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KEY POINTS

� 2-Deoxy-2-[18F]fluoro-D-glucose (FDG) PET generally has high sensitivity for advanced disease but
limited specificity, making it a useful tool for late-stage disease and detecting malignant recurrence,
but limiting its role for diagnosis.

� FDG uptake has been correlated with tumor aggressiveness, and can help with treatment planning,
particularly of radiation treatment fields.

� Vaginal and vulvar cancers are less common than endometrial, ovarian, and cervical cancers, and
investigations on the role of PET are less conclusive and require further studies.

� Many new and emerging PET tracers are promising for evaluating and mapping different receptors,
cell proliferation rates, and even hypoxia, helping to direct treatment, but most still require addi-
tional testing before they are ready for standard clinical use.
INTRODUCTION and detection of disease recurrence. Imaging of
Approximately 94,000 new cases of gynecologic
cancer are diagnosed in the United States each
year. Gynecologic cancers are typically separated
into 5 groups based on anatomy, listed here from
most to least common: endometrium/uterine
body, ovary, cervix, vagina, and vulva.1 Incidence
rates are summarized in Table 1. These cancers
have diverse clinical presentations and prognoses,
and their treatment typically includes a combina-
tion of radical surgery, chemotherapy, and/or
radiotherapy based on the stage of disease.

The stage of disease at diagnosis is predictive of
prognosis and is crucial for selection of the best
mode of therapy. Gynecologic cancers are typically
staged using the International Federation of Gyne-
cology and Obstetrics (FIGO) criteria. Imaging plays
an important role in pretreatment evaluation of pa-
tients with gynecologic malignancies as well as in
the follow-up for response assessment to therapy
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the female pelvis can be achieved using a combina-
tionofultrasonography (US), computed tomography
(CT), magnetic resonance (MR) imaging, and PET/
CT using 2-deoxy-2-[18F]fluoro-D-glucose (FDG)
and other emerging radiopharmaceuticals. PET/CT
is known to be more accurate than CT or MR imag-
ing alone for staging and can help direct
management.2

This article discusses the use of FDG-PET/CT
and PET/MR for clinical evaluation of the most
common types of gynecologic cancers: endome-
trial, ovarian, cervical, vaginal, and vulvar cancers.

PET RADIOPHARMACEUTICALS AND
IMAGING PROTOCOLS

Anatomic evaluation of gynecologic malignancies
is typically performed with a combination of CT
and MR imaging.2–4 PET is commonly coupled
with concurrent CT for attenuation correction and
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Table 1
Incidence of primary gynecologic cancers
based on the Centers for Disease Control and
Prevention US data from 2012 to 20161

Cancer Location

Incident
Cases
per 100,000

Uterine body 26.82

Ovary 11.18

Cervix 7.60

Vulvar 2.62

Vaginal 0.66
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anatomic localization, which is often of lower res-
olution than dedicated CT studies and is often per-
formed without contrast. PET/MR imaging is a
more recent innovation, but access remains
limited to larger institutions and it is not in wide-
spread use. To allow a more in-depth PET review,
anatomic evaluation is not the focus of this article.
The focus is on FDG because of its widespread
clinical use and accepted role in evaluation in ma-
lignant diseases. However, it also briefly reviews
clinically approved non-FDG radiopharmaceuti-
cals, including somatostatin-receptor and
steroid-receptor imaging agents, as well as radio-
pharmaceuticals that are currently used in
research settings that have clinical potential,
including human epidermal growth factor recep-
tors (EGFR), DNA-precursor use, and cell hypoxia
imaging tracers. The PET tracers discussed here
are summarized in Table 2 along with key proce-
dural parameters.

Glucose Metabolism

FDG (18F: half-life T1/2 5 109.7 minutes), a glucose
analogue, is the most common tracer used for clin-
ical evaluation of patients with gynecologic malig-
nancies. The biological basis for the use of FDG in
oncology is the Warburg effect, which describes
an increase in glycolysis under aerobic conditions
and is characteristic of the malignant state. FDG is
taken up by the cell using glucose transporters
and phosphorylated by hexokinase to FDG–6
phosphate (FDG-6P). FDG-6P is not a good sub-
strate for further metabolism and is trapped within
the cell, because glucose 6-phosphatase is mark-
edly downregulated in cancer cells.
Patient preparation for FDG-PET imaging of gy-

necologic tumors typically follows the Society of
Nuclear Medicine and Molecular Imaging guide-
lines, which includes fasting for at least 4 hours
and fasting blood glucose level less than or equal
to 200 mg/dL. Typical doses are within 10 to
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20 mCi (370–740 MBq). Urinary tract preparation
that involves placement of a Foley catheter, intra-
venous administration of fluids, and furosemide
may be performed for evaluation of gynecologic
cancers for evaluating lesions close to the bladder.
Imaging typically begins 60 minutes after adminis-
tration of FDG. Standard imaging from the skull
base to the thighs typically takes approximately
20 minutes, but depends on patient size and scan-
ner technology. Anatomic imaging protocols differ
between institutions and scanners. Although CT
oral contrast is used in many centers, the use of
intravenous contrast is controversial and limited
to some centers. CT images are typically acquired
before PET acquisition.
For PET/MR imaging, routine pelvic MR proto-

cols are acquired with and without intravenous
contrast, use of antiperistaltic medications, and
intravaginal contrast. Acquired sequences differ
between institutions, but typically include T1-
weighted and T2-weighted sequences, diffusion-
weighted imaging, and postcontrast imaging,
which enables better evaluation of structures and
possible tumor invasion. The use of dynamic
contrast-enhanced imaging allows the evaluation
of tissue perfusion and oxygenation.5,6 Although
PET/CT enables direct calculation of attenuation
correction from the CT data, MR imaging relies
on determining tumor composition and associated
look-up tables. A common technique relies on
Dixon sequences to delineate up to 4 materials
within a given pixel, typically background/air, soft
tissue, fat, and lung. Limitations include the
inability to always properly delineate organs,
particularly the lungs, and the inability to accu-
rately identify cortical bone because of insufficient
signal, both of which affect the attenuation correc-
tion and resulting standardized uptake value (SUV)
accuracy.7,8

PET analysis is both qualitative and quantitative.
Qualitative analysis compares potential malignant
uptake with physiologic uptake, including hepatic
uptake, blood pool activity, and adjacent organ
parenchymal activity. Quantitative uptake most
commonly relies on the maximum SUV (SUVmax)
because of ease of measurement, but SUV mean
and peak, as well as metabolic tumor volume
(MTV) and total lesion glycolysis (TLG), are
becoming more accepted.
Estrogen Receptors

There are 2 types of estrogen receptors (ERs): ERa
and ERb.9 16a-18F-fluoro-17b-estradiol (FES) is an
estrogen analogue that was recently approved by
US Food and Drug Administration (FDA) for imag-
ing advanced breast cancer and provides imaging
from ClinicalKey.com by Elsevier on September 02, 
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Table 2
PET tracers for evaluation of gynecologic cancers

PET Tracer
Half-Life
(T1/2) Typical Dose Uptake Time Fasting State

18F-FDG 109.7 min 370–740 MBq (10–20 mCi) 60 min At least 4 h
68Ga-DOTATOC
68Ga-DOTATATE
68Ga-DOTANOC

68 min 132–222 MBq (4–6 mCi);
should not be <100 MBq
(2.7 mCi)

60 min Not required

64Cu-DOTATATE 12.7 h 148 MBq (4 mCi) 45–90 min Not required
18F-FES 109.7 min 222 MBq (6 mCi);

range 111–222 MBq
(3–6 mCi)

60 min; range
20–80 min

Not required

89Zr-labeled
lumretuzumab

3.27 d 37 MBq (1 mCi) 2, 4, and 7 d Not required

18F-FLT 109.7 min 2.6 MBq/kg (0.07 mCi/kg);
maximum dose 185 MBq
(5 mCi)

60–70 min Not required

18F-FMISO 109.7 min 3.7 MBq/kg (0.1 mCi/kg);
maximum 260 MBq (7 mCi)

�2 h Not required

60Cu-ATSM 23.7 min 481–740 MBq (13–20 mCi) 60-min dynamic
imaging and/or
static imaging at
30 min

Not required
64Cu-ATSM 12.7 h 925 MBq (25 mCi)

18F-FDG, 68Ga-DOTA-peptides, and 64Cu-DOTATATE are commonly used in clinical practice, whereas the remaining tracers
are mostly investigational.

Abbreviations: ATSM, diacetyl-bis(N4-ethylthiosemicarbazone); DOTATOC, 1, 4, 7, 10-tetraazacyclododecane- N, N0, N00,
N0 0 0-tetraacetic acid-D-Phe 1-Tyr 3-octreotide; DOTATATE, 1, 4, 7, 10-tetraazacyclododecane- N, N0, N00, N0 0 0-tetraacetic acid-
D-Phe 1, Tyr 3-octreotate; DOTANOC, 1, 4, 7, 10-tetraazacyclododecane- N, N0, N00, N0 0 0-tetraacetic acid-Nal3-octreotide;
FES, 16a-18F-fluoro-17b-estradiol; FLT, 30-deoxy-3’-[18F]fluorothymidine; FMISO, 1-(20nitro-10-imidazolyl)-3-fluoro-2-
propranol.
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of ERs through selective binding of the ERa iso-
form.10,11 However, its use in other cancers,
including gynecologic cancers, is limited to
research settings under investigational new drug
applications. FES is the most investigated
steroid-receptor tracer. Typical dose is 6 mCi
(222 MBq) with a typical range of 3 to 6 mCi
(111–222 MBq). Recommended imaging is 80 mi-
nutes (range of 20–80 minutes), but typically inves-
tigators use 60 minutes after administration before
starting imaging.10 Fasting is not required.

Cell Proliferation

30-Deoxy-3’-[18F]fluorothymidine (FLT)12,13 is a py-
rimidine analogue of thymidine, a DNA precursor
intended to evaluate cell proliferation rate, but is
more a measure of S-phase fraction. Its uptake is
via passive diffusion and facilitated transport by
type 1 equilibrate nucleoside transporters
(ENT1).14 Although FLT is a specific marker for
cell proliferation and a better marker for evaluation
of response to therapy than FDG, physiologic up-
take of FLT in the bone marrow caused by
increased cell proliferation, in the liver secondary
to hepatic glucuronidation, and in the urinary tract
Downloaded for Anonymous User (n/a) at Costa Rica Uni
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aspart of the renal clearanceof the tracer represent
the main limitations of the method.15 Investigators
have used a dose of 0.07 mCi/kg (2.6 MBq/kg),
maximum dose of 5 mCi (185 MBq), infused intra-
venously over 2minutes,with PET images acquired
60 to 70minutes after injection for imaging of cervi-
cal cancer.16,17 Patient fasting was not an explicit
requirement of the protocol.

Hypoxia

Tumor hypoxia inhibits radiation therapy by
decreasing the availability of oxygen free radicals
that cause tumor DNA damage and cell death. Tu-
mor hypoxia also likely limits the efficacy of chemo-
therapy. Polarographic oxygen sensors are the gold
standardof evaluating hypoxia but are limitedby the
invasive technique and inherent sampling limita-
tions. PET offers a noninvasive means to reliably
evaluate the entire tumor and multiple tumor sites
at the same time. ThePETagents for assessing hyp-
oxia are in 2 groups.18 The first is fluorine-labeled
nitroimidazoles such as 1-(20nitro-10-imidazolyl)-3-
fluoro-2-propranol (FMISO)19; [18F]fluoroazomycin
arabinoside (FAZA), asecond-generation2-nitroimi-
dazole; and [18F]fluoroerythronitroimidazole
versity from ClinicalKey.com by Elsevier on September 02, 
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(FETNIM), which is more hydrophilic than FMISO.
The second group is copper-labeled diacetyl-
bis(N4-ethylthiosemicarbazone) (Cu-ATSM)
analogues (60Cu, T1/2 5 23.7 minutes; 61Cu,
T1/2 5 3.32 hours; 62Cu, T1/2 5 9.7 minutes; and
64Cu, T1/2 5 12.7 hours), which have neutral lipo-
philic molecules with high cell membrane perme-
ability, andare reducedand trapped inhypoxiccells.
A standard dose of FMISO is 0.1 mCi/kg

(3.7 MBq/kg) up to a maximum of 7 mCi
(260 MBq).19 A combination of low tumor uptake,
slow accumulation in hypoxic tissues, and slow
clearance from normoxic tissue caused by the
lipophilic nature of the tracer necessitates long
wait periods, of 2 hours or more, between injection
and imaging.20

For 60Cu-ATSM, a typical dose of 13 to 20 mCi
(481–740 MBq) and for 64Cu-ATSM, a typical
dose of 25 mCi (925 MBq) injected intravenously,
followed by 60 minutes of dynamic imaging21,22

or static imaging at 30 minutes after injections,
have been reported.23
ENDOMETRIAL CANCER

Approximately 75% to 80% of patients with endo-
metrial cancer are postmenopausal. This disease
typically presents with abnormal bleeding resulting
in early-stage diagnosis in 75% of patients.24 The
risk factors include abdominal obesity, multiparity,
late menopause, smoking, unopposed estrogen
therapy, tamoxifen, Lynch syndrome, and diabetes;
hormone replacement therapy, although a risk fac-
tor, is no longer typically prescribed.25 There are 2
histologic subtypes: type 1 are well differentiated
estrogen-associated endometrioid adenocarci-
nomas accounting for 75% to 80% and expressing
high levels of ERs. Type2areaggressive,undifferen-
tiated, estrogen-independent cancers that typically
develop in atrophic endometrium and include
adenosquamous, serous papillary, clear cell, and
undifferentiated types.25 FIGO staging of endome-
trial cancer, which was revised in 2009 and is sum-
marized in Table 3,26 does not include an imaging
component. However, MR imaging is highly sensi-
tive and specific for revealing important prognostic
factors and thus, when available, is recommended
as an adjunct to clinical examination.27,28

FIGO staging does include involvement of
locoregional and distant nodal metastases, which
PET can aid in detecting. Nodal metastatic pattern
is predominately pelvic, following anterior pelvic,
lateral pelvic, hypogastric, and presacral routes,
but can then spread to para-aortic lymph nodes29;
this reflects stage III disease, with para-aortic
involvement being more advanced IIIC2 (see Ta-
ble 3). Fig. 1 shows an example of recurrent
Downloaded for Anonymous User (n/a) at Costa Rica University 
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endometrial cancer. More distant nodal spread
to abdominal and/or inguinal lymph nodes reflects
stage IV disease.27 Fig. 2 shows recurrent endo-
metrial adenocarcinoma with distant metastasis.

FDG-PET

FDG-PET has a limited role in initial staging. Chang
and colleagues30 reported a pooled sensitivity for
the detection of pelvic and/or para-aortic metas-
tasis of only 63% based on their meta-analysis,
which is insufficient to replace lymphadenectomy.
A more recent meta-analysis showed the overall
pooled sensitivity, specificity, and area under the
curve (AUC) of FDG-PET/CT for detection of lymph
node metastases to be 72% (95% confidence in-
terval [CI], 63%–80%), 94% (CI, 93%–96%), and
94% (CI, 85%–99%), respectively, with an overall
diagnostic accuracy (Q* index) of 88%.31 Most pa-
tients with advanced disease also benefit from sur-
gical debulking, and thus the results of FDG-PET
are unlikely to deter surgery. However, FDG-PET
can play a role in identification of distant metasta-
ses and treatment planning, particularly for radia-
tion therapy.24 Furthermore, greater uterine tumor
SUVmax has been correlated with greater tumor
aggressiveness. In particular, Kitajima and col-
leagues32 discovered that patients with SUVmax

12.7 or greater had a significantly lower disease-
free survival rate (P 5 .00042). FDG-PET also has
high sensitivity for detection of both local and
distant recurrence, ranging from 85.7% to
100%,33,34 and may therefore be useful for post-
therapy surveillance and detection of recurrent dis-
ease. In a recent meta-analysis, FDG-PET/CT had
an overall pooled sensitivity, specificity, and AUC
for detection of endometrial cancer recurrence of
95% (CI, 91%–98%), 91% (CI, 86%–94%), and
97% (CI, 95%–98%), respectively, with overall
diagnostic accuracy (Q* index) of 93%.31 The Na-
tional Comprehensive Cancer Network (NCCN)
suggests considering FDG-PET/CT if metastasis
is suspected at initial staging and for evaluation of
suspected recurrence.

2-Deoxy-2-[18F]fluoro-D-glucose PET/
Magnetic Resonance

Data onPET/MRare not as extensive as for PET/CT
because of its recent clinical adoption. However, in
gynecologic as well as nongynecologic malig-
nancies, several investigators35–37 have already
noted that PET/MR is superior to PET/CT in diag-
nosing brain and liver metastases, as well as
removing the diagnostic uncertainty of some
abdominal findings; nonetheless, PET/CT remains
superior for diagnosing lungmetastases. No statis-
tically significant advantage of PET/MR compared
from ClinicalKey.com by Elsevier on September 02, 
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Table 3
Summary of the revised International Federation of Gynecology and Obstetrics staging of endometrial
cancer with adaptation of magnetic resonance findings27

Stage I Carcinoma confined to the uterus

IA <50% invasion of the myometrium
MR: abnormal signal intensity in endometrial cavity or

confined to inner half of myometrium

IB �50% invasion of the myometrium
MR: extends into the outer half of myometrium

Stage II Cervical stromal invasion without extension beyond the
uterus

MR: disruption or focal thinning of cervical stroma

Stage III Carcinoma spread locally

IIIA Serosal or adnexal invasion
MR: disruption or irregular uterine contour caused by tumor;

ovarian nodular tumor

IIIB Vaginal or parametrial involvement
MR: direct tumor extension of upper vagina or/and

parametrial tissues

IIIC Metastasis to pelvic or para-aortic lymph nodes

IIIC1 Metastasis to pelvic lymph node
MR: lymph nodes >8 mm in short axis

IIIC2 Metastasis to para-aortic lymph node
MR: lymph nodes >10 mm in short axis

Stage IV Extension to the pelvic wall, lower one-third of the vagina, or
hydronephrosis or nonfunctioning kidney

IVA Bladder or bowel mucosal invasion
MR: disruption of bladder or bowel muscular wall with

mucosal invasion; not bullous edema

IVB Distant metastases, including abdominal, or involvement of
inguinal lymph nodes

MR: tumor deposits at distal sites including peritoneal
metastasis, bladder, bone liver metastasis, and distal lymph
node metastases
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withPET/CThasbeenascertained, but data remain
limited. Tsuyoshi and colleagues38 found that non-
enhanced PET/MR has similar accuracy to
contrast-enhanced CT and that greater SUV/
apparent diffusion coefficient (ADC) ratio corre-
latedwith high-risk cancers.39 One of the important
advantages of PET/MR, which contributed to the
addition ofMR, is the evaluationofmyometrial inva-
sion because of its high soft tissue resolution.40 In-
tegrated PET/MR proved significantly more
accurate than PET/CT. Bian and colleagues40 re-
ported an overall detection accuracy of myometrial
invasion for PET/CT and integrated PET/MR of
45.9% and 81.8%, respectively (P<.001). The
depth of myometrial invasion is an important prog-
nostic factor because it strongly correlates with the
risk of lymph nodemetastasis and prognosis in pa-
tients with endometrial cancer.41 Fig. 3 shows an
example of FDG-PET/MR and the superiority of
MR in evaluation of endometrial cancer.
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16a-18F-fluoro-17b-estradiol PET

Endometrial cancer is traditionally divided into es-
trogen dependent (type 1) and estrogen indepen-
dent (type 2).42 The presence of ERa and
progesterone receptor in endometrial carcinoma
correlates positively with clinical response rate and
improved survival, and thus is a potential predictive
and prognostic biomarker.43 Tsujikawa and col-
leagues44,45 showed that increasing ratios of FDG/
FES uptake can be used as a predictor of not only
malignant versus benign tumors but also of malig-
nant aggressiveness and stage. They determined
an optimal cutoff ratio of 2.0 resulting in 73% sensi-
tivity, 100%specificity, and86%accuracy for differ-
entiating malignant from benign lesions,
outperforming the 77% accuracy for MR imaging,
and noted that a cutoff ratio of 0.5 differentiated car-
cinoma from hyperplasia with 100% accuracy.44,45

Results suggest that endometrial carcinoma has a
versity from ClinicalKey.com by Elsevier on September 02, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.



Fig. 1. Restaging FDG-PET/CT of a 72-year-old woman with recurrent endometrial malignant mixed müllerian tu-
mor (carcinosarcoma) after hysterectomy, salpingo-oophorectomy, and adjuvant chemotherapy. (A) Axial
contrast-enhanced CT image shows a large multilobulated right external iliac lymph node (arrowheads). (B)
Maximum intensity projection (MIP) image show markedly hypermetabolic lymphadenopathy along the right
external and common iliac chains (arrowheads), as well as in the retroperitoneum (arrows).

Fig. 2. FDG-PET/CT of a 69-year-old woman with recurrent poorly differentiated endometrial adenocarcinoma in
the vaginal wall, presenting 13 years after original cancer resection. (A) Axial contrast-enhanced CT image shows
an enhancing nodule along the left vaginal wall (arrowheads) without additional sites of metastasis. (B, C) PET/CT
performed 4 weeks later confirmed a hypermetabolic recurrent left vaginal wall nodule (arrowheads) with (D) a
metastatic hypermetabolic mesenteric lymph node (short arrows in B and D), which retrospectively was present
on (E) the prior CT (arrow). (D, E) A dilated right ureter caused by a distal ureteral stricture (asterisks) and a left
nephrostomy tube (long arrow in B) are also present.
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Fig. 3. A 64-year-old woman with postmenopausal vaginal bleeding. Pelvic examination showed a bulky cervix
with central ulceration, and biopsy was consistent with endometrial endometrioid adenocarcinoma, Interna-
tional Federation of Gynecology and Obstetrics (FIGO) grade II. FDG-PET/MR imaging was performed for initial
staging. (A) MIP and (B) axial attenuation-corrected PET images show a markedly hypermetabolic mass (arrow-
heads) in the endometrial cavity corresponding with a heterogeneously enhancing mass (arrowheads) on (C) axial
T1-postcontrast MR imaging and (D) fused images. Incidentally noted was a hypermetabolic focus in the sigmoid
colon (circle in A), corresponding with a 3-cm excised tubulovillous adenoma on subsequent colonoscopy.
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reduced estrogen dependency and increased
glucose metabolism. Zhao and colleagues46 evalu-
ated FDG and FES as noninvasive biomarkers to
assessuterine tumorhormone-receptorexpression,
glucose metabolism, and proliferation and as a tool
to differentiate between uterine leiomyomas and
sarcomas. They found a similar relationship of
increased FDG/FES ratio in sarcomas compared
with leiomyomas of 5.9 � 3.9 versus 0.9 � 0.5,
respectively.46 Now that FES is approved in breast
cancer, it is possible that this tracer will be available
for evaluating gynecologic cancers in the future.

30-Deoxy-3’-[18F]fluorothymidine PET

Uterine leiomyoma is a common benign endome-
trial tumor, whereas leiomyosarcoma is a rare ma-
lignant tumor. However, leiomyomas occasionally
Downloaded for Anonymous User (n/a) at Costa Rica Uni
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resemble leiomyosarcoma on MR imaging and
clinical presentation. Limited data are available
for using FLT to distinguish between benign and
malignant leiomyomas such as leiomyosarco-
mas.47 Yamane and colleagues47 showed that,
although FDG and FLT both had sensitivities and
negative predictive values (NPVs) for malignancies
of 100%, FLT had better specificity, positive pre-
dictive value (PPV), and accuracy of 90.0%,
83.9%, and 93.3% compared with FDG values of
70.0%, 62.5%, and 80.0%, respectively. They
also noted that FLT had better correlation with
Ki-67 labeling index compared with FDG, with
R2 5 0.91 compared with R2 5 0.26. Thus, it is
possible that FLT-PET will become a valuable
diagnostic tool for differentiating uterine leiomyo-
sarcoma from leiomyoma in the future.
versity from ClinicalKey.com by Elsevier on September 02, 
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Table 4
Summary of the revised International
Federation of Gynecology and Obstetrics
staging of cancer of the ovaries, fallopian
tubes, and primary peritoneal cancer52

Stage I Carcinoma limited to the
ovary (or ovaries) or
fallopian tubes without
spread to nearby lymph
nodes or to distant sites

IA Carcinoma in 1 ovary or 1
fallopian tube, but not on
their outer surfaces. No
cancer cells in the ascites or
washings from the
abdomen and pelvis

IB Carcinoma in both ovaries or
fallopian tubes but not on
their outer surfaces. No
cancer cells in the ascites or
washings from the
abdomen and pelvis

IC Carcinoma in both ovaries or
fallopian tubes and any of
the following are present:

IC1 Surgical spill

IC2 Capsule ruptured before
surgery or tumor on ovarian
or fallopian tube surface

IC3 Cancer cells in the ascites or
washings from the
abdomen and pelvis

Stage II Carcinoma in 1 or both ovaries
or fallopian tubes with
pelvic extension (below
pelvic rim) or primary
peritoneal cancera without
spread to nearby lymph
nodes or to distant sites

IIA Extension and/or implants on
uterus and/or fallopian
tubes and/or ovaries

IIB Extension to other pelvic
intraperitoneal tissues

Stage III Carcinoma involves 1 or both
ovaries or fallopian tubes, or
primary peritoneal cancer,
with cytologically or
histologically confirmed
spread to the peritoneum
outside the pelvis and/or
metastasis to the
retroperitoneal lymph
nodes without distant
metastasis

IIIA1 Positive retroperitoneal
(pelvic and/or para-aortic)
lymph nodes only

IIIA2 Microscopic extrapelvic (above
the pelvic rim) peritoneal
involvement with or
without positive
retroperitoneal lymph
nodes

IIIB Macroscopic peritoneal
metastasis beyond the pelvis
up to 2 cm in greatest
dimension, with or without
metastasis to the
retroperitoneal lymph
nodes

IIIC Macroscopic peritoneal
metastasis beyond the pelvis
more than 2 cm in greatest
dimension, with or without
metastasis to the
retroperitoneal lymph
nodes (includes extension of
tumor to capsule of liver and
spleen without
parenchymal involvement
of either organ)

Stage IV Carcinoma has spread beyond
abdomen and to distant
organs

IVA Cancer cells in the pleural fluid

IVB Spread to distant organs

a There is no stage I peritoneal cancer.

Friedman et al820
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OVARIAN CANCER

Ovarian cancer is classified into 3 categories
based on histology: epithelial, germ cell, and sex
cord–stromal tumors. Epithelial ovarian cancer ac-
counts for 95% of ovarian malignancies48 and
originates from the surface epithelial layer of the
ovaries or from the distal fallopian tubes.49 The
ovaries are also a common location of metastatic
disease, with 5% to 30% of ovarian cancers being
metastatic, primarily from the gastrointestinal
tract.50 Early diagnosis is difficult because of the
lack of screening and nonspecific symptoms,
leading to advanced stage (III or IV) at the time of
diagnosis in most patients.51 Ovarian cancer is
surgically staged and, thus, the FIGO staging sys-
tem for this cancer, summarized in Table 4, is sur-
gically based and is defined by the extent and
location of disease noted on cytoreduction (ie,
debulking) surgery and biopsies.52

Ovarian nodal metastatic pattern differs from
other gynecologic malignancies because of the
embryologic location and subsequent descent.
Metastases first spread to retroperitoneal lymph
nodes (pelvic and/or para-aortic) representing
stage IIIA1.29 Para-aortic nodal disease typically
from ClinicalKey.com by Elsevier on September 02, 
Copyright ©2021. Elsevier Inc. All rights reserved.
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first occurs at L1 to L2 level and then spreads
retrograde toward the aortic bifurcation. Pelvic
pathways follow the ovarian branches of the uter-
ine vessels laterally and extend to external iliac
lymph nodes. Mesenteric and inferior phrenic
pathways are less common.
2-Deoxy-2-[18F]fluoro-D-glucose PET

Benign and physiologic uptake patterns overlap,
with physiologic uptake most commonly seen in
corpus luteumcysts and endometriomas.53 Benign
ovarian lesions thatmight show increased FDGup-
take also include cystadenomas, teratomas, the-
comas, hydrosalpinx, and granulation tissue.53

FDG-PET/CT can play a role in detectingmalignant
transformation of endometriomas, because they
tend to have higher SUV, with an SUVmax of 4.0 be-
ing suggested as a cutoff.54

Epithelial ovarian cancers show variable degree
of FDG uptake, and the SUVmax correlates posi-
tively with chemosensitivity and with Ki-67 index,55

which is likely a macroscopic reflection of the pos-
itive correlation between GLUT-1 (glucose trans-
porter 1) expression and tumor proliferation.56

Although GLUT-1 overexpression is associated
with epithelial malignancy, the prognostic value of
SUV for FDG is not well established.56,57 Patient
survival is directly linked to successful surgical
resection of all malignancy, with unsuccessful
debulking and residual tumor greater than 1 cm
resulting in increasedmorbidity without associated
survival benefit.24 FDG-PET/CT in combination
with laparoscopy improves detection of disease
and increases the likelihood of successful
debulking.58

FDG-PET/CT performs better than diagnostic
CT in preoperative staging, providing 69%
concordance with final surgical staging, and
78% concordance when PET is combined with
contrast-enhanced CT, compared with 53% by
CT alone.59,60 Fig. 4 shows the greater sensitivity
of FDG-PET/CT for showing metastatic deposits
compared with the corresponding contrast-
enhanced CT in a patient with a high-grade se-
rous carcinoma of the right ovary and peritoneal
carcinomatosis at initial staging. Preoperative
FDG-PET/CT has been consistently shown to
provide high specificity for detecting sites of
distant metastatic disease, may alter therapy
and direct surgery in patients with advanced dis-
ease, and provides a baseline to monitor
treatment.24,61

FDG-PET has a strong role for monitoring ther-
apy and restaging, and outperforms conventional
imaging with reported PPV greater than 90% in
the setting of increased cancer antigen (CA) 125
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level tumor marker,62,63 and can also detect dis-
ease in symptomatic patients with normal CA-
125 levels.64 An example for FDG-PET detection
of recurrent high-grade ovarian serous carcinoma
is shown in Fig. 5. FDG-PET/CT confirmed locally
recurrent left vaginal cuff disease and identified an
additional unsuspected metastatic retroperitoneal
lymph node.

2-Deoxy-2-[18F]fluoro-D-glucose PET/
Magnetic Resonance

Similar to endometrial cancer, PET/MR is not yet
officially endorsed for standard-of-care work-up.
Although many groups have failed to show a sig-
nificant difference between PET/MR and PET/CT
results, a few groups showed advantages of
PET/MR. Fiaschetti and colleagues65 found FDG-
PET/MR to have superior sensitivity, specificity,
PPV, and NPV (n 5 19) compared with FDG-
PET/CT and MR-only imaging, with PET/MR
detecting 95% of the malignant lesions (18 out of
19) compared with 74% with PET/CT (14 out of
19). Nakajo and colleagues66 found that PET/MR,
specifically PET/T2-weighting imaging, better
localized disease sites compared with PET/CT
(n 5 31).

16a-18F-fluoro-17b-estradiol PET

Seventy percent of epithelial ovarian cancer is ERa
positive,10 but only 19% of patients show objec-
tive response to endocrine therapy, with 51%
reporting clinical benefit.67–69 In patients with
epithelial ovarian cancer, van Kruchte and col-
leagues10 found a significant correlation between
FES uptake and the semiquantitative immuno-
score for tumor ERa (r 5 0.65, P<.01) based on a
sample size of 28 lesions. They proposed a
threshold of SUVmax greater than 1.8 resulting in
a 79% sensitivity, 100% specificity, and AUC of
0.86 (95% CI, 0.70–1.00) to distinguish ERa-posi-
tive from ERa-negative lesions.10

CERVICAL CANCER

Papanicolaou (Pap) screening and human papillo-
mavirus (HPV) vaccination have resulted in the
marked reduction of cervical cancer. Pap
screening often leads to diagnosis in premalignant
or early stage. HPV types 16 and 18 are respon-
sible for approximately 75% of HPV-related can-
cers. Risk factors include smoking, number of
sexual partners, early age of first coitus, diethylstil-
bestrol exposure, compromised immune system,
long-term oral contraceptive use, and HPV infec-
tion.70 Early-stage cancer has a good prognosis
of nearly 90% survival at 5 years and is treated
versity from ClinicalKey.com by Elsevier on September 02, 
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Fig. 4. A 77-year-old woman with high-grade serous carcinoma of the right ovary. Initial staging FDG-PET/CTwas
performed after contrast-enhanced CT of the abdomen and pelvis. (A) MIP PET images show a large hypermeta-
bolic right pelvic primary malignancy (arrowheads) and peritoneal carcinomatosis, which is better appreciated on
(B) axial attenuation-corrected PET and (C) CT images (arrows), extending into an umbilical hernia. Metastatic de-
posits posterior to the liver (arrowheads) can also be visualized on the (D) sagittal PET image and (E) fused PET/CT
image. These deposits are harder to appreciate on (F) corresponding sagittal contrast-enhanced CT image (circle);
the CT scan was performed 10 days after the PET/CT.
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Fig. 5. FDG-PET/CT of a 66-year-old woman with recurrent ovarian high-grade serous carcinoma after hysterec-
tomy, salpingo-oophorectomy, and adjuvant intraperitoneal chemotherapy. (A) PET MIP and (B) axial T2-
weighted MR imaging show a recurrent nodule in the left vaginal cuff (arrowheads). MIP and (C) axial-fused
PET/CT images confirm intense hypermetabolic activity within the recurrent left vaginal cuff nodule (arrowheads)
posterior to the urinary bladder, and an additional metastatic retroperitoneal lymph node (arrow on MIP).
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with surgical resection, whereas more advanced
locally invasive cancers may need definitive che-
moradiation. Neoadjuvant therapy is uncommon;
advanced stage IV cancer has a 5-year survival
rate of only 16%.24

Although FIGO staging originally did not incor-
porate imaging, revised FIGO staging now enables
stage IIIC involvement of pelvic and/or para-aortic
lymph nodes to be documented by imaging and/or
pathology, and is summarized in Table 5,71 high-
lighting the importance of nodal status in disease
staging. Typical progress of cervical cancer is in-
vasion into the cervical stroma, followed by direct
invasion into adjacent parametrium, uterine body,
and vagina, and then lymphatic spread. Lymph
node metastatic pattern progresses from pelvic
Downloaded for Anonymous User (n/a) at Costa Rica Uni
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to para-aortic lymph nodes, before distant supra-
clavicular nodal spread. Hematogenous spread
is more typical with advanced disease. An
example of an initial staging FDG-PET/CT is pre-
sented in Fig. 6, which shows a hypermetabolic
primary cervical lesion as well as metastatic left
iliac chain lymph nodes; difficulty in assessing
local invasion on FDG-PET/CT, requiring MR im-
aging, is also shown in this example. Prognosis
is largely determined by the presence and extent
of lymph node involvement, and the presence of
metastatic supraclavicular nodes typically indi-
cates an extremely poor prognosis. In patients
who undergo surgery, the parametrial surgical
margins are also an important prognostic factor.72
versity from ClinicalKey.com by Elsevier on September 02, 
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Table 5
Revised International Federation of
Gynecology and Obstetrics staging of cervical
cancer, 201871

Stage I Carcinoma limited to the
uterine cervix

IA Invasive carcinoma that can be
diagnosed only with
microscopy, with maximum
depth of invasion <5 mm

IA1 Stromal invasion <3 mm in
depth

IA2 Stromal invasion �3 mm and
<5 mm in depth

IB Invasive carcinoma confined
to the uterine cervix, with
measured deepest invasion
�5 mm

IB1a Tumor measures <2 cm in
greatest dimension

IB2a Tumor measures �2 cm and
<4 cm in greatest dimension

IB3a Tumor measures �4 cm in
greatest dimension

Stage II Cervical carcinoma invades
beyond uterus but not to
pelvic wall or to lower third
of vagina

IIA Involvement of the upper two-
thirds of the vagina,
without parametrial
involvement

IIA1 Tumor measures <4 cm in
greatest dimension

IIA2 Tumor measures �4 cm in
greatest dimension

IIB Parametrial involvement but
not up to the pelvic wall

Stage III Carcinoma extends to pelvic
wall, and/or involves lower
third of vagina, and/or
causes hydronephrosis or
nonfunctional kidney, and/
or involves para-aortic
lymph nodes

IIIA Involves lower third of vagina,
but no extension to pelvic
wall

IIIB Extension to pelvic wall and/or
hydronephrosis or
nonfunctional kidney from
tumor

IIICa Involvement of pelvic and/or
para-aortic lymph nodes,
irrespective of tumor size
and extent

IIIC1a Pelvic lymph node metastasis
only

IIIC2a Para-aortic lymph node
metastasis

Stage IV Carcinoma has extended
beyond the true pelvis or
has involved (biopsy-
proven) mucosa of bladder
or rectum

IVA Spread to adjacent pelvic
organs

IVB Spread to distant organs

Uterine sarcomas have a different FIGO staging.
a Indicates stages that are new from the 2009 FIGO sys-

tem. Stage IIIC can be documented by imaging and/or
pathology.

Friedman et al824
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FDG-PET

FDG-PEThasa limited role indiagnosis andstaging
of early cervical cancer, because it suffers from
poor sensitivity in the detection of pelvic and
para-aortic lymph nodes in early-stage disease;
lymphadenectomy is required for disease confir-
mation and staging, although it is not routinely per-
formed because of its high morbidity.73,74

Nonetheless, sensitivity of FDG-PET for detection
of lymph node metastasis increases with more
advanced disease. There are many studies in the
literature that evaluated the utility of FDG-PET in
cervical cancer. In an early study, Grigsby and col-
leagues75 showed that FDG-PET was superior to
CT in the detection of abnormal nodes and predic-
tion of treatment outcome. In a later study, they
showed that the frequency of FDG-avid lymph
nodes correlates with disease stage.76 Patients
with FDG-avid lymph nodes have poorer outcomes
compared with patients without FDG-avid lymph
nodes within the same stage.76 A meta-analysis
performed by Choi and colleagues73 showed that
FDG-PET/CT significantly outperformed CT and
MR imagingwith apooled sensitivity and specificity
of 82% and 95%, respectively, with region-based
or lymph node–based sensitivity and specificity of
54% and 97%, respectively.
Although FDG-PET may not play a substantial

role in disease staging at early stages, it is used
to help optimize therapy planning, particularly in
radiation therapy planning, and it also provides
prognostic information.77 Pretreatment disease
showing greater SUVmax in the primary or locore-
gional lymph node metastases is associated with
poor outcomes. Pan and colleagues78 reported
that an SUVmax greater than or equal to 11.2 of
the primary tumor significantly (P 5 .0099) pre-
dicted worse prognosis. In addition, other FDG pa-
rameters of the primary tumor, such as MTV and
from ClinicalKey.com by Elsevier on September 02, 
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Fig. 6. Initial staging FDG-PET/CT of a 39-year-old woman presenting with abnormal vaginal bleeding caused by
cervical cancer. Pelvic examination revealed a cervical mass, and biopsy confirmed invasive squamous cell carci-
noma. (A) PET MIP, (B) axial CT, and (C) fused axial PET/CT images show a hypermetabolic primary mass in the uter-
ine cervix (arrowheads) with metastatic left iliac chain lymph nodes (arrows). (D) Coronal T2-weighted MR
imaging shows left parametrial invasion, which is hard to appreciate on PET/CT, as shown by infiltrative interme-
diate signal intensity lines (short arrows) causing disruption of the low signal intensity of the left cervical stromal
ring compared with the normal right side (white arrowheads).
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TLG, have been shown to correlate with patient
outcome and survival.79

FDG-PET also has a role in monitoring therapy
response and restaging, with sensitivity ranging
between 85% and 100% for recurrent or persis-
tent tumors, including asymptomatic patients.80,81

Grigsby and colleagues82 determined that post-
treatment abnormal FDG uptake (persistent or
new) was the most significant prognostic factor
(P<.0001) for death from cervical cancer. In a
multivariate analysis of prognostic factors, they
found a 2-year progression-free survival of 86%
for patients without abnormal FDG uptake at any
site, but only 40% for those with persistent
abnormal uptake. Moreover, there were no survi-
vors at 2 years among patients who developed
new sites of abnormal FDG uptake (P<.0001).82

Siva and colleagues83 had similar findings and
calculated a distant failure rate 36-fold lower in pa-
tients with complete metabolic response
compared with those with only partial response.

2-Deoxy-2-[18F]fluoro-D-glucose PET/
Magnetic Resonance

Although separate MR anatomic imaging and PET/
CT both play a role in staging, data on PET/MR
remain limited. The investigation of gynecologic
malignancies with PET/MR has generally com-
bined endometrial, ovarian, and cervical cancers,
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and findings have been generalized across
different malignancies. There are a few reports of
particular cases where PET/MR changed staging
compared with PET/CT. Schwartz and col-
leagues84 noted 6 of 18 patients with parametrial
invasion and 1 patient with bladder invasion on
PET/MR that was not detected on PET/CT. In
addition, 5 patients had discordant PET/MR stag-
ing compared with clinical staging, of whom 2 pa-
tients had management changes because of IIB
radiographic staging compared with the original
IB1 clinical staging. PET/MR has been shown to
have high accuracy in determining T stage and
lymph node status in cervical cancer. Grueneisen
and colleagues85 reported that PET/MR imaging
was 85% accurate (23 of 27 patients) in determina-
tion of the T stage and 93% accurate for nodal
detection. Mayerhoefer and colleagues36 also
described change in management of a patient
with cervical cancer (9 of 330 patients had gyneco-
logic malignancies) by showing lack of urinary
bladder infiltration on PET/MR, which was unclear
on the correlating PET/CT, and resulted in the pa-
tient receiving both surgery and chemotherapy
rather than only chemotherapy. Several studies re-
ported significant associations between PET/MR
biomarkers and several prognostic factors,
including tumor size, grade, stage, and lymph
node metastasis.85–87 In a recent study, Shih and
versity from ClinicalKey.com by Elsevier on September 02, 
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colleagues88 reported that PET/MR biomarkers of
cervical cancer are associated with tumor stage
and survival; SUVmax and minimum ADC were in-
dependent predictors of progression-free survival
and overall survival, respectively.
30-Deoxy-3’-[18F]fluorothymidine PET

Concurrent use of radiation therapy with chemo-
therapy is the standard-of-care therapy for most
patients with cervical cancers, but increased he-
matologic toxicity caused by irradiation of physio-
logic active bone marrow is a common
problem.89,90 FLT-PET has been proposed to
identify active bone marrow distribution, enabling
tailoring radiation treatment to minimize collateral
damage. McGuire and colleagues16 studied a
Fig. 7. FDG-PET/CT of a 77-year-old woman with recent di
for initial staging. (A) PET MIP image shows a markedly h
metastatic right inguinal lymph nodes (arrows). (B) Axial
PET/CT images show the primary hypermetabolic carcinom
astatic right inguinal lymph nodes.
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combination of patients with cervical and head/
neck cancers. They showed that reducing bone
marrow radiation dose with the aid of FLT-PET
enabled a higher proportion of patients to com-
plete a full course of treatment and reduced
bone marrow toxicity.16 Although FDG can also
identify active bone marrow, a small study by
Wyss and colleagues91 showed that FLT had a
higher interpatient consistency, and therefore
may be the better imaging agent.
Copper-labeled Diacetyl-bis(N4-
ethylthiosemicarbazone) PET

Dehdashti and colleagues21,22 evaluated pretreat-
ment cervical cancer hypoxia by 60Cu-ATSM and
found an inverse correlation between tracer
agnosis of vulvar squamous cell carcinoma presenting
ypermetabolic primary vulvar lesion (arrowhead) with
CT, (C) axial attenuation-corrected PET, and (D) fused
a (arrowheads). Surgical pathology confirmed 7 met-
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uptake and progression-free survival. A tumor/
muscle uptake (T/M) ratio greater than 3.5 corre-
lated with hypoxic tumors, and these patients
were likely to develop recurrence with only a
28% 3-year progression-free survival compared
with 71% in normoxic tumors with T/M less than
or equal to 3.5. However, there was no significant
difference between hypoxic and normoxic FDG
uptake, and FDG uptake did not correlate with
60Cu-ATSM uptake. 60Cu-ATSM uptake has been
shown to correlate with FDG-positive lymph nodes
and hypoxia-related tumor molecular markers,
including vascular endothelial growth factor,
cyclooxygenase-2, EGFR, carbonic anhydrase IX
(CA-9), and apoptotic index.92 Subsequent studies
comparing 60Cu-ATSM and 64Cu-ATSM showed
similar findings but lower noise, resulting in better
image quality with 64Cu-ATSM.23

VAGINAL CANCER

Vaginal cancer is rare, representing only 10% of all
vaginal malignant neoplasms, and most
commonly affects elderly postmenopausal
women. Typical presentation is vaginal bleeding
or an odorous discharge. Nearly 90% of cases
are squamous cell carcinoma, and 8% to 10% of
cases are adenocarcinoma. Surgery is limited to
early-stage small cancers less than 2 cm, with
chemoradiation therapy required for more
advanced cases.93

Nodal involvement at the time of diagnosis is
less common, involving 16% to 40% of cases,
but is important because it is associated with
worse prognosis and influences management.
Vaginal cancer with nodal involvement is typically
treated with radiation therapy.29 Pelvic and
inguinal lymph node involvement is considered
locoregional disease, with spread via the superfi-
cial inguinal pathway, and secondary drainage to
the external iliac lymph nodes; confluence of path-
ways can result in contralateral spread, and later-
ality is therefore not taken into account for staging.

2-Deoxy-2-[18F]fluoro-D-glucose PET

Data on the role of FDG-PET in vaginal cancers are
much sparser compared with endometrial, cervi-
cal, and ovarian. Lamoreaux and colleagues94

showed that FDG-PET detects the primary tumor
and abnormal lymph nodes more often than diag-
nostic CT. Robertson and colleagues95 studied 29
patients with vaginal cancer and found that the
physician’s prognostic impression changed in 13
of the 29 cases (45%) based on the FDG-PET/
CT, 7 patients receiving a better prognosis and 6
receiving a worse prognosis. They also suggested
that PET/CT was able to identify abnormalities not
Downloaded for Anonymous User (n/a) at Costa Rica Uni
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seen on diagnostic CT, but the limited number of
patients in the study precludes meaningful statisti-
cal analysis.95 However, the ultimate role of FDG-
PET in detecting and monitoring vaginal cancer
still requires further studies.

VULVAR CANCER

Vulvar cancer is rare and often diagnosed in early
stages. Squamous cell cancer represents 90% of
cases. Risk factors included advanced age, HPV
infection, cigarette smoking, inflammatory condi-
tions of the vulva, and immunodeficiency. Stan-
dard treatment is radical surgery and sentinel
lymph node biopsy with possible inguinofemoral
lymphadenectomy.96

Nodal metastatic disease is the most important
prognostic factor, with 90% survival rate for pa-
tients with negative inguinal lymph nodes
compared with 50% for those with histologically
positive inguinal lymph nodes.29 One or multiple
metastatic nodes, short-axis diameter, and pres-
ence of extracapsular spread or ulcerated inguinal
adenopathy are all crucial details. As with vaginal
cancers, laterality of the locoregional lymph nodes
is not considered prognostic.

2-Deoxy-2-[18F]fluoro-D-glucose PET

Although data are not as sparse as for vaginal can-
cer, evaluation of the role of FDG-PET remains
much more limited compared with endometrial,
cervical, and ovarian cancers. Several studies
have suggested that FDG-PET is useful for detect-
ing nodal and distant metastases.97,98 In partic-
ular, Cohn and colleagues98 reported a sensitivity
of 80%, specificity of 90%, PPV of 80%, and
NPV of 90% on a patient-by-patient basis. More
recently, Kamran and colleagues99 reported a
sensitivity of 50%, specificity of 100%, PPV of
100%, and NPV of 57.1% for detection of lymph
node metastases. They concluded that the poor
sensitivity makes it unsuitable as a substitute for
lymphadenectomy. Similar to their findings on
vaginal cancer, Robertson and colleagues95 found
that the physician’s prognostic impression
changed in 29 of the 54 cases of vulvar cancer
(54%). Although ultimately still to be proved, iden-
tification of metastatic pelvic nodes on FDG-PET
may allow patients to avoid morbidity with unnec-
essarily extensive surgery in favor of chemoradia-
tion.100 Investigators such as Lin and
colleagues101 showed that false-positive locore-
gional and distant metastases on PET are com-
mon, and recommended caution with
interpretations. Fig. 7 shows FDG-PET/CT at initial
staging of vulvar squamous cell carcinoma with
metastatic inguinal lymph nodes.
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ission. Copyright ©2021. Elsevier Inc. All rights reserved.



� FDG-PET/CT has a limited role in initial stag-
ing of gynecologic cancers and is insufficient
to replace lymphadenectomy.

� FDG-PET/CT can play a role in identification of
distant metastases and treatment planning
for gynecologic cancers.

� SUVmax has been correlated with greater
endometrial tumor aggressiveness.

� No statistically significant advantage of PET/
MR compared with PET/CT has been ascer-
tained, but data remain limited.

� PET/CT is superior to PET/MR for detecting

Friedman et al828
FUTURE DIRECTIONS

Several non-FDG tracers have shown promise in
evaluating specific phenotypes of gynecologic
cancers. These tracers may have a future role in
gynecologic imaging. Somatostatin receptor im-
aging, typically performed with 68Ga-1, 4, 7, 10-
tetraazacyclododecane- N, N0, N00, N000-tetraacetic
acid-D-Phe 1-Tyr 3-octreotide (DOTATOC) and
64Cu-1, 4, 7, 10-tetraazacyclododecane-N, N0,
N00, N000-tetraacetic acid-D-Phe 1, Tyr 3-octreotate
(DOTATATE), can be used to be evaluate rare
neuroendocrine variants of cervical and ovarian
cancers.102–106 Vaginal and vulvar human
epidermal growth factor receptor (HER) imaging
targets HER2 and HER3, using 89Zr-labeled and
64Cu-labeled antibodies, is another class of
tracers. HER3 overexpression is strongly associ-
ated with poor prognosis and could play a role in
prediction and monitoring of response to HER3-
directed therapy in gynecologic cancers, particu-
larly ovarian cancer.107,108 Poly(ADP-ribose)
polymerase (PARP) inhibitors are an emerging
therapeutic class of anticancer drugs with the po-
tential to treat cancers that are deficient in DNA
repair machinery. 18F-FluorThanatrace (FTT), a
PARP imaging tracer, is a radiolabeled analogue
of the PARP inhibitor rucaparib. FTT is currently
in clinical trials in several cancers and has the po-
tential for predicting patient response to PARP-
inhibiting therapy, particularly in patients with
ovarian cancer.109,110 FLT, a marker of cell prolifer-
ation rate, may be useful in patients with ovarian
cancers, identifying malignant lesions and predict-
ing response to therapy.111–113
lung metastases.

� FDG-PET/MR has superior accuracy for detect-
ing myometrial invasion in endometrial can-
cer, which is an important prognostic factor.

� Ovarian nodal metastatic pattern differs from
other gynecologic malignancies because of
their embryology, with metastases first
spreading to retroperitoneal lymph nodes
(pelvic and/or para-aortic).

� FDG-PET/CT ovarian cancer uptake patterns
overlap with physiologic uptake most
commonly seen in corpus luteum cysts and
endometriomas.

� Ovarian cancer SUVmax for FDG correlates
positively with chemosensitivity and with Ki-
67 index.

� FDG-PET/CT in combination with laparoscopy
improves detection of ovarian cancer disease
and increases the likelihood of successful
debulking.

� FDG-PET/CT performs better than CT in preop-
erative staging of ovarian cancer.
SUMMARY

Gynecologic cancer staging and management
require a multidisciplinary approach with primary
oncological and surgical teamsworking in conjunc-
tionwith radiology andnuclearmedicine physicians
to provide patients with optimal care. PET plays a
limited role in early-stage disease because this is
governed by local disease extent and spread, and
is better evaluated with diagnostic CT and MR im-
aging, and confirmed after possible surgical inter-
vention. FDG-PET plays a role in advanced
disease, has been proven to have greater sensitivity
compared with CT andMR imaging alone for many
of the gynecologicmalignancies, and can spare pa-
tients unnecessary surgeries. FIGO staging is start-
ing to acknowledge the role and advantage of
imaging, and the recent update for cervical cancer
now allows for upstaging of cervical cancer based
on radiologic identification of pelvic and/or para-
aortic lymph node disease.
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FDG-PET/MR remains an emerging technol-
ogy with data currently insufficient to show supe-
riority compared with PET/CT, but several
reports suggest superior information of PET/MR
on local spread compared with FDG-PET/CT, ul-
timately leading to change in management.
DOTATATE-PET/CT can be a useful tool in map-
ping disease of rare gynecologic neuroendocrine
malignancies of the cervix and ovaries. A brief
introduction of other emerging PET tracers is
also provided, and although many of these
tracers show promise for specialized cancer im-
aging and characterization, they are currently
only used in research settings. Additional studies
and data are required to confirm their utility and
role in clinical management.
CLINICS CARE POINTS
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� FDG-PET/CT outperforms conventional imag-
ing for monitoring therapy and restating of
ovarian and cervical cancers.

� Revised cervical cancer FIGO staging now en-
ables stage IIIC involvement of pelvic and/or
para-aortic lymph node disease to be docu-
mented by imaging and/or pathology.

� FDG-PET/CT sensitivity for metastatic cervical
cancer increases with more advanced disease,
and outperforms CT and MR imaging in the
detection of abnormal nodes and prediction
of treatment outcome.

� FDG-avid lymph nodes in cervical cancer
correlate with poorer outcomes compared
with patients without FDG-avid lymph nodes
within the same stage of disease.

� FDG-PET/CT data for vaginal and vulvar can-
cers are sparse, and more studies are required
to determinate its ultimate role.

PET Imaging for Gynecologic Malignancies 829
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