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Introduction

Gynecologic cancers constitute approximately
20% of visceral cancers in women and are divided
into three major types: ovarian, cervical, and
endometrial cancers. The majority of gyneco-
logic cancers require surgical removal, along
with adjuvant radiotherapy or chemotherapy. The
therapeutic option varies with the type and stage
of cancer. Therefore, accurate staging is neces-
sary for optimal treatment.
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A variety of radiographic techniques are used
for evaluating patients with suspected or diag-
nosed gynecologic malignancies. Unfortunately,
morphologic imaging techniques are not optimal
for diagnosis, staging, or identifying recurrent
disease, when a specific tumor marker, such as
serum CA-125, can hold some value for tracking
status and heralding recurrence during postopera-
tive patient management [1, 2].

The advent of positron emission tomography
(PET) enables us to metabolically detect active
gynecologic cancers with greater accuracy than
anatomic imaging techniques. Furthermore, PET is
more sensitive for the presence of active cancer than
that determined by tumor markers, which, at pres-
ent, are generally available [3]. Currently, most PET
systems are installed as combined PET/computed
tomography (CT) scanners that provide combined
PET and CT images with acceptable precision.
Anatomic information obtained from CT increases
the usefulness of PET because the abdominopelvic
cavity has complex spatial structures. As for other
tumors, fluorine-18-fluorodeoxyglucose (**F-FDG)
is the most commonly used PET agent in gyneco-
logic oncology today.

Ovarian Cancer

Ovarian carcinoma is the leading cause of death
among women with gynecologic malignancies.
There were 25,400 new reported cases of ovarian
cancer, with 14,300 deaths attributed to this dis-
ease in the US in 1999 [4].
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Most ovarian tumors are first discovered when
they are already in the advanced stage. Imaging
techniques are relied on to identify the location of
suspected lesions and to provide optimal treat-
ment in the hope of reducing mortality. Ovarian
cancer commonly seeds the peritoneal surfaces
of the abdomen and pelvis and is often seen on
the serosal and mesenteric surfaces of the large
and small intestine, as well as the liver surface.
The right and left hemidiaphragms are also com-
mon metastatic sites. Ovarian cancer recurs quite
frequent despite successful implementation of
cytoreductive surgery and chemotherapy, and
20-30% of early ovarian cancer and 50-75% of
advanced ovarian cancer recurs although initial
complete remission has taken place. Thus, exact
diagnosis and early detection of recurrence are
crucial to patient management. Ovarian cancer
also has the potential to spread through the lym-
phatic vessels and commonly involves para-aortic
lymph nodes without affecting the pelvic nodes.
Ovarian cancer rarely metastasizes via the blood
to the liver parenchyma, lungs, bones, or brain.

Although the disease usually spreads trans-
peritoneally as tumor implant accompanying
ascites, some tumor seedings are often not visible
by conventional techniques such as sonography,
CT, and MRI. The clinical requirements for PET
imaging in patients with ovarian cancer are pre-
operative diagnosis and staging and differentia-
tion between metastases and nonmalignant
pathologic conditions. For pretreatment staging,
FDG PET could be helpful in a limited patient
group possessing high risks of ovarian cancer.
Because it was recently discovered that PET/CT
could provide additional anatomic information,
PET/CT is expected to be used more for pretreat-
ment staging than PET alone. In addition to stag-
ing, FDG PET could be useful for patients with a
high suspicion of recurrence (i.e., rise of CA-125),
especially in cases where conventional imaging
techniques present no evidence of disease. FDG
PET provides critical information for treatment
planning such as recurrence site or pattern. FDG
PET can evaluate treatment response early and
show a close relationship with overall survival,
although this has not been yet been determined
using large scale clinical trials.
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Differential Diagnosis of Adnexal Mass
and Preoperative Evaluation

Although the CA-125 tumor marker is elevated
in the majority of patients with advanced ovarian
cancer, an established screening procedure for
early detection of ovarian cancer is not yet avail-
able. A mass lesion of the ovary is usually
detected during gynecologic examination,
whereas imaging methods are necessary for eval-
uating the tumor status and spread. Chou et al. [5]
reported a quite high diagnostic accuracy of about
90% for transvaginal color Doppler sonography,
whereas the diagnostic roles of other imaging
modalities have not been fully investigated. Grab
et al. [6] compared diagnostic accuracy of sonog-
raphy, MRI, and PET in the evaluation of adnexal
masses. In a series with 101 patients, sonographic
examination resulted in correct classification of
11 of 12 ovarian malignancies (sensitivity, 92%)
but with a specificity of only 60%. With MRI and
PET, specificities improved to 84% and 80%
respectively, but sensitivities decreased. When all
imaging modalities were combined, sensitivity
and specificity were 92% and 85%, respectively,
and accuracy was 86%. The combination of
sonography with MRI and PET may improve
accuracy in the differentiation of benign from
malignant ovarian lesions. However, MRI, CT,
and FDG PET have not been fully investigated in
their role in the initial workup of all ovarian
tumors. A study reported that ultrasonography,
PET, and MRI were not helpful in selected
women after the diagnosis of ovarian cancer [7].
However, Ju and Kim [8] reported that FDG PET/
CT could be helpful in selected patients with
clinically high suspicion of ovarian malignancy.
They enrolled 101 patients according to CA-125
level, sonography finding, and menstrual status.
In those patients, the sensitivity and specificity
for ovarian cancer were 100% and 92.5%, respec-
tively. FDG PET appeared to be more helpful in
the differential diagnosis of solid ovarian mass
rather than cystic ovarian mass.

The values and limitations of FDG PET in the
diagnosis of suspected primary ovarian cancer
have recently been detailed. It has been reported
that most ovarian carcinomas show an increased



26 Gynecologic Cancers

FDG uptake, whereas the borderline ovarian
tumor shows mild FDG accumulation, which
indicates the modest nature of borderline ovarian
tumor [8]. Borderline ovarian tumor is one of the
most important clinical disease entities, and prog-
nosis is better than for other ovarian malignancy,
although it might require laparotomy and surgi-
cal staging for diagnosis. However, low glucose
metabolism of borderline tumors or early-stage
ovarian cancers, together with high FDG uptake
in inflammatory lesions, diminishes the sensitiv-
ity and specificity of FDG PET for the diagnosis
of primary ovarian cancer [6].
Immunoscintigraphy has been thought to be
the most specific imaging technique, however, it
has not been accepted as a routine method for
imaging. Krag [9] reported that in patients with
ovarian cancer, immunoscinitigraphy had a sen-
sitivity and specificity of 69% and 57%, respec-
tively, for CT, 44% and 79%, respectively.

Preoperative Evaluation of Patients
With a Pelvic Mass

The first report on FDG accumulation in ovarian
cancer was by Hubner et al. [10]. They found a
sensitivity of 93% and a specificity of 82% for
assessing previous tumors. In the preoperative
evaluation of patients with a pelvic mass, PET
has been reported to have positive and negative
predictive values (NPV) of 86% and 76%, respec-
tively, for malignancy. Zimny et al. [11] evalu-
ated FDG PET in 26 patients suspected of having
ovarian cancer. Quantitative analysis revealed a
mean standardized uptake value (SUV) of
6.8+2.3 in primary ovarian carcinoma compared
with 2.6+ 1.2 in benign masses. The sensitivity,
specificity, and diagnostic accuracy were 88%,
80%, and 85%, respectively.

FDG accumulation from an inflammatory
lesion could cause additional issues in ovarian
cancer, such as in other cancers. Schroder et al.
[12] Reported on the preoperative detectability of
FDG PET in ovarian carcinoma. With regard to
metabolic differentiation of primary ovarian
tumors, 24 of 28 the cases (85.8%) were correctly
diagnosed using PET. The only false-positive
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findings resulted from an inflammatory adnexal
mass, which illustrates the limitation of PET in
distinguishing malignant from inflammatory pro-
cesses (also showing an increased glucose metab-
olism). Romer et al. [13] conducted a study
comprising 24 patients, four of 19 with a primary
ovarian mass who had an inflammatory adnexal
process, and showed an increased FDG uptake in
all cases. Because of this fact, in their study, FDG
PET showed a specificity of only 54%, whereas
the sensitivity was 83%. Quantitative analysis of
SUV, as recommended by the interdisciplinary
consensus meeting, does not improve the diag-
nostic differentiation of inflammatory adnexal
masses from malignant tumors.

Staging

Staging diagnosis is one of the major prognostic
factors of ovarian cancer [14]. At diagnosis,
approximately 70% of patients have tumors that
have spread beyond the ovary and pelvis to the
abdomen (stage III) or beyond (stage IV). Fewer
than 20% of patients with advanced ovarian can-
cer (stage III and IV) live for 5 years after diag-
nosis [15]. CT and MRI are not reliable in
evaluating tumor spread because lymph node
metastases and smaller peritoneal implants can
be missed.

At present, exploratory laparotomy is the
“gold standard” in the staging of ovarian cancer.
Staging laparotomy is required for histologic
confirmation of the diagnosis, identification of
tumor spread, and debulking of tumor masses
prior to chemotherapy. Modern imaging tech-
niques have been introduced for preoperative
evaluation of the disease. Sonography, CT, and
MRI, however, lack the potential for distinguish-
ing benign reactive changes from cancer
infiltration [16]. FDG PET can be clinically used
for more complete staging of patients with pri-
mary or recurrent ovarian cancer.

Manuel et al. [17] evaluated the detectability
of FDG PET prior to surgical exploration and
correlated PET images with surgicopathologic
findings in primary ovarian cancer. The sensitiv-
ity and specificity of FDG PET were 78% and



290

86%, respectively. On a region basis (the abdo-
men and pelvis were divided into five regions of
interest) the sensitivity and specificity of PET
were 43% and 92%, respectively, while CT or
MRI was only 29% sensitive. PET is of limited
value for the detection of microscopic seeding.
A typical finding on FDG PET, in cases with peri-
toneal seeding, is diffused and increased uptake
around the peritoneal pouch.

Extraperitoneal Metastasis

Another important strength of FDG PET is the
ability of detecting distant metastasis. Although
distant metastasis (except peritoneal spread) is
not frequent in ovarian cancer, extraperitoneal
involvement such as lymph node metastasis, and
rarely solid organ metastasis, take place. In
advanced cases, FDG PET could detect unex-
pected metastases to the supraclavicular lymph
node or cardiophrenic lymph node. The clinical
importance of this additional extraperitoneal
metastasis remains to be clarified.

Recurrent Ovarian Carcinoma

To date, studies have focused on the role of FDG
PET in patients with recurrent ovarian cancer.
FDG PET can be helpful in detecting small recur-
rent lesions in patients in whom posttherapeutic
alterations in anatomy may make it difficult to
interpret conventional imaging studies. In recent
reports [18-20], FDG PET was superior to con-
ventional CT or MRI for detecting recurrent dis-
ease. The sensitivity was 83-91% versus 45-91%,
and specificity was 66-93% versus 46-84% for
PET and CT/MRI, respectively [18].

Posttreatment Surveillance Without the
Evidence or Suspicion of Recurrence
Second-look laparotomy, defined as “a system-
atic surgical reexploration in asymptomatic
patients who have no clinical evidence of tumor
following initial surgery and completion of a
planned program of chemotherapy for ovarian
cancer” has been widely used to assess response
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to chemotherapy in clinical trials and standard
management of ovarian cancer [21]. However,
the second-look laparotomy does not affect sur-
vival. In patients with advanced disease, as many
as 50% with negative results on second-look lap-
arotomy following combination chemotherapy,
have experienced a subsequent recurrence. This
discouraging statistic suggests that, (1) even a
thorough exploration does not reveal microscopic
residuals in many patients, and (2) this group of
patients should be strongly considered for adju-
vant chemotherapy.

PET has been evaluated as a substitute for
second-look surgery in ovarian cancer patients
with a complete clinical, radiographic, and sero-
logic response following primary surgery and
chemotherapy [22]. Casey et al. [23] studied the
role of PET with second-look laparotomy in
seven patients. PET scans were consistent with
the presence of tumors in all six patients with
residual cancer, even though serum ovarian tumor
markers remained below the normal threshold in
three of the patients at the time of scanning.
Whole-body PET would provide a sensitive non-
invasive “second-look method” with little patient
discomfort, with reasonably fast patient through-
put and at a reasonable cost.

Although PET cannot rule out microscopic
persistent or recurrent disease, a negative scan
provides prognostic information. It has been
demonstrated that patients with a longer relapse-
free interval have a higher likelihood of benefiting
from surgery. Furthermore, the response rate to
re-treatment increases with the duration of the
treatment-free interval. Patients with a 6-month
treatment-free interval have potentially platinum-
sensitive disease and patients with a treatment-
free interval of longer than 24 months have the
greatest likelihood of benefiting from re-treatment.
Zimny et al. [24] reported that the median relapse-
free interval was 20 months for negative PET
scans compared with only 6 months for positive
scans. Chung et al. [25] showed that the median
duration of survival was 29.6 months with the
second-look laparotomy and 30.9 months after
PET (p>0.05) in patients on who PET was per-
formed or second-look laparotomy after primary
chemotherapy.
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In comparing FDG PET with second-look
laparotomy, the sensitivity for small residual
lesions of FDG PET was not as sensitive as for
second-look laparotomy [26, 27]. Therefore, we
do not have enough evidence to recommend FDG
PET as routine substitute for second-look laparo-
tomy. The value of second-look laparotomy
seems questionable in the aspects of safety and
survival gain; and FDG PET is noninvasive and
could evaluate unexpected extraperitoneal distant
metastasis simultaneously. Therefore, FDG PET
could be considered as a substitute for second-
look laparotomy.

Cases With High Risk or Suspicion

of Recurrence

FDG PET can more accurately detect recurrent
lesions in the setting of suspicious recurrence is
clinically high, such as unexplained high CA-125
levels, whereas the accuracy of FDG PET seems
to be lower in the cases of low suspicious recur-
rence. The high accuracy of FDG PET with the
addition of CA-125 suggests that this combina-
tion may have a significant role in the manage-
ment of patients with ovarian cancer. The most
appropriate biopsy site can be localized by PET
prior to tissue changes detected by CT or MRI
[18]. In a study by Zimny et al. [24] with 106
scans obtained from 54 patients, the overall sen-
sitivity and specificity for detecting recurrent
ovarian cancer were 83% and 83%, respectively.
However, the diagnostic accuracy assessed by
receiver operating characteristic analysis varied
between the subgroups of patients enrolled in the
study. PET was more accurate in patients with
suspected recurrence with a diagnostic accuracy
of 93% and sensitivity of 94% compared with
71% and 65% in patients judged as clinically free
of disease [19]. More importantly, the analysis of
patients with rising tumor marker CA-125 and
negative or nondiagnostic findings of conven-
tional imaging revealed a sensitivity of 96% with
only one false-negative result [20]. In a report by
Nakamoto et al. [26] on a patient-based analysis,
overall sensitivity, specificity, and accuracy of
conventional imaging modalities were 73%, 75%,
and 73%, respectively, and these rates improved
t0 92%, 100%, and 94%, respectively, by consid-
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ering both conventional imaging modalities and
PET findings. Although FDG PET is useful in a
setting of high CA-125, FDG PET alone might
be more accurate than CA-125. The sensitivity
and specificity of CT or MRI were 0.68 (range,
0.49-0.83) and 0.58 (range, 0.33-0.80), whereas
those of CA-125 were 0.81 (range, 0.62-0.92)
and 0.83 (range, 0.58-0.96), and those of FDG
PET were 0.90 (range, 0.82-0.95) and 0.86
(range, 0.67-0.96) [19, 20].

Corresponding to the studies where the old
PET scanner was used, many studies using newly
developed PET/CT scanners were reported to
show the same clinical effectiveness as the PET
scanner [28-31] evaluated the lesion detectability
and effectiveness in patients with recurrent ovar-
ian cancer and compared CT with combined PET/
CT. PET/CT identified additional lesions com-
pared with CT in 12 or 15 patients (80%) and
changed the management course in 11 of 15
patients (73%). The sensitivity, specificity, and
accuracy using PET/CT in recent studies ranges
from 88.2%-93.3%, 71.4%-96.9%, and 85.4%—
91.2%, respectively [29, 32, 33].

Peritoneal Carcinomatosis

PET is of limited value for the detection of micro-
scopic seeding. Typical findings of FDG PET in
cases with peritoneal seeding are diffused
increased uptake around the peritoneal pouch.
However, it is sometimes difficult to differentiate
abnormal uptake form the normal uptake pattern.
Special attention is required to differentiate peri-
toneal seeding from increased bowel activity.
Zimny et al. [11] reported that the sensitivity,
specificity, and diagnostic accuracy were 50%,
95% and 80%, respectively, for evaluating perito-
neal metastases. In other words, PET misses
poorly localized microscopic spread disease [26].
Schroder et al. [12] reported that the sensitivity of
FDG PET for the detection of peritoneal carcino-
matosis was 72%, which is somewhat lower, but
still higher than the 45% achieved with CT. MRI
also is not a great improvement over CT because
most metastases in the mesentery and the small
intestine remain undetected by both methods.
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FDG PET imaging of the abdomen and pelvis
can be difficult because of the physiologic bowel
uptake and bladder activity and the lack of ana-
tomic landmarks. A new combined PET/CT
scanning technique provides combined PET and
CT images without the problem of organ motion,
temporal differences, and patient positioning
[31]. Although CT imaging compared with PET/
CT might not be optimal for diagnostic aim,
PET/CT obtains more anatomic information over
CT, and is more advantageous than PET, espe-
cially in lesions with complex peritoneal loca-
tion. PET/CT seems to be helpful in some types
of ovarian cancers with moderate FDG accumu-
lation, mucinous ovarian cancer, because CT
could depict easily the FDG void cystic portion
of mucinous portion of the tumor. But its utility
for peritoneal carcinomatosis remains to be
investigated [12, 34, 35].

Treatment Response Monitoring,
Clinical Impact on Patient Management,
and Cost Effectiveness

FDG PET is used for prediction for treatment
response in ovarian cancer [36, 37]. As men-
tioned in the previously, FDG PET could be used
as a substitute for the second-look laparotomy in
patients with risk for surgery and can subse-
quently impact the clinical pathway.

FDG PET is helpful in detecting and staging
recurrent ovarian cancer when applied in select-
ing the most appropriate treatment and avoiding
second-look surgeries using the Monte Carlo
simulation analysis [38, 39]. Assumptions in the
management pathway were: (1) a PET-positive
scans led to either laparoscopy or laparotomy,
followed by chemotherapy (true-positive PET)
or follow-up (false-positive PET); (2) a PET-
negative scan resulted in continued follow-up
(true-negative PET) or laparotomy (false-negative
PET); and, (3) a laparotomy led to chemother-
apy or follow-up. The number of unnecessary
laparotomies was reduced from 70% to 5%
using PET to manage the diagnostic evaluation.
Cost savings per patient ranged from $1,941 to
$11,766. Therefore, FDG PET can reduce
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unnecessary invasive staging procedures and
management with PET in place of second-look
surgery would yield substantial cost savings to
the patient. Early detection of recurrence also
could have a positive impact on cost effective-
ness [38]. FDG PET could have an impact on
the patient management pattern. As a result of
FDG PET findings, the treatment management
was changed in 24.7% to 58% of patients with
ovarian cancer [26, 29, 30, 39].

FDG PET and CA-125 were compared as pre-
dictors to chemotherapy [39] with FDG PET
being superior to CA-125 in prediction after che-
motherapy. FDG PET could predict the effect of
chemotherapy using pre- and postchemotherapy
FDG PET imaging and was more accurate than
the routinely used CA-125. More importantly,
FDG PET following chemotherapy was related to
survival, although CA-125 was not.

Indications in Ovarian Cancers

Initial Evaluation and Staging

of Ovarian Tumor

There is no evidence for the usage of differential
diagnosis of ovarian tumor, although FDG PET
could be used for clinically and serologically sus-
picious ovarian tumor.

Although FDG PET alone has not been used
routinely as a preoperative staging tool, it is
useful combining CT and FDG PET in preop-
erative staging where PET/CT could be an opti-
mal tool. Because initially advanced ovarian
cancer has a possibility of extrapelvic or extra-
abdominal metastatic lesion, FDG PET could
be helpful.

Surveillance After Initial Treatment

FDG PET is recommended in cases with a high
risk of recurrence, where CA-125 increased with-
out explanatory lesions. Additionally, it is
strongly recommended if other conventional
imaging has a negative result. It is also recom-
mended in patients with low risk, and if second-
look laparotomy is planned, FDG PET should be
considered as a noninvasive substitute, especially
in inoperable cases.
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Limitation in Ovarian Cancers

Distinguishing Malignant

From Benign Lesions

The limitation of FDG PET is distinguishing

malignant from inflammatory processes, which

also show an increased glucose metabolism [17].
False-positive results for corpus luteum

cyst, ovarian endometriosis, and gestational

pouch were reported with a focally raised FDG

uptake [14].

Type of Tumor

False-positive results were seen in benign serous
cyst adenoma, endometriosis, and endometrioma,
and false-negative PET results observed in a
mesothelioma and a borderline serous tumor [8].

Tumor Size

Lesions smaller than 1 cm are quite difficult to
identify not only because of the relatively poor
spatial resolution but also the longer acquisition
time of PET. Count recovery from small lesions
may not be sufficient because of peristalsis of the
alimentary tract and respiratory movement dur-
ing image acquisition. Thus, even if PET findings
are negative, small lesions may sometimes be
detected by second-look laparotomy. However,
follow-up patients typically receive chemother-
apy for recurrence and systemic metastasis. Small
lesions that cannot be detected on PET scans can
be sensitive to drugs, while larger lesions are
resistant to drugs because of possible penetration
barriers. Therefore, if FDG PET reveals highly
accumulated lesions remaining in a patient even
after repeated chemotherapy, resection would be
recommended. If PET findings are negative, che-
motherapy can be proposed because some small
lesions may remain. Thus, PET can be useful for
therapeutic decision making [26].

Nonpathologic (Physiologic) Uptake

Physiologic uptakes in the stomach, colon, ure-
ter, and bladder are sometimes difficult to differ-
entiate  from  pathologic lesions.  Such
accumulation can mask abnormal uptake because
of tiny disseminated lesions [26]. The combina-
tion of hydration, administration of a diuretic
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such as furosemide, and use of a Foley catheter
with a drainage bag is an effective method of
reducing physiologic uptake in the kidneys, ure-
ter, and bladder, although reducing physiologic
uptake in the colon is difficult [40].

The use of SUVs and SUV ratio can be helpful
in the distinction between physiologic bowel
activity and ovarian cancer metastatic to the
bowel serosa. Manuel et al. [17] suggested that
SUV and SUV ratio (cut-off value of 3.0 for SUV
and 1.75 for SUV ratio) were significantly higher
in cases of cancer metastasis to the bowel than
those with no evidence of bowel metastases.

11C Methionine PET

Tumor imaging in the pelvis can be problematic
because normal excreted activity in the urine
may interfere with tumor identification. An
essential amino acid, methionine, labeled with
1C, has been found to be a valuable tracer for
metabolic imaging of human cancer. High uptake
of ""C methionine may correlate with poor histo-
logic grade of differentiation and high cell pro-
liferation, which suggests that tissue uptake of
methionine may reflect the biologic aggressive-
ness of cancer [41].

Lapela et al. [41] showed that it is possible to
separate poorly differentiated from well-
differentiated tumors. They tried to differentiate
benign and malignant ovarian tumors. They
reported that benign or borderline malignant
tumors did not accumulate 'C methionine,
whereas all carcinomas had significant uptakes.
The mean SUV of the primary carcinoma was
7.0+2.2, and the mean Ki was 0.14 min™".

We found that "'C methionine PET can be used to
differentiate physiologic uptake of FDG from true
lesion [42]. In a series of 16 gynecologic cancers,
the higher diagnostic accuracy of the methionine
PET(sensitivity =80%|[4/5cases],specificity = 100%
[11/11 cases], and accuracy=94% [15/16 cases])
than that of FDG PET (sensitivity =40% [2/5 cases],
specificity=91% [10/11 cases], accuracy = 75%
[12/16 cases]) was found for the detection of the
recurrent gynecologic cancer in the pelvic region
postoperatively.
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Cervical Cancer

Uterine cervix carcinoma is estimated to be the
second most frequently diagnosed cancer in
women worldwide. Although the overall mortal-
ity from cervical cancer has decreased because of
early detection and treatment of preinvasive dis-
ease, the mortality of invasive cervical cancer has
not changed in the last 30 years.

The treatment and prognosis of invasive cer-
vical cancer are determined by the stage of dis-
ease, volume of the primary tumor, grade of
tumor, and presence of lymph node metastasis.
Cross-sectional imaging modalities such as CT
and MRI have proved to be useful for evaluating
morphologic risk factors such as tumor size,
depth of stromal invasion, stage of disease, and
lymph node metastasis. An overall staging accu-
racy of 58—-88% has been reported, but a low sen-
sitivity of 44% was found. Neither tumor size
nor early parametrial invasion can be evaluated
reliably. MRI is now considered to be the most
accurate imaging method for evaluation of tumor
size and parametrial invasion. An overall staging
accuracy of 80-92% has been shown, whereas
50% sensitivity for nodal metastasis is similar to
that with CT [43].

Tumor volume can be overestimated as a result
of paralesional edema. Small parametrial inva-
sion and lymph node metastasis could be missed
and tumor invasion or spread could be
underestimated.

Preoperative Staging:
Lymph Node Staging

Patients with an early stage of cervical cancer
without lymph node metastasis are considered
surgical candidates, whereas radiotherapy is often
the preferred treatment when lymph node metas-
tases are present [44]. Uterine cervical cancer
metastasizes in a predictable pattern. The tumor
usually spreads sequentially from the primary
cervical lesion to the pelvic, para-aortic, and
supraclavicular lymph nodes, and then ultimately
to nonnodal distant metastatic sites such as the
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lung, liver, and bone. Metastasis to para-aortic
lymph nodes in the absence of pelvic nodal
metastasis is exceptionally uncommon [44, 45].
The status of lymph node metastasis is an impor-
tant prognostic factor and crucial to creating a
treatment plan. Conventional modalities such as
CT and MRI have been used for noninvasive test-
ing for lymph node staging.

Several reports have compared FDG PET
with CT and surgical staging for detecting lymph
node metastasis in patients with cervical cancer.
Sugawara et al. [46] reported an 86% sensitivity
of FDG PET for pelvic and para-aortic lymph
node metastasis, as compared with a 57% sensi-
tivity of CT in a study of 21 patients with cervi-
cal cancer with stages 1B to 4A. Grigsby et al.
[47] reported that FDG PET detects abnormal
lymph node regions more often than does CT. In
101 patients, CT demonstrated abnormally
enlarged pelvic lymph nodes in 20 (20%) and
para-aortic lymph nodes in seven (7%) of the
101 patients. PET demonstrated abnormal FDG
uptake in pelvic lymph nodes in 67 (67%), in
paraaortic lymph nodes in 21 (21%), and in supr-
aclavicular lymph node in eight (8%) of the 101
patients. FDG PET could depict unexpected
lesions that CT could not.

Reinhardt et al. [48] reported that node stag-
ing resulted in sensitivities of 91% with FDG
PET and 73% with MRI and specificities of
100% with PET and 83% with MRI, respec-
tively. The positive predictive value (PPV) of
PET was 100%, and that of MRI was 67%. The
metastatic involvement of lymph node sites was
identified on PET with a PPV of 90%, and on
MRI it was 64% (p<0.05). Earlier, Narayan
et al. also reported similar results for accuracy
(PET, 85% vs. MRI, 75%) [49]. A study by
Williams et al. [50] reported the different result
with others, but their study protocol of PET
appeared suboptimal.

Para-aortic lymph nodes are out of the irradia-
tion field in standard pelvic radiation treatment of
uterine cervical cancer. If para-aortic lymph node
metastasis is suspected, the irradiation of the para-
aortic area is needed. The sensitivity and specificity
of CT and MRI for para-aortic lymph node metas-
tasis are not satisfactory. Rose et al. [51] reported
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a sensitivity and specificity of 75% and 92%,
respectively, for FDG PET in depiciting para-
aortic lymph node metastasis in patients with
more advanced stages (2B to 4A) before surgical
staging lymphadenectomy. They observed a
higher sensitivity of FDG PET for pelvic (100%)
than for para-aortic (75%) lymph node metas-
tases. Although the accuracy of FDG PET for
para-aortic lymph node is not satisfactory, it
seems to be the most accurate noninvasive
method for assessing para-aortic status.
Generally, FDG PET is a reliable alternative to
conventional imaging for lymph node staging in
patients with cervical cancer.

Recurrence

The recurrence rate of uterine cervical cancer is
reported to be 6.5% following surgery and 26.2%
after radiation therapy alone. About half of all
cases of recurrent uterine cervical cancer are
confined to the pelvic cavity, but some cases
show metastatic lesions in the lymph nodes, lung,
bone, and liver.

Radiologic studies such as intravenous renog-
raphy, ultrasonography, CT and MRI are used to
detect recurrent cervical cancer. It is difficult,
however, for these imaging modalities to differ-
entiate recurrent tumor from postoperative or
radiation fibrosis, and to detect normal-sized
metastatic lymph nodes and extrapelvic metasta-
ses. PET is effective in differentiating recurrence
from scar tissue, and, in addition, can be used to
obtain whole-body images to detect recurrence
that was not clinically suspected.

Park et al. [52] reported the accuracy of CT
and PET in the diagnosis of recurrent uterine cer-
vical cancer in 36 patients. The sensitivity,
specificity, and accuracy of CT were 78%, 83%,
and 81%, respectively, while for PET, the corre-
sponding figures were 100%, 94% (p=0.0339),
and 97% (p=0.0244), respectively. Sun et al. [53]
reported the sensitivity and specificity of 90%
and 100%, respectively, with FDG PET in evalu-
ation of recurrent ovarian cancer. PET could
detect 7.9% of early recurrence in patients with
clinically NED status.
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Diagnostic accuracy of recent research using
PET/CT is superior to PET (92.3% vs. 78.8%)
[22, 26]. Sensitivity, specificity, and accuracy of
the most recent study were 90.3%, 81.0%, 86.5%,
respectively, and patient treatment plans changed
following PET/CT in 23.1% of patients [54].

Treatment Response

Nakamoto et al. [55] reported a high sensitivity
of FDG PET in monitoring therapeutic response
of cervical cancer. In that study, FDG PET was
performed prior to therapy and at a mean of
4.6 months after radiation in 20 patients with his-
tologically proved uterine cervical cancer who
were undergoing a “curative” course of radiation.
FDG PET is a sensitive tool for detecting active
cervical cancer following radiation therapy. The
sensitivity, specificity, and accuracy were 100%,
60%, and 70%, respectively. With regard to the
relatively low specificity, it is well known that
FDG also accumulates in inflammatory foci,
which can lead to false-positive findings.

Although PET would not completely replace
monitoring of tumors using these modalities, this
noninvasive technique could have a greater role
for screening patients during follow-up because
of its high sensitivity.

Prognosis

Grigsby et al. [47] reported that the findings on
PET are a better predictor of survival than those
on CT in patients with carcinoma of the cervix.
The 2-year progression-free survival, based
solely on para-aortic lymph node status, was 64%
in CT-negative and PET-negative patients, 18%
in CT-negative and PET-positive patients, and
14% in CT-positive and PET-positive patients
(p<0.0001). A multivariate analysis demon-
strated that the most significant prognostic factor
for progression-free survival was the presence of
positive para-aortic lymph nodes as detected
using PET (p=0.025). Pinkus et al. [56] evalu-
ated the prognostic value of FDG PET in patients
with cervical cancer using a simple visual analysis
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of primary tumor characteristics (scoring of
heterogeneity, size, shape, and lymph node
involvement). Only 8% of patients with a good
prognosis by PET died, while 76% of patients
with a poor prognosis by PET died within 2 years.
The study extended the value of FDG PET in cer-
vical cancer patients, powerfully separating
patients who have an excellent prognosis from
those with a poor prognosis who may require
more aggressive initial treatment.

In a study of the prognostic value of SUV on
FDG PET, squamous cell type uterine cervix can-
cer with high glucose metabolic activity results in
a poor outcome. The survival of the high peak
SUV group (> 13) was worse than the low peak
SUV group (< 13). Two-year survival rates were
76.0% and 92.3% for the high and low peak SUV
groups, respectively [57].

Indications in Cervical Cancers

(1) FDG PET is recommended for recurrent cer-
vical cancer.

(2) FDG PET is recommended for lymph node
staging for initial workup.

FDG PET is a more sensitive and specific
noninvasive test for lymph node staging in
pelvic and para-aortic lymph nodes than
other conventional imaging. FDG PET could
depict unexpected distant metastatic lesion in
some advanced cases. This could potentially
change the treatment plan.

(3) FDG PET could be helpful in the prediction
of the prognosis and treatment effect but
additional research is needed.

Limitations

Substantially increased uterine vascularity was
generally observed in the secretory and men-
strual phases using radionuclide imaging. In vivo
FDG uptake could be altered by blood flow,
transport, and hexokinase activity, therefore,
FDG uptake in a normal uterus could be altered
by the menstrual cycle phase. Preclinical studies
have shown that FDG uptake in an estrogen-
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stimulated uterus is significantly greater than if
no stimulation is present. Recently, a case of
intrauterine accumulation of FDG during men-
struation was reported [58].

Other Gynecologic Cancers
Endometrial Cancer

Endometrial cancer is one of the most common
gynecologic malignancies and is predominant in
postmenopausal women. Clinically, many endo-
metrial cancers are found during the early stage
of cancer because of clinical signs and symptoms
such as vaginal bleeding, where the prognosis is
known to be good. However, a considerable num-
ber of patients with advanced and relapsed dis-
ease reveal a poor prognosis.

As of yet, there is not sufficient data to vali-
date the usefulness of FDG PET in detecting
endometrial cancer. However, several studies
have shown promising results that FDG PET is
sensitive and specific in detection of recurrent or
metastatic lesions. Nakahara et al. [59] reported
on a case of endometrial cancer. FDG PET
revealed heterogeneous and marked accumula-
tion in the endometrium. Belhocine et al. [60]
reported that feasibility of FDG PET for detect-
ing early recurrence in endometrial cancer in 14
patients who showed no evidence of disease fol-
lowing treatment. Of the 14 patients, FDG PET
diagnosed recurrence in two patients, where one
of the two patients had a PET finding of enlarged
hypermetabolic abdominal focus, although CT
showed a negative result. The second patient had
a single focus of hypermetabolic activity on the
liver and a focal hypodensity in the same location
on CT. Therefore, PET can be a useful method
for detecting early recurrence in patients with
endometrial cancer who showed no evidence of
disease on conventional follow-up.

Uterine Sarcoma

FDG PET was useful in the diagnosis of sarcoma
even though SUV was low. Umesaki et al. [61]
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reported the cases of five sarcomas and evaluated
the effectiveness of FDG PET for the diagnosis
of uterine sarcoma in comparison with other
diagnostic methods. PET examinations were
100% positive for the five sarcomas; MRI was
80% positive (four of five cases), and sonography
was 40% positive (two of five cases). The mean
SUV of the sarcomas was 4.5+1.3.

Vulvar Cancer

Cohn et al. [62] undertook a prospective pilot
study on the performance of FDG as a method for
detection of groin metastases from vulvar cancer.
Fifteen patients underwent PET prior to explora-
tion of 29 groins. On a patient-by-patient basis,
PET had a sensitivity of 80%, specificity of 90%,
PPV of 80%, and NPV of 90% in demonstrating
metastases. On a groin-by-groin basis, PET had a
sensitivity of 67%, specificity of 95%, PPV of
86%, and NPV of 86%. The results of PET were
relatively insensitive in predicting lymph node
metastasis, and a negative study is not a reliable
surrogate for a pathologically negative groin.
However, the high specificity of PET suggests
that it is useful in planning radiation therapy as
an adjunct to lymphatic mapping and sentinel
lymph node dissection.
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