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Abstract

Purpose To provide a substantial coverage on the role of 18F-FDG PET/CT in endometrial cancer (EC), and identify the key
issues which make its use recommended with both low level of evidence and low strength of recommendation in accordance
with the last consensus conference.

Methods A comprehensive literature computer search was performed on PubMed/MEDLINE and Cochrane Library data-
bases up to June 2020. Included studies had to focus on 18F-FDG PET/CT in EC, with regard to staging, follow-up and
prognostic value. Review guidelines, systematic review, meta-analyses and original papers were included.

Results The 18F-FDG PET/CT is affected by suboptimal soft tissue differentiation, with sensitivity and specificity in tumor
staging ranged from 77 to 85% and 79 to 96%. The sensitivity and the specificity of 18F-FDG PET/CT performed at staging
for lymph node metastases ranged from 63 to 73% and 96 to 97%. For distant metastases, sensitivity and specificity of 18F-
FDG PET/CT performed at staging ranged from 63 to 80% and 93 to 96%. After treatment, better performance emerged for
EC recurrent with sensitivity ranged from 92 to 98% and specificity ranged from 89 to 94%. Maximum standardized uptake
value (SUVmax) and metabolic volumetric parameters, such as total lesion glycolysis (TLG) and metabolic tumor volume
(MTYV), resulted to be significantly related to prognosis.

Conclusion Despite evidence-based data about the diagnostic performance are increasing, the low sensitivity represents the
main limitation of 18F-FDG PET/CT imaging utilization for the detection of primary tumor and lymph node metastases.
Better performances were observed for distant metastasis and EC recurrence. Further randomized prospective studies are
needed to increase both the low level of evidence and low strength of recommendation for using 18F-FDG PET/CT in EC.
Promising results emerged from PET/MRI.
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Introduction

Endometrial carcinoma (EC) is the most common gyneco-
logic malignancy in the developed country, and the inci-
dence is increasing [1]. The prognosis is mostly determined
by grade and stage. The International Federation of Gyne-
cology and Obstetrics (FIGO) and the American Joint Com-
mittee on Cancer TNM staging systems [2, 3] are the most
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imaging techniques would be beneficial in indicating a tai-
lored treatment.

The burden of malignancy affects surgery

The standard surgical approach consists of laparotomy, peri-
toneal washing, extrafascial hysterectomy, bilateral salpingo-
oophorectomy and partial colpectomy [7]. However, a wider
maximal surgical cytoreduction should be recommended
for patients with advanced EC [7]. In fact, Bristow et al.
reported that the median survival rate of patients undergoing
optimal surgery was 34.3 months, a statistically significant
advantage compared to patients with> 1 cm residual tumor
(11.0 months, P=0.0001) [8]. Therefore, for putative FIGO
stages III (local or regional tumor spread) and IV (distant
metastases and/or invasion of the bladder/bowel), surgical
treatment consists of the resection of tumor and metastatic
lesions [9].

Moreover, pelvic and para-aortic lymphadenectomy is
recommended for patients with suspicious nodes at surgi-
cal exploration and resulted efficient to increase overall sur-
vival (OS) in EC patients with high-risk for extra-uterine
disease and poor outcome [10]. Such risk factors include
macroscopic extrauterine disease, deep myometrial invasion
greater than 50% or G3 tumor grade. If a lymphadenectomy
is performed, systematic removal of pelvic and para-aortic
nodes up to the level of the renal veins should be considered
[11]. On the other hand, for low-risk EC surgical approach
is debated. In fact, in a prospective multicenter randomized
trial (NCT00482300), the 5-years disease-free survival
(DFS) and OS rates were similar between lymphadenec-
tomy arm (81% and 85.9%) and no-lymphadenectomy arm
(81.7% and 90.0%) in patients with preoperatively supposed
stage I-1I EC [12]. Moreover, lymphadenectomy in low-risk
EC could increase morbidity and cost of care without dis-
cernible benefits [13]. Interestingly, Dong et al. proposed a
prediction model to help clinicians in decision-making and
reduce overtreatment and medical costs [14].

Pre-surgical non-invasive imaging techniques

More effectively, non-invasive pre-surgical imaging tech-
niques would be beneficial in indicating the necessity of
more radical hysterectomy from low-risk to high-risk
patients. For this purpose, local ultrasound is the gold stand-
ard in evaluating the depth of myometrial invasion (FIGO
stage I) and cervical involvement (FIGO stage II) [15, 16].
Nevertheless, contrast-enhanced magnetic resonance imag-
ing (MRI) can accurately determine FIGO stages I and II,
depict pelvic and para-aortic lymphadenopathy and the
extent of local and regional disease spread, such as serosal,
adnexa, vaginal or parametrial involvement (FIGO stage
III). Finally, MRI can find an extension to the pelvic wall,
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invasion of bladder or bowel mucosa and involvement of
inguinal lymph nodes (FIGO stage IV). In addition, CT is
used to assess the extra-pelvic disease, even if depicting the
invasion of myometrial, adjacent organs and nodal metasta-
sis could be possible [11, 17].

In this pre-operatively setting, the debate has challenged
the use of anatomic assessments solely relying on tumor
morphologic information, not taking into account metabolic
tumor characteristics, that may prove highly relevant for the
clinical phenotype [18]. However, there are not enough ran-
domized studies assessing the role of 18F-FDG PET/CT in
EC and current knowledge still derived from retrospective
studies, experts in the field and individual experiences. Fur-
ther, there have been no wide reports of cost-effectiveness
[19]. Therefore, in 2016, 18F-FDG PET/CT scan was con-
sidered with both low level of evidence (IV) and low (C)
strength of recommendation from the last European Soci-
ety for Medical Oncology (ESMO), European Society of
Gynecologic Oncology (ESGO) and European SocieTy for
Radiotherapy and Oncology (ESTRO) consensus conference
on EC [11, 20, 21].

In this regard, a cumulative approach could be helpful
to provide gathering evidence for or against the use of 18F-
FDG PET/CT technique in EC. Herein, we review current
literature on 18F-FDG PET/CT in EC with respect to stag-
ing, follow-up and prognostic value.

Materials and methods

This review is based on the available consensus recommen-
dations for the use of 18F-FDG PET/CT and current clinical
diagnostic criteria. In addition, a comprehensive literature
computer search was performed on PubMed/MEDLINE
and Cochrane library databases. We used a search algo-
rithm based on a combination of terms (“endometr*””) AND
(“PET” OR “positron emission tomography”’) AND (“meta-
analysis” OR “systematic review”). No beginning date limit
was used. Search process was conducted until June 2020.

Included studies had to focus on 18F-FDG PET/CT in EC.
Reviews, meta-analyses and original papers were included.
According to primary tumor, lymph node metastases, dis-
tant metastases, prognostic value and EC recurrence, their
respective latest meta-analysis was collected and a stand-
ard pro forma used to extract the following data: the basic
study characteristics (authors, year of publication, number
of original studies included, number of patients included)
and diagnostic performance measures (pooled sensitivity
and specificity with a 95% confidence interval, and index of
heterogeneity (1) [5, 23-26].

7 value indicated the reproducibility of report values and
reflected the extent of inconsistency of findings across stud-
ies which constitute each meta-analysis. A small * value was
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interpreted as meaning that the performance was comparable
across studies, while a large I value as meaning that the per-
formance size varies substantively across studies. /> values
of 25%, 50%, and 75%, corresponded to small, moderate,
and large amounts of heterogeneity.

Data not derived from the most recent meta-analyses were
not collected in the spreadsheet to avoid overlapping of the
studies. Studies for which an English translation could not
be obtained were excluded.

Results

Performing the computer literature search about the use
of 18F-FDG PET/CT in the EC, six meta-analyses [5, 18,
23-26] were found. However, the main findings of the five
latest meta-analyses, each taking into account 18F-FDG
PET/CT with regard to primary tumor, lymph node metas-
tases, distance metastases, recurrence disease and prognostic
value, were selected and presented in Table 1 [5, 23-26].
The 18F-FDG PET/CT results were affected by suboptimal
soft tissue differentiation with low sensitivity in tumor stag-
ing. The best sensitivity and specificity were reported for the
detection of distant metastases. Accordingly, all guidelines
agree in considering 18F-FDG PET/CT useful to assess sus-
pected recurrent and to detect distant metastases as indicated
based on clinical symptoms, physical findings, or abnormal
laboratory findings (Table 2).

Discussion

The main findings of the selected evidence-based articles are
discussed here below, taking into account the role of 18F-
FDG PET/CT for primary tumor, lymph node metastasis,
distant metastasis, follow-up and prognostic value.

The role of 18F-FDG PET/CT in T staging

Despite high pooled specificity (89%) and sensitivity (81%),
the presence of heterogeneity across 16 studies (1> of 57%
and 85% for specificity and sensitivity, respectively) which
were collected by a meta-analysis (including a total of 807
patients) was an important issue to be considered. The non-
malignant physiological uptake of 18F-FDG PET/CT in the
normal endometrium was most likely the cause of sub-opti-
mal pooled sensitivity [25].

However, in a multicenter prospective comparative study,
among 318 consecutive women, 18F-FDG PET/CT, MRI
and trans-vaginal two-dimensional ultrasound (2D-US) were
found to have quite a similar accuracy in assessing myo-
metrial invasion (FIGO stage I) with 61%, 66% and 72%,
respectively [16]. More recently, Husby et al. also suggested
that measurement of metabolic tumor volume may repre-
sent a new tool to assess deep myometrial invasion [27].
Further, Sudo et al. reported that 18F-FDG PET/CT diag-
nostic value may need adjustment based on the anatomical
information provided by MRI before surgery to improve

Table 1 18F-FDG PET/CT performances for endometrial cancer reported by meta-analyses

Author Year

Study no Patientno Sensitivity% (95% CI); *%

Specificity % (95% CI); I*% DEFS (CI); %

Performance for primary lesion

Kakhki [25] 2013 16 807 81 (77-85); 88 89 (79-96); 57 Na
Performance for metastatic lymph node
Hu [26] 2019 19 1431 LNM: 68 (63-73); 57 LNM: 96 (96-97); 98 Na
PLN: 61 (52-69); 44 PLN: 96 (95-97); 44 Na
PALN: 70 (58-79); 58 PALN: 92 (90-94); 58 Na
Performance for distant metastases
Bollineni® [3] 2015 13 861 72 (63-80); 18 94 (93-96); 28 Na
Performance for endometrial cancer recurrent
Kadkhodayan® [24] 2013 11 541 95 (92-98); 28 92 (89-94); 35 Na
Performance for prognostic value
Ghooshkhanei [23] 2014 10 771 Grade: 88 (47-100); 2 Grade: 49 (32-65); 85 HR 7.4 2-19)% 0

MI: 82 (75-88); 0

MI: 51 (40-61); 85

Low vs High risk: 74 (68-80); 53 Low vs High risk: 46 (38-54); 84

LNM total lymph node metastases, PLN pelvic lymph nodes, PALN paraaortic lymph nodes, No. numbers, I? heterogeneity index across studies
collected by each meta-analysis, DFS disease-free survival, HR pooled hazard ratio of pre-operative SUVmax

*The included studies lack histologic confirmation of all putative metastases based on 18F-FDG PET/CT [5]

®The results are patients based
‘the DFS was reported for 264 patients [23]
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Table 2 Guidelines for endometrial cancer

Clinical guidelines Clinical indications

[18F]2-fluoro-2deoxy-D-glucose—positron emission tomography (18F-FDG PET)/CT could be useful for the

ESMO (2013)
assessment of suspected recurrent endometrial cancer
18F-FDG PET/CT could be useful to detect distant metastases accurately
SGO (2017) 18F-FDG PET/CT scan may be useful if there is a suspicion for recurrent disease

In intermediate- to high-risk patient for extrauterine disease, 18F-FDG PET/CT can evaluate for extrauterine dis-
ease and may improve the outcomes by allowing administration of adjuvant chemotherapy following completion

of radiation therapy (2014)

ESMO-ESGO-ESTRO
Consensus Conference
(2016)

NCCN (2020)

As optional preoperative work-up in clinical stage I, grade 1 and 2, 18F-FDG PET/CT should be considered to
assess ovarian, nodal, peritoneal or metastatic disease (level of evidence IV; grade of reccomendation C)

In the initial workup, PET/CT may be used to assess disease extent and to evaluate for metastatic disease as indi-

cated based on clinical or abnormal laboratory findings

Consider whole-body PET/CT for suspected recurrence as clinically indicated

ESMO European Society for Medical Oncology, SGO Society of Gynecologic Oncology’s, ESTRO European Society of Radiation Oncology,
NCCN National Comprehensive Cancer Network, Level of evidence IV, based on retrospective cohort studies or case—control studies, grade of
recommendation C, insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages (adverse events, costs)

pre-surgical treatment planning [28]. Lastly, thanks to its
superior soft tissue contrast, integrated 18F-FDG PET/MRI
was more sensitive to the diagnosis of myometrial invasion
than 18F-FDG PET/CT, with an overall accuracy of 81.8%
and 45.9%, respectively [29]. To date, however, due to the
lack of prospective randomized studies comparing 18F-
FDG PET/MRI with local ultrasound or MRI alone, the last
National Comprehensive Cancer Network guideline for EC
considered only whole body 18F-FDG PET/CT if metastasis
and/or recurrence are suspected.

With regard to cervical invasion (FIGO stage II), although
18F-FDG PET/CT, MRI and 2D-US modalities were accept-
able with negative predictive value of 82—-85%, none of these
were sensitive enough (29% for 2D-US, 33% for MRI and
43% for PET/CT) [16].

In addition, 18F-FDG PET/CT showed to be helpful in
identifying tumor lesions in vagina, adnexa (FIGO stage III),
bladder, rectum and more rarely sigmoid colon [30] (FIGO
stage IV). Likewise, the ability of 18F-FDG PET/CT to rec-
ognize a spreading disease is relevant when MRI cannot be
performed (e.g. claustrophobic patients, adverse events to
contrast agent, some metal prosthesis). However, diffusion-
weighted MRI can provide some accurate information for
preoperative evaluation in patients in whom MRI contrast
agents are contraindicated [31, 32]. Finally, in patients with
incidental increasing uptake, 18F-FDG PET/CT could iden-
tify the affected area for biopsy to confirm diagnosis.

Much more prospective studies are essential to confirm
the role of 18F-FDG PET/CT in T staging.

The role of 18F-FDG PET/CT in N staging

The last meta-analyses reported high specificity (96%)
and quite low sensitivity (68%) for detecting lymph node
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metastases. However, differently from what was observed in
T staging, the smaller values of I reported could be inter-
preted as meaning that the effect sizes (such as sensitivity
and specificity) are better comparable across nineteen stud-
ies [26]. More recently, the sensitivity of 18F-FDG PET/CT
to detect metastatic lymph nodes was confirmed to be low
(45%), but with a specificity of 91% in high-risk EC patients
[33]. This low sensitivity may be explained by the tendency
of this technique to underestimate standardized uptake val-
ues in lymph node smaller than 5 mm due to the partial vol-
ume effect [34, 35]. Notwithstanding, a better accuracy was
estimated in identifying para-aortic (77%) instead of pelvic
(73%) lymph nodes metastases [26]. Further, better sensi-
tivity (93%) and negative predictive value (approximately
100%) emerged for lymph nodes > 10 mm [18].

On the other hand, among CT, MRI, diffusion-weighted
magnetic resonance imaging (DW-MRI) and 18F-FDG PET/
CT, the last one had the highest specificity while DW-MRI
the highest sensitivity [36]. Reasonably, fused PET/DW-
MRI showed better sensitivity (89%) than 18F-FDG PET-
CT (70%), with quite a similar specificity (91% and 90%,
respectively) [35]. Moreover, fused 18F-FDG PET/MRI
showed the same performance of 18F-FDG PET/contrast-
enhanced CT, combining the individual advantages of MRI
and 18F-FDG PET/CT [37]. Accordingly, a meta-analysis
on diagnostic performance of PET/MRI in gynecological
malignancies (/>=0%) confirmed high sensitivity (87%) and
specificity (88%) [38]. The 18F-FDG PET/MRI could pro-
vide added benefit to surgeons when selecting appropriate
patients for lymphadenectomy [39, 40].

Given the low sensitivity and high false-negative rate,
it is still debated if 18F-FDG PET/CT alone can provide
benefit to surgeons when selecting appropriate patients for
lymphadenectomy. Nevertheless, the high specificity could
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be helpful in preoperative phase to guide surgical proce-
dure [41]. Recently, nodal staging detection sensitivity was
increased by the computation of imaging features on the pri-
mary tumor in a radiomic approach [42]. Moreover, the first-
in-human study of positron lymphography, where 18F-FDG
is injected interstitially in women with uterine and cervical
cancer (clinical trials identifier NCT02285192 which is esti-
mated to be completed in November 2020), demonstrated its
feasibility and ability to identify patients with nodal metas-
tases. However, more studies are needed to investigate their
potential clinical utility.

The role of 18F-FDG PET/CT in M staging

18F-FDG-PET/CT could be useful to detect distant metas-
tases accurately and the last meta-analysis indicated a sen-
sitivity and specificity of 95% and 91%, respectively [5, 11].
Importantly, for those patients who are candidates for radia-
tion therapy, either curative or palliative, 18F-FDG-PET/
CT provided more accurate delineation of metastatic lesions
allowing radiation dose escalation that may have improved
the effectiveness in local tumor control. Accordingly, 18F-
FDG PET/CT has been reported to be of particular value in
the detection of occult metastatic disease for inguinal lymph
nodes, abdomen, thorax and bone. While the suspicion of
distant metastases was documented by conventional imag-
ing, 18F-FDG PET /CT can identify metastatic lesions. In
fact, metabolic tracers such as 18F-FDG can overcome the
limitations of anatomical imaging since functional changes
evaluated by 18F-FDG PET/CT imaging usually precede
anatomical changes assessed by CT or MRI [24]. Finally, the
usefulness of a whole-body imaging technique such as 18F-
FDG PET/CT can be helpful in the detection of atypical sites
of metastasis, such as sellar/suprasellar region, therefore
being of help in guiding towards the correct diagnosis [43].
This performance in recognizing patients with distant
metastases can have high clinical impact on the manage-
ment of EC patients [44]. It can change the treatment plan in
patients who had equivocal findings on conventional imag-
ing, thus affecting the performance status of the patient.

The role of 18F-FDG PET/CT in follow-up

In addition to the ability in local and extra-pelvic staging,
18F-FDG PET/CT was found to be a more useful modal-
ity than conventional imaging and CA-125 in recogniz-
ing true recurrence in patients with endometrial cancer
[45-53]. On this topic, the meta-analysis of Kadkhodayan
et al. included 541 patients and showed pooled sensitiv-
ity and specificity for the detection of overall recurrence
of 95% and 92%, respectively, also highlighting a changed
treatment plan in 22-35% of patients [24]. Interestingly,
Kitajima et al. compared low-dose non-enhanced CT and

full-dose contrast-enhanced CT in integrated 18F-FDG PET/
CT studies for restaging and found that sensitivity, speci-
ficity and accuracy did not significantly differ between the
two methods [54]. Despite the high performance the loca-
tion of recurrence can affect the performance of 18F-FDG
PET/CT. In fact, for para-aortic lymph node, the sensitiviy
was reported as sub-optimal (80%), but with high specific-
ity (100%). While higher values have been shown for local
recurrence, pelvic lymph nodes and distant metastases (with
sensitivity of 91, 98%, 96% and specificity of 98, 96%, 97%,
respectively). Nevertheless, the literature that focused on this
topic was mainly retrospective and bias related to the choice
of the reference standard and interpretations existed [55].

The prognostic value of 18F-FDG PET/CT

The most studied prognostic markers were the maximum
standardized uptake value (SUVmax) and metabolic volu-
metric parameters, such as total lesion glycolysis (TLG) and
metabolic tumor volume (MTV).

Several authors agreed that 18F-FDG uptake is higher in
patients with more aggressive endometrial tumors [56]. In
particular, patients with grade III, lymphovascular invasion,
cervical invasion and deep myometrial invasion resulted in
a statistically higher pooled average SUVmax [23]. Con-
sistently, Nakamura et al. found that SUVmax significantly
correlated with glucose transporter-1 expression (P <0.001)
[57]. Further, MTV and TLG were found to be significantly
related to deep myometrial invasion, presence of lymph node
metastases and high histologic grade [27].

More contradictory results emerged on 18F-FDG PET/
CT value for DFS and OS. On the one hand, multivariate
analyses revealed that SUVmax was an independent prog-
nostic factor for OS and superior to CA-125 serum levels
and ADCmin MRI [58-60]. Further, MTV was shown to
be significantly correlated with DFS [23] and OS in EC
patients with stage IVB [61]. Interestingly, some authors
reported cut-off values to categorize patients as high or low
risk. Namely both the OS and DFS in patients with a higher
SUVmax (>7.30) were found to be significantly reduced
compared with those with a lower SUVmax [62]. In another
study, EC patients with SUVmax > 17.7 correlated with
lower overall survival [56]. Likewise, cut-off values were
reported to be correlated with clinical-pathological risk fac-
tors and tumor aggressiveness [63] and risk of treatment
failure [59, 63-65].

On the other hand, a systematic review (including 771
patients) did not confirm 18F-FDG PET/CT value for OS.
Moreover, no significant relationship was found between
18F-FDG PET/CT (SUVmax, MTV and TLG) parameters
and OS or DFS [66]. But primarily, a major concern still
remains the very short follow-up in most studies. In fact, EC
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is known to have a generally good prognosis and a follow-up
should exceed 5 years to see any differences [23].

Recent advances included the applications based on inte-
grated functional biologic parameters, such as the SUV to
apparent diffusion coefficient (derived from DW-MRI) ratio
[67] or PET-intravoxel incoherent motion MRI, which could
define an optimal prognostic parameter in EC patients [68,
69].

Conclusion

The low sensitivity and suboptimal soft tissue differentia-
tion represented the main limitation on the use of 18F-FDG
PET/CT imaging for the detection of EC primary tumor and
lymph node metastases. Especially the pelvic metastatic
lymph nodes and those lesser than 5 mm suffered from a low
detection rate, also due to the partial volume effect inher-
ent in PET/CT modality. However, high specificities ensure
higher positive predictive values in the tumor and lymph
node staging, particularly in para-aortic lymph node metas-
tases. Better performance emerged for detection and locali-
zation of distant metastasis or recurrence in post-therapy
follow up. In this context, high sensitivity and specificity
could suggest important change of treatment planning. In
addition, 18F-FDG PET could be useful for its prognostic
value. However, the studies did not provide robust scientific
evidence for the use of 18F-FDG PET in EC patients risk
stratification. Further randomized prospective studies are
needed to increase both the low level of evidence and low
strength of recommendation for using 18F-FDG PET/CT
in EC. Finally, promising results emerged from 18F-FDG
PET/DW-MRI technique, where PET specificity can ben-
efit from high sensitivity inherent in MRI modality, which
can provide better soft tissue characterization and evaluate
microstructure changes.
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