95% CI 0.9690-1.000, P<0.01). PET/CT
over-staged ESI in 2 patients. The sensitivity of PET/CT
to detect ESI was 100%, the specificity was 98.89%, and
the accuracy was 99.02%. The PPV and NPV were 92.85%
and 100.0%, respectively (Fig. 2) (Table 4) (Supplemen-
tary Table 2).

Pelvic lymph node Metastasis (LNM)

For patients with negative and positive pelvic lymph
nodes, the SUVmax and SUVmean were 1.72/1.44 vs.
9.47/4.49, respectively, and the mean MTV was 16.03 and
33.79, respectively. MTV vyielded a cutoff value for pelvic
lymph node positivity of 24 ml (AUC=0.9705, sensitiv-
ity=100%, specificity=92.77%, 95% CI 0.9421-0.9989,
P<0.01). TLG was 23.02 and 156.40 between patients
with negative and positive pelvic lymph nodes, respec-
tively, and the TLG cutoff value was 49.38 g for lymph
node positivity (AUC=0.9642, sensitivity=100.00%,
specificity=93.98%, 95% CI 0.9294-0.9989, P<0.01).
PET/CT over-staged the pelvic LNM in 18 patients. The
sensitivity of PET/CT to detect pelvic LNM was 100%,
the specificity was 87.14%, and the accuracy was 91.22%.
The PPV and NPV were 78.31% and 100.0%, respectively
(Figs. 2 and 3) (Table 4) (Supplementary Table 2).

Prediction of progression-free survival by preoperative
imaging parameters

Patient follow-up was performed according to clini-
cal examinations quarterly during the first 2 years
and biannually until 5 years after primary diagnosis.
The mean (range) follow-up time for survivors was 33
(20-44) months, and the date of last follow-up was 16
August 2021. In total, 14 out of the 205 (6.83%) patients
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Fig.2 Lymph node metastasis (LNM) positivity and negativity calculated by PET/CT based on ROC curve analysis in 205 patients with endometrial cancer
(A). MTV (B). TLG, myometrial invasion >50% and <50% (C). MTV, (D). TLG, cervical interstitial invasion (E). MTV, (F). Best cutoff point of TLG; ordinate,

sensitivity, abscissa, specificity;

experienced progression among patients primary staged
as FIGO III-IV according to disease assessment adopts
(Response Evaluation Criteria in Solid Tumor, RECIST,
version 1.1). In total, 23 out of the 205 (11.22%) patients
experienced progression, Among these patients’ meta-
static lesions: bladder mucosa (n=11), bowel mucosa
(n=4) 3, pelvic lymph nodes (n=2), para-aortic lymph
nodes (n=3), liver (n=1), lung (n=7), bone (n=3).

(Table 1). A total of 5 patients suffered myocardial infarc-
tion and 2 died of pulmonary embolism. There was a
relationship between cutoff of MTV and survival. When
adjusting for preoperative high-risk status of MI, Patients
with MTV>=19.6 ml tended to predict poor OS and PFS
with univariate hazard ratios (HRs) of 1.312 (p=0.3766)
and 2.210 (p=0.0758), PET- positive LN with MTV
cutoff>=24 ml remained significantly associated with
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decreased DFS (HR=2.178, p=0.0065), and decreased
OS (HR=2.309, p=0.0588), respectively (Fig. 4) (Supple-
mentary Table 2).

Discussion

PET/CT could evaluate patients with endometrial can-
cer before surgery and is currently an important refer-
ence for the establishment of surgical procedures and
adjuvant therapy [22, 23]. PET/CT-derived parameters
need to be confirmed in combination with preoperative
metabolic and volumetric biomarkers for better predic-
tion of high-risk factors [12]. The metabolic parameter
SUVmax value with the highest metabolic activity point
in the tumor was an independent prognostic factor for
MI and lymph node positivity in *F-FDG-PET/CT [24,
25]. Furthermore, the volumetric parameters MTV and
TLG can demonstrate tumor volume burden, which
can achieve more precise prognosis prediction than

SUVmax. Previous differences in the diagnostic accu-
racy of preoperative SUV, MTV and TLG detected on
whole-body PET/CT have been achieved for the different
patient cohort studies of EC [26]. The median SUVmax
with 95% CI of DMI, ESI, and LNM was 16.6(14.4-18.1),
15.9(12.3-19.0), and 17.9(12.1-25.0), while MTV was 26
[22-37], 27(16—43) and 43(28-101), respectively, based
on a large population-based study with 215 and 287 EC
patients [19, 27]. MD Anderson enrolled 108 EC patients
to detect positive lymph nodes and peritoneal disease,
and the specificity, specificity, PPV, NPV and EN of PET/
CT were 45.8%, 91.1%, 61.1%, 84.7% and 54.2% vs. 37.5%,
97.8%, 75%, 90.0% and 62.5%, respectively. The median
peak SUV, SUV3 and MTV were 15.9 vs. 12.5, 25.5 vs.
31.8, and 9.6 vs. 19.6, respectively, with negative and pos-
itive lymph nodes [28]. One multicenter study including
1431 patients in China revealed that the overall sensitiv-
ity, specificity, AUC and accuracy of PET/CT in detecting
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Fig.4 PET/CTimages of endometrial cancer including trans-axial CT, fused PET/CT images of the lower abdomen revealed that intense 18 F-FDG uptake
in the uterine and ovary cavity. A., A 54-year-old female patient with histologically confirmed endometrial adenocarcinoma in FIGO |A Stage, intrauterine
lesions SUVmax 5.5; B. A 47-year-old female patient with histologically confirmed endometrial adenocarcinoma in Stage IA, intrauterine lesions range
4.1%1.7 cm? with SUVmax 8.3. C. A 47-year-old female patient with histologically confirmed endometrial adenocarcinoma in Stage I, lesions on right
ovary is range 6.8 x 4.6 cm? with SUVmax 18.9 and intrauterine lesions SUVmax 17.0. D. A 58-year-old female patient with histologically confirmed en-
dometrial serous carcinoma, intrauterine lesions rang 2.8%2.0%4.9 cm  with SUVmax 15.5, along with endocervical stroma lesions diameter 2.3 cm and
SUVmax 4.1
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LNM were 0.68 (95% CI 0.63-0.73), 0.96 (95% CI 0.96—
0.97), 0.82, and 0.75, respectively. The corresponding
indices for detecting PALN metastasis were 0.70 (95% CI
0.58-0.79), 0.92 (95% CI 0.9-0.94), 0.84, and 0.77, respec-
tively [29]. Our study was basically in line with previous
studies, we identified a significant difference in PET/CT
parameters of SUVmax, SUVmean, MTV, TLG on M],
ESI, and LNM between EC and EAH patients (P<0.01).

Mapelli P [30] investigated 57 patients and concluded
TLG 40-50-60 and MTV 60 of primary EC have prog-
nostic value in discriminating FIGO. Maria Picchioa [31]
focused on high-risk EC patients and concluded the over-
all PET/CT patient-based sensitivity, specificity, positive
predictive value, negative predictive value and accuracy
were 57.1, 100.0, 100.0, 86.4, and 88.5%, respectively. We
demonstrated a significant relationship between meta-
bolic parameters (SUVmax, SUVmean) and volumet-
ric parameters (MTV, TLG) and MI, ESI, and LNM on
PET/CT (P<0.01) in 205 patients including all staging
as well as histological type and grade. We detected SUV-
max, SUVmean, MTV and TLG to predict DMI, ESI and
pelvic LNM with sensitivity, specificity, accuracy, PPV,
and NPV 100%/100%/100%, 96.53%/98.89%/87.14%,
97.56%/99.02%/91.22%, 92.42%/92.85%/78.31%,
100%/100%/100%, respectively.

Since the parameters SUVmax, MTV and TLG are
affected by tumor volume, tissue uptake of F-FDG, tis-
sue proliferation after radiotherapy, etc., using cutoff
values to predict LNM and aggressive disease can be a
comprehensive and valuable technique in EC treatment.
Fasmer et al. calculated that MTV>27 ml with an ROC
curve yielded 70-74% specificity, 75% accuracy, and an
odds ratio of12.2 and was significantly associated with
reduced progression-free survival (HRs=1.003, p<0.01)
based on a large population-based study [19]. Mehmet
et al. summarized 44 EC patients and revealed MTV and
TLG cutoff values yielding 19.6 ml and 90 g for early-
stage EC, 14.3 ml and 173.4 g for MI, and 29.7 ml and
283.1 g for LNM, respectively. They also observed MTV
was also observed as a significant prognostic factor for
DES time with an inverse proportion. Longer DFS time
was observed in patients with lower MTV [32, 33].

Compared with the previous studies investigated cut-
off values of MTV and TLG separately on metastatic
site, we fully assessed the optimal cutoff values for MTV
and TLG to predict DMI, ESI, and LNM preoperatively
in EC patients based on a retrospectively large sample.
The cutoff for MTV and TLG on DM, ESI, and LNM in
our study were 19.6 ml/126.3 g, 20.54 ml/84.80 g and 24
ml/49.83 g, which yielded significantly higher specific-
ity (P<0.01) and accuracy (P<0.01) based on the ROC
curves. Both MTV over 19.6 ml in DMI and over 24ml
in LNM were significantly associated with decreased OS
and DFS time. We expect to use the new observation of
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the above cutoff value as the risk model for endometrial
cancer to judge high-risk factors in future prospective
research.

In 2021, the European Society of Gynecological
Oncology (ESGO) /European Society for Therapeu-
tic Radiation Oncology(ESTRO)/European Society of
Pathologists(ESP) [34] recommend ProMisE typing
molecular testing for all EC patients: p53 abnormality
(p53 abn), POLE exonuclease domain mutation (POLE
EDM, or POLE mut), mismatch repair deficient (MMRd)
and non-specific molecular profile (NSMP) [35]. In 2023,
the new FIGO staging system incorporates comprehen-
sive clinical, surgical, histopathological, TNM (Tumor,
Lymph Node, Metastasis), prognostic high-risk fac-
tors, and molecular subtyping for staging EC [21]. This
approach aims to be more closely aligned with clinical
practice, providing guidance for patient surgery, adju-
vant therapy, and prognosis assessment. Carolina Bezzi
[36] investigated the role of machine learning (ML)-
based classification using PET parameters in predicting
features of EC aggressiveness, aiming at supporting the
clinical decision-making process. Thus we would further
our search involving the accuracy and predictive abil-
ity of PET/CT for the assessment of high-risk factors in
EC patients according to 2023 new FIGO staging or use
machine learning (ML) in the future.

Conclucions

In the present study, PET/CT showed high sensitivity,
specificity and accuracy in the detection of DMI, ESI and
LNM, and clinicians may individualize therapy plans for
endometrial cancer patients according to the cutoff val-
ues of MTV and TLG to predict risk factors in EC preop-
eratively. However, this study has some limitations, being
retrospectively based on patients’ final histopathology
reports and the statistical p-values of differences in DMI,
ESI and LNM were not adjusted for multiple compari-
sons. Furthermore, since MRI parameters have synergic
role in preoperatively predicting MI, LVSI and LNM,
PET/MRI has good accuracy in preoperative staging of
EC [37]. Further prospective studies with more patients
and longer follow-up periods, or applying PET/MRI, are
needed to investigate the potential clinical utility of the
cutoff value and to verify the survival rate of patients.

Abbreviations

¥F-FDG Fluorine-18 fluorodeoxyglucose

ADC Apparent diffusion coefficient

ACRIN American College of Radiology Imaging Network
CE Contrast-enhanced

cT Computed tomography

@ confidence interval

DMI Deep Myometrial invasion

DFS Disease-free survival

EAH Endometrial Atypical Hyperplasia

ESI Endocervical stroma invasion
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FIGO The International Federation of Gynecology and Obstetrics
system

FNR False-negative rate

FP False positive

FN False negative

GOG Gynecology Oncology Group

HRs Hazard ratios

IRB Institutional review board

LNM Lymph node metastases

LVSI Lymph-vascular space invasion

MRI Magnetic resonance imaging

MTV Metabolic tumor volume

Ml Myometrial invasion

NPV Negative predictive value

oS Overall survival

PALND Paraaortic lymph node dissection

PET Positron emission tomography

PPV Positive predictive value

PLND Pelvic lymph node dissection

ROC Receiver operator characteristic curve

ROI Region of interest

SLND Sentinel lymph node dissection

SUV Standardized uptake value

SUVmax maximum standardized uptake value

SUVmean  Average of standardized uptake value
SMI Superficial myometrial invasion

TLG Total lesion glycolysis

TP True positive

TN True negative

VOl Volume of interest
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