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Abstract
PET/CT has made significant inroads into routine oncological practice in recent times. In our study, we aim to determine its value
in preoperative assessment of endometrial carcinoma. A retrospective study between January 2011 and March 2016 was
conducted; we included all cases of carcinoma endometrium with a preoperative PET/CT scan. PET/CT images were analyzed
and correlated with histological findings after surgical staging. A total of 46 cases were analyzed, mean age was 59.8 years, BMI
30.8 kg/m2, and most common histology endometrioid type (69.5%). We correlated PET/CT findings with histopathology as
reference standard. PET/CT had a sensitivity of 40%, moderate specificity (75%) and accuracy (71.7%), good NPV (91.2%), but
poor PPV (16.7%) for lymph node involvement. A total of 10 (21.7%) cases were detected to have distant metabolically active
lesions on PET/CT, seven out of these were positive for malignancy. And 90% of them were either non-endometrioid type or
grade two and higher. We found that SUVof primary tumor was significantly higher in patients with deep myometrial invasion
(p = 0.018), and high-risk histological type of tumor (p = 0.022), though not statistically significant when lymph nodal involve-
ment (p = 0.9), cervical involvement (p = 0.56), or histological grade (p = 0.84) were considered. Sensitivity and specificity of
PET/CT in staging endometrial cancer is not high enough to reliably tailor lymphadenectomy. Although SUV of the primary
tumor was significantly higher in patients with deep myometrial invasion and high-risk histological type, it’s usefulness in
classifying patients into predefined risk groups seems to be limited. However, it is useful in detecting distant metastasis especially
in high-grade and non-endometrioid type of tumors. Thus, implementation of PET/CT as a surrogate for surgical staging of
endometrial cancer remains enigmatic and is open to further research.
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Introduction

Endometrial carcinoma is the second most common gyneco-
logical malignancy with an incidence of 5.9 per 100,000
women in most developing countries. In India, the incidence
is 4.3 per 100,000 women [1] with a cumulative risk for a

diagnosis of 1.71% [2]. Most of these cases occur in the post-
menopausal age group with a median age at diagnosis of
63 years [3]. Overall, 5-year survival of endometrial carcino-
mas is about 81.7% [4]. The majority of these cancers are
diagnosed early (80% in stage I), with 5-year survival rates
of over 95%. However, 5-year survival rates are much lower if
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there is regional spread or distant disease (68 and 17%, re-
spectively) [5].

Historically, endometrial carcinoma has been classified into
two main clinicopathological and molecular types: type I is the
much more common endometrioid adenocarcinoma (80–90%);
and type II comprises non-endometrioid subtypes, such as se-
rous, clear cell, and undifferentiated carcinomas, as well as
carcinosarcoma/malignant-mixed Mullerian tumor (10–20%),
which have worse prognosis compared to type I tumors [6].

Staging of this malignancy is based on surgicopathologic
International Federation of Gynecologic Oncology (FIGO)
criteria [7, 8].

The surgicopathologic staging system uses findings from
exploratory laparotomy/laparoscopy, peritoneal washings for
cytology, total abdominal hysterectomy, bilateral salpingo-oo-
phorectomy, and pelvic and paraaortic lymphadenectomy.

Adjuvant treatment in the form of radiation therapy with or
without chemotherapy is indicated for locally advanced and
metastatic disease [3].

Though surgical staging is the standard management,
cross-sectional imaging is commonly used to aid in preopera-
tive evaluation. Potential advantages of presurgical imaging
include assessment of the depth of myometrial invasion,
which in turn may predict the likelihood of lymph node in-
volvement and also determine the surgical procedure required
(lymphadenectomy may be omitted in grade 1 or 2 lesions <
2 cm with < 50% myoinvasion); determination of cervical
invasion which again dictates the procedure to be planned
(type II radical hysterectomy); the identification of suspicious
lymph nodes suggestive of metastatic disease and the detec-
tion of distant metastasis itself which may require a different
modality of treatment altogether.

There is substantial evidence that addresses the diagnosis
and management of endometrial carcinoma. A pelvic exami-
nation and pelvic ultrasonography are mandatory components
of the clinical staging of endometrial cancer in order to estab-
lish a tentative FIGO staging before definitive pathology [3].
Ultrasonography is an essential tool to evaluate abnormal uter-
ine bleeding. In cases of carcinoma endometrium, it offers the
possibility of evaluating the size of tumor, ruling out ovarian
disease and assessing myometrial invasion and cervical stro-
mal involvement [9].

Many other imaging techniques have been tried and tested
to aid in the preoperative evaluation of endometrial carcino-
ma, including computerized tomography (CT), magnetic res-
onance imaging (MRI), and most recently PET/CT.
Additional imaging has been considered optional according
to the clinical situation. Computed tomography scan and/or
positron emission tomography (PET/CT) have been recom-
mended as options in clinically advanced endometrial cancer
[9]. MRI may be useful mainly in stage I tumors to assess the
depth of myometrial invasion, cervical invasion, tumor size,
and also the lymph node status to tailor the lymphadenopathy.

Most of these, including MRI, use a short-axis diameter of
10 mm or greater to identify suspicious lymph nodes.
However, there is significant overlap between the sizes of
metastatic and reactive lymph nodes. PET/CT, as we hypoth-
esize, may be able to bridge this gap, which allows for simul-
taneous acquisition of anatomic and metabolic information.

Hence, we undertook this study to evaluate the role of PET/
CT in the preoperative assessment of depth of myometrial
invasion, cervical extension, and lymph nodal status, and in
cases of endometrial carcinoma, to correlate the SUV
(SUVmax) of primary tumor on PET/CTwith the lymph nodal,
myometrial, cervical involvements, histopathological grade,
and type of the tumor.

Patients and Methods

A retrospective study was conducted in a tertiary oncology
referral Centre between January 2011 and March 2016. The
study was approved by the institutional ethics committee.

All cases of carcinoma endometrium with a preoperative
PET/CT scan were included in the study. All the patients irre-
spective of the PET/CT findings underwent a comprehensive
surgical staging as described earlier. PET/CT images were
analyzed and correlated with histological findings of surgical
staging.

Data was analyzed using SPSS, Ver.10.0.5. The results
were averaged (mean + standard deviation) for continuous
data and percentage for dichotomous data. Proportions were
compared using chi-square (χ2) test of significance. Themean
values between the groups were compared using the one-way
ANOVA. Diagnostic accuracy of PET/CT with lymph nodal,
myometrial, and cervical involvements was assessed by cal-
culating the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy. In all
the above tests, Bp^ value of less than 0.05 was accepted as
indicating statistical significance.

Results

There were total 46 cases of carcinoma endometrium in these
study periods which were analyzed. Mean age was 59.8 years,
ranging between 33 and 76 years. Mean BMI was 30.8 kg/m2,
ranging between 20.6 and 53.4 kg/m2. Most common histology
was endometrioid type of adenocarcinoma (69.5%). Majority
of the patients were postmenopausal (84.8%). When coexistent
medical conditions were considered, 54.3% were hypertensive,
47.8% diabetic, and 8.7% had hypothyroidism.

Out of the total 46 carcinoma endometrium patients, 19/46
(41.3%) were FIGO stage IA, 11/46(23.9%) were stage IB,
4/46(8.6%) were stage II, 6/46 (13.04%) were stage III, and
the rest 6/46 (13.04%) belonged to stage IVB.
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We correlated PET/CT findings based on increased tracer
uptake, independent of size with histopathology as reference
standard (Table 1). PET/CT in our study had a sensitivity of
40%, specificity of 75% and accuracy of 71.7% for lymph
nodes. The ability to correctly identify metastatic lymph nodes
is, however, largely affected by lymph node size as well. Size-
based sensitivities of 80 and 20% in metastatic nodes with
positive tracer uptake and sizes ≥ 10 and < 10 mm, respective-
ly, were noted in our study. With respect to myometrial in-
volvement, PET/CT had a sensitivity of 72.2%, specificity of
75%, and accuracy of 72.5% with a good PPV (96.3%).
Although a specificity of 94.1% was noted when cervical
involvement was considered, results were precluded by sensi-
tivity of 44.4% and PPVof 66.7%.

A total of 10 (21.7%) cases were detected to have distant
metabolically active lesions on PET/CT, seven of these were
positive for malignancy. one had ametabolically active cervical
lymph node (SUV: 24) with a synchronous papillary carcinoma
thyroid. Histology of the lymph node proved to be a metastasis
from thyroid. A metabolically active adrenal mass (SUV 10)
was seen in another patient, who underwent a partial adrenal-
ectomy, which was histologically normal. Two other patients
had mild metabolically active pretracheal and hilar LNs which
were histologically proven to be benign. Six other patients were
histologically proven to have distant metastasis from primary
endometrial carcinoma, and they received neoadjuvant chemo-
therapy (NACT). Following this, response to therapy was eval-
uated with a repeat PET/CT, and good response was noted in all

Table 1 Sensitivity, specificity, PPV, NPVand accuracies of PET/CT for lymph nodal involvement, myometrial, and cervical involvement

PET/CT Sensitivity Specificity Positive predictive
value (PPV)

Negative predictive
value (NPV)

Accuracy

Lymph nodal involvement 40% 75% 16.7% 91.2% 71.7%

Myometrial involvement 72.2% 75% 96.3% 23.1% 72.5%

Cervical involvement 44.4% 94.1% 66.7% 86.5% 83.7%

Fig. 1 Charts representing Comparison of SUV of primary tumor based on lymh nodal, myometrial, and cervical involvements. Chart depicting the
distribution of metastasis correlating with PET/CT findings
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six cases, who then underwent surgery. Ninety percent of these
patients with stage IV cancer, either had non-endometrioid type
of cancer or grade two and higher disease.

We further analyzed if there is any correlation between the
SUVof the primary tumor and certain factors (Figs. 1 and 2).
Of the 46 patients, 3 were referred to our institute following
the detection of endometrial carcinoma on a hysterectomy
specimen; hence, we analyzed the rest 43 cases. The mean
SUV was 4.8 when there was no myometrial involvement
(n = 4), 14.5 with < 50% myometrial involvement (n = 18)
and 17.3 when > 50% myometrium was involved (n = 21).
When cervical involvement was considered, there 9 positive
cases in which mean SUV recorded was 16.3 and 34 negative
cases with SUVof 14.5. With respect to lymph node involve-
ment, it was positive in 5 cases and negative in 38 cases. These
had a SUV of 15.04 and 15.09 respectively. There were 33
cases of endometrioid carcinoma with mean SUV of 14.5, 8
cases of papillary serous carcinoma with SUV of 16.9, and
three carcinosarcoma cases with SUVof 19.06. We also ana-
lyzed the correlation of SUV with grade of the tumor and
noted that it was 15.8, 15.2, and 14.2 respectively for grade
1, 2, and 3 tumors (n = 19, 7, 17 respectively). Thus, SUVof
primary tumor was significantly higher in patients with deep
myometrial invasion (p = 0.018) and high-risk histological
type of the tumor (p = 0.022), though not statistically

significant when lymph nodal involvement (p = 0.9), cervical
involvement (p = 0.56), or histological grade (p = 0.84) were
considered.

Discussion

Lymphadenectomy presently is one of the prerequisites of
FIGO surgical staging for endometrial cancer despite an un-
proven survival benefit [10, 11] and associated morbidity.
However, an accurate noninvasive nodal staging for endome-
trial cancer may help us in staging the disease without adding
onto the morbidity. Since endometrial cancer cells demon-
strate increased tumor glucose metabolism and glycolysis rate,
FDG PET/CT imaging could prove to be a useful preoperative
adjunct.

A literature review conducted by Peterson et al. in 2016,
suggested the usefulness of PET/CT in lung, lymphoma, mel-
anoma, head and neck, and colorectal cancers, whereas evi-
dence was sparse in gynecological cancers [12]. Following
this in December 2016, Bollineni et al. [13] did a systematic
review and meta-analysis of 13 studies for the role of PET/CT
in detecting lymph nodal involvement in endometrial cancer
which showed a pooled sensitivity of 72%, much higher than
our study which stood at 40%. Thus, there are still a majority

Fig. 2 Charts representing
comparison of SUVof primary
tumor. Based on histopathological
grade and type

228 Indian J Surg Oncol (March 2019) 10(1):225–231



of cases which in which nodal involvement is missed. One of
the explanations could be the necessity of a minimum number
of tumor cells which exhibit increased glucose metabolism. In
an attempt to increase the sensitivity, even though the spatial
resolution of PET/CT is not very high, we included the size
criteria and metabolically active nodes > 1 cm were consid-
ered. This increased the sensitivity to 80%. Literature quotes
node-based sensitivities of 13%, 67%, and 100% in metastatic
lymph nodes of 4 mm or smaller, 5–9 mm, and of 10 mm or
larger, respectively, in endometrial cancer [14]. Specificity, as
stated by the meta-analysis was 94%, and in our study, it was
75% [13]. Again, this is not sufficiently high to omit the com-
plete surgical staging based on PET/CT. This is also supported
by a low PPV (16.9%) which again does not correlate with the
literature which states a high pooled PLR of 10.9 [13].

When we consider PET/CT for myometrial involvement,
Antonsen et al. [15] reported a sensitivity of 93% while our
study showed 72.2% sensitivity, although, specificity, PPV,
and accuracy were higher in our study. Dynamic contrast-
enhanced MRI has a pooled sensitivity and specificity of 81
and 72%, respectively [16], and T2-weighted imaging has a

pooled sensitivity and specificity of 87 and 58%, respectively,
in the assessment of myometrial invasion [17]. Dynamic
contrast-enhanced images and T2WI together have an accura-
cy of 98% for assessing myometrial invasion [18].

With respect to cervical involvement, our study showed
comparable values for sensitivity, specificity, PPV, NPV, and
accuracy as stated by Antonsen et al., all of which stood in
moderation. The sensitivity, specificity, and diagnostic accu-
racy of MRI imaging assessment of cervical invasion have
been reported to be 100%, 87%, and 90%, respectively, on
T2WI; 100%, 95%, and 96%, respectively, on post-contrast
T1WI; and 100%, 100%, and 100%, respectively, on dynamic
MRI [19].

With the existent evidence, when myometrial and cervical
invasions are considered, diagnostically, PET/CT has been
outdone by MRI. Studies in uterine cancer have shown the
power of PET/CT for the detection of local relapse and distant
metastases, as this may cause a change in management in 22–
35% of cases [20, 21]. In our study, 6/46 (13%) were proven to
have distant metastasis and had an altered course of treatment
with NACT. Ninety percent of these patients with stage IV

Table 2 Sensitivity, specificity, PPV, NPVof PET/CT in various studies

Name Year Type of study Parameter Sensitivity Specificity Accuracy PPV NPV PLR NLR

Bollineni et al. [13] 2016 Systematic review and meta-analysis LNM 72 94 88 – – 10.9 0.36

Chang et al. [24] 2012 Systematic review and meta-analysis LNM 63 94.7 – – – 10.46 0.39

Kim et al. [25] 2016 Monocentric prospective study LNM 70 95.4 – – 94.3 – –

Husby et al. [26] 2015 Monocentric prospective study LNM 74–85% 91–96% 89–93%

CI 25–33% 74–87%

Signorelli et al. [27] 2015 Monocentric prospective study LNM 73.3% 98.7% 93.6% 93.3% 93.6% – –

Crivellaro et al. [28] 2013 Monocentric prospective study LNM 78.6% 98.4% 94.7% 91.7% 95.3% – –

Antonsen et al. [15] 2012 Multicetric prospective comparative study LNM 74.2 92.8 91% 59%, 96% – –

MI 93% 49% 61% 41% 95%

CI 43% 94% 83% 69% 85%

Katijima et al. [14] 2009 Prospective monocentric study LNM 53.3 99.6 97.8 – – – –

Current study 2016 Retrospective analysis LNM 40% 75% 71.7% 16.7% 91.2%

MI 72.2% 75% 72.5% 96.3% 23.1%

CI 44.4% 94.1% 83.7% 66.7% 86.5%

Table 3 SUVof primary tumor when correlated with different parameters in various studies and their ‘p’ values

Name Year LNM MI CI Grade Type

Husby et al. [26] 2016 Yes, 0.025 Yes, 0.015 – Yes, 0.015 –

Yahata et al. [29] 2016 Yes Yes – Yes Yes

Crivellaro et al. [28] 2013 Yes, 0.038 – – – –

Walentowicz-Sadlecka et al. [16] 2013 – Yes – Yes –

Antonsen et al. [30] 2013 Yes, 0.04 Yes, 0.002 Yes, 0.04 – Yes, 0.003

Katijima et al. [31] 2015 – Yes, 0.0001 – – –

Lee et al. [32] 2011 – Yes, 0.020 – Yes, 0.001 Yes, 0.024

Current study 2016 No, 0.9 Yes, 0.018 No, 0.56 No, 0.84 Yes, 0.022
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cancer, either had non-endometrioid type of cancer or grade
two and higher disease. ESMO states FDG PET/CT to be
generally superior to CECT and MRI for detecting distant
metastasis in advanced stage patients and has recommended
PET/CT for detecting distant metastases in current clinical
practice guidelines [17, 22]. Thus, our study also supports this
recommendation that on suspicion of advanced or high-risk
uterine cancer PET/CT is recommended for the choice be-
tween surgical or systemic treatment [23]. Table 2 summarizes
various studies including ours.

Several recent studies in endometrial cancer have
attempted to correlate the preoperative primary tumor
metabolic parameters with lymph node metastasis,
myometrial and cervical involvements, and histological
type and grade. All of these have found significant
higher SUVmax of the endometrial tumor with nodal me-
tastasis, myometrial and cervical involvements, and
higher grade and high-risk histological types. These have
been summarized in Table 3. However, our study showed
a significantly higher SUVmax of primary tumor only
with respect to myometrial involvement (p = 0.018) and
high-risk histological type (p = 0.022) but failed to give
similar results when lymph nodal metastasis (p = 0.9),
cervical involvement (p = 0.56), and histological grade
(p = 0.56) were considered. In this regard, our study does
not uphold the usefulness of preoperative PET/CT imag-
ing of primary endometrial carcinomas with keen interest
on SUVmax of the primary tumor as a tool for prognos-
tication and lymph nodal metastasis detection that facil-
itate personalized patient care.

Conclusion

Sensitivity and specificity of PET/CT in staging endome-
trial cancer reported by our study is not high enough to
reliably tailor lymphadenectomy. Although SUV of the
primary tumor was significantly higher in patients with
deep myometrial invasion and high-risk histological type,
it’s usefulness in classifying patients into predefined risk
groups seems to be limited. However, it is useful in
detecting distant metastasis especially in high grade and
non-endometrioid type of tumors. Considering the limi-
tations of our study, such as the retrospective nature,
inadequately powered study due to low sample size, we
recommend that the potential added value from this nov-
el radiological technique should be explored further with
better-designed studies. Also, the assessment of costs and
benefits of PET/CT in clinical practice should be done.
To conclude, implementation of PET/CT as a surrogate
for surgical staging of endometrial cancer remains enig-
matic and is open to further research.
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