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Summary. Introduction: Tumors of the female genital tract are a major cause of mortality among women in
Western countries: the most frequent of these cancers is endometrial cancer, while the most lethal is ovarian
cancer. Aim. The aim of the present work was to review the published literature on the utility of metabolic
imaging in the staging, re-staging and post-treatment monitoring of cervical, endometrial and ovarian can-
cer. We also evaluated the relevance of evidence as to the cost-effectiveness of introducing PET/CT in the
work-up of gynecological malignancies. Methods: EMBASE and Pub-Med Literature searches were made
from 2007 to 2014. Results: Despite the availability of multiple imaging techniques, estimating the extent of
primary disease and locoregional lymph node involvement is still based on clinical and surgical evaluation,
while distant metastases may be assessed accurately and non-invasively using PET/CT. PET/CT may also
be a useful tool in planning radiotherapy and in predicting response to treatment. Moreover when recurrence
occurs, PET/CT accurately evaluates its extent and orients further therapies. Finally PET/CT seems to be
cost-effective for ovarian cancer, whereas there is little evidence for cervical cancer and no data for endome-
trial cancer. Conclusion: A body of evidence is growing about the usefulness of PET/CT in management of
gynecological malignancies as a complementary tool in addition to clinical evaluation and biochemical sur-
veillance; moreover few data are available about the cost-effectiveness of introducing this method in clinical
practice and further evaluations are needed addressing this topic.
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«RuoLo peLLA [18F]FDG PET/CT NELLA GESTIONE DEI TUMORI MALIGNI GINECOLOGICI: UNA REVISIONE
DELLA LETTERATURA»

Riassunto. Introduzione: 1 tumori del tratto genitale femminile sono la pitt importante causa di morte tra le
donne nei paesi occidentali; tra questi il cancro dell’endometrio ¢ il pitt frequente e quello dell’'ovaio il piu le-
tale. Scopo: Lo scopo del lavoro ¢ quello di rivedere i dati pubblicati in letteratura circa I'utilita delle immagini
ottenute mediante PET/CT nella stadiazione, restadiazione e nel monitoraggio post-trattamento del cancro
della cervice uterina, dell’endometrio e dell’ovaio. Inoltre abbiamo valutato la rilevanza delle evidenze circa il
rapporto costo-beneficio legata all'introduzione di questa tecnologia nella gestione dei tumori maligni gineco-
logici. Metodi: Sono state effettuate ricerche su lavori pubblicati in riviste censite da data-base internazionali
come EMBASE e Pub-Med dal 2007 al 2014. Risu/tati: Nonostante la disponibilita di molteplici tecniche di
imaging, la valutazione dell’estensione della malattia primitiva ed il coinvolgimento linfonodale sono ancora
valutati sulla base della stadiazione clinica e delle evidenze derivate dalla chirurgia, mentre il coinvolgimento
metastatico a distanza pud essere accuratamente studiato in maniera non invasiva mediante PET/CT; questa
tecnologia puo essere anche utilizzata efficacemente nel pianificare la radioterapia quando necessaria e nel
valutare le risposte alle terapie. Inoltre, quando la malattia recidiva, la PET/CT valuta accuratamente 'esten-
sione e orienta eventuali ulteriori terapie. Infine la PET/CT sembra avere un buon rapporto costo-beneficio
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per il cancro dell’'ovaio mentre i dati disponibili sono ancora scarsi per il cancro della cervice e non esistono

dati per il cancro dell'endometrio. Conclusioni: Una sempre maggiore quantita di evidenze ¢ disponibile circa

l'utilita della PET/CT nella gestione dei tumori maligni ginecologici come strumento complementare alla va-

lutazione clinica ed alla sorveglianza biochimica. I dati disponibili sul rapporto costo-efficacia nell'introdurre

questa metodica pratica, sono pochi; sono pertanto necessarie ulteriori valutazioni in merito.

Parole chiave: tumori maligni ginecologici, [18F] FDG PET/CT, rapporto costo-eflicacia

Abbreviations:

PET: positron emission tomography; FDG: fluoro deoxy
glucose; CT: computed tomography; ceCT: contrast enhanced
computed tomography; MRI: magnetic resonance imaging;
DWI. diffusion weighted imaging.

Introduction

Among gynecological malignancies, endometrial
cancer has the highest incidence rate while ovarian
cancer is the most lethal form, having a greater than
60% mortality rate in diagnosed cases (1).

Screening procedures and immunization against
human papillomavirus (HPV) are decreasing the in-
cidence of cervical cancer in Western countries (2, 3).

Adenocarcinoma of the endometrium is the most
common cancer of the female genital tract. Risk fac-
tors include a fat-rich diet, diabetes, chromosomal ab-
errations, older age and tamoxifen use (4): its incidence
is expected to rise as a result of the increasing preva-
lence of obesity.

Opvarian cancer is the leading cause of gynecologi-
cal cancer death; it consists of several histopathological
types but most are epithelial (5). The median time at
diagnosis is 63 years and more than 70% are diagnosed
at an advanced stage of the disease.

The aim of the present work was to review the
published literature on both the utility and the cost-
effectiveness of PET/CT in the staging, re-staging and

post-treatment surveillance of cervical, endometrial
and ovarian cancer.

EMBASE and Pub-Med searches were made
from 2007 to 2013 using as key words: FDG, [18F]-
FDG PET or PET/CT, cervical cancer, endometrial
cancer, ovarian cancer, diagnosis, prognosis, follow-up,
cost-effectiveness and health technology assessment.

Finally tables summarizing the potential use of
PET/CT in gynecological cancers have been drawn
up, taking into account the National Comprehensive
Cancer Network® (NCCN) guidelines and the Amer-
ican College of Radiology® (ACR), Appropriateness

Criteria®, as well as the Authors’ own clinical expertise.

Staging
Cervical Cancer

PET/CT may help planning treatment in cervi-
cal cancer, whereas it is not yet accepted as a routine
procedure for staging purposes (6); Federation Inter-
national of Gynecologists and Obstetricians (FIGO)
limits staging procedures to colposcopy, biopsy, coni-
zation of the cervix, cystoscopy and rectosigmoidos-
copy. Radiological procedures are not routinely recom-
mended for staging, even though contrast-enhanced
(ce) CT, PET/CT and MRI are often used in the pre-
surgical setting (Table 1).

Table 1. Potential uses of PET/CT in cervical cancer according to stage.

Stage Staging Surveillance Restaging
<IB1 (FIGO) T1b1(TNM) optional optional indicated
>IB1 (FIGO) T1b1 (TNM) indicated optional (*) indicated

(*) PET/CT indicated 3-6 months after the end of treatment in patients at high risk of failure (para-aortic lymph node) to allow early

detection of any curable recurrence or persistence.
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The presence of positive pelvic lymph nodes at
PET/CT could allow clinicians to identify patients
who should be referred immediately for chemo-radi-
otherapy; moreover, because pathologic PET/CT up-
takes have been associated with poorer post-surgical
event-free survival, PET/CT can identify patients at
high risk of recurrence who warrant very close moni-
toring during follow-up (7, 8).

In earlier disease stages, clinical attention is fo-
cused on sparing unnecessary lymph-node surgery; be-
cause of the low sensitivity of metabolic assessment on
regional node spread in cervical tumors staged Ib1-Ila
(T< 4 cm), the method has little or no added value in
influencing the surgical approach (9).

PET/CT-based prognostic nomograms for lo-
cally advanced cervical cancer have been designed:
evaluation of metabolic parameters and lymph node
involvement predicts recurrence-free survival (RFS),
disease-specific survival (DSS), and overall survival
(OS), finding that pretreatment PET/CT metabolic
parameters of the primitive tumor, combined with
lymph node status, create good models for predicting
RFS, DSS and OS (10).

Metabolic findings help in defining irradiation
fields (11) and PET/CT should be included in the
initial workup of patients with locally advanced cer-
vical carcinoma (12), in order to better delineate any

active metastatic site (Figure 1). PET/CT findings
can guide additional radiation fields to the para-aortic
nodal region, achieving more complete disease control
(13).

It has also been demonstrated that PET/CT is
effective in brachytherapy planning and its introduc-
tion can pave the way to optimized 3D brachytherapy
treatment (14).

As in other types of cancer the possibility of false
positive results should be remembered: any patho-
logic uptake that could change the clinical stage and/
or clinical management of the patient must always be

verified (15).
Endometrial cancer

Although the staging of endometrial carcinoma is
primarily a clinical and surgical procedure, many stud-
ies have shown clinical staging to be inaccurate (16).

Ultrasound (US), PET/CT and MRI are com-
parable in predicting myometrial invasion and distant
spread, but none of them can currently replace surgi-
cal staging; moreover for cervical invasion and lymph
node metastases, PET/CT performs very well (17).

Unfortunately the high positive predictive value
(PPV) of PET/CT is not matched by any high nega-
tive predictive value (NPV): for this reason PET/CT

——

Figure 1. 56-year-old woman with cervical cancer and bilateral, pathological iliac and inguinal lymphadenopathies; FDG PET/CT
showed a left supraclavicular positive node (white arrow), subsequently histopathologically confirmed as metastatic lymphadenopa-

thy.
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cannot replace surgical staging in the pre-operative
setting (18).

The preoperative SUVmax value (a semi-quanti-
tative measure of FDG uptake) is superior to the ap-
parent MRI-derived diffusion coefficient as a predic-
tor of disease recurrence and survival (19).

SUVmax is related to tumor FIGO stage, grad-
ing (20) and post-surgical prognosis (21); in addition
SUVmax is related to myometrial invasion, cervical
invasion, FIGO stage, risk-stratification and lymph
node metastases; however, the SUVmax sensitivity and
specificity are not such as to replace surgery (22).

It has been found that preoperative metabolic
primary tumor volume is an independent prognostic
factor for progression-free survival and is significantly
associated with recurrence in patients with endome-
trial cancer (23).

The diagnostic performance of PET/ceCT, con-
trast-enhanced MRI, and retrospective image fusion
from PET and MRI (fused PET/MRI) for assessing
the extent of the primary tumor (T stage) and metas-
tasis to regional LNs (N stage) was evaluated; PET/
MRI proved to be more accurate in detecting and stag-
ing T but not in pelvic nodal staging (24).

PET/CT in the initial staging of high-grade en-
dometrial cancer is useful in detecting distant metasta-
ses in the abdomen and in the extra-abdominal regions
(25); however, in the preoperative evaluation of distant
lymph-node metastasis PET/ceCT and DWI cannot
replace lymphadenectomy (26).

Radiation therapy may cause a wide range of lo-
co-regional complications: for this reason it is crucial
to limit toxicity as much as possible. Radiation plan-
ning based on PET/CT can reduce loco-regional side
effects and improve target definition (27) (Table 2).

Owvarian cancer

The most important factors influencing the prog-
nosis of ovarian cancer are the stage and grade of the
tumor. Unfortunately the most frequent presentation
feature is an undiagnosed pelvic mass.

The primary workup includes clinical evaluation,
ultrasound and PET/CT.

Because ovarian cancer is normally characterized

by a strong glycolytic phenotype, regardless of tumor

Table 2. Potential uses of PET/CT in endometrial cancer ac-
cording to stage.

Stage  Staging (*)(**)  Surveillance (**) Restaging
I indicated under debate indicated
I indicated under debate indicated
111 indicated under debate indicated
v indicated under debate indicated

(*) indicated in cases of suspected or known extrauterine spread
(**) always indicated in cases of uterine sarcoma

(***) there is no consensus on strategies for following up these
patients. The technique might be adequate in selected cases (pa-
tients with high-grade tumors or advanced stages at diagnosis
or who report symptoms).

histology and grade (28), PET/CT proves highly ac-
curate in patients presenting with elevated CA 125
serum levels and a suspicious ovarian mass seen on ul-
trasound (29).

Although PET/CT is not considered a stand-
ard procedure in the staging of ovarian cancer, several
studies have investigated the incremental value of us-
ing this technique preoperatively to evaluate the fea-
sibility of achieving optimal debulking in advanced
disease stages (Table 3).

PET/CT has been shown to identify primary
ovarian tumors, regional lymph nodes and distant me-
tastases (Figure 2). PET/CT results when compared
to histopathological findings show an excellent diag-
nostic performance (30) (Figure 3).

With the growing use of PET/CT in pre-surgical
staging a number of unexpected extra-abdominal lo-
calizations have been identified; the findings of one
study suggest that metastatic pathways permeate the
diaphragm, mainly reaching the cardiophrenic space

and the parasternal lymph nodes (31).

Table 3. Potential use of PET/CT in ovarian cancer according
to stage.

Stage  Staging (%) Surveillance (**) Restaging (**)
I optional indicated indicated
1I optional indicated indicated
I optional indicated indicated
v optional indicated indicated

(*) PET/CT is indicated in some indeterminate lesions when its
results may affect the choice of treatment
(**) Imaging guided by serial CA 125 increases
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Figure 2. 48-year-old woman with epithelial left ovarian cancer, ascitic fluid and inconclusive liver CT imaging; FDG PET/CT
showed a left ovarian mass, diffuse carcinomatosis and a right hepatic lobe metastasis (white arrow).

Figure 3. 43-year-old woman with left adnexal mass at CT scan; FDG PET/CT did not show significant uptake (white arrow);
histopathology demonstrated to be a benign lesion.
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In more advanced disease, a cytoreduction may be
appropriate prior to surgery: the probability of achiev-
ing a complete cytoreduction is lower in patients pre-
senting with mediastinal lymph node FDG uptake
(32).

Peritoneal carcinomatosis is a common type of
metastatic spread in ovarian cancer: it has been shown
that PET/CT imaging was efficient in the diagnosis of
peritoneal carcinomatosis and superior to ceCT (33);
as documented in other cancer types, PET/CT leads
to stage migration, although the strongest determinant
of patient outcome remains the residual abdominal
tumor after primary surgery (34). Furthermore, volu-
metric parameters such as metabolic tumor volume
(MTV) and total lesion glycolysis (TLG) show sig-
nificant association with recurrence in patients with
epithelial ovarian cancer (35).

Post-treatment surveillance and restaging

Surveillance strategies are a subject of continuous
debate and there is no evidence of the clinical useful-
ness of detecting recurrences in asymptomatic women.
As therapeutic strategies improve, there might emerge
some advantages of an early diagnosis of recurrence
in terms of Disease Free Survival (DFS), Progression
Free Survival (PFS), Overall Survival (OS) and Qual-
ity Of Life (QOL).

Cervical Cancer

Post-treatment surveillance protocols include
physical examination, Pap smear and chest radiograph.
However, asymptomatic cases are unlikely to be de-
tected using such protocols. Pelvic examination and
vaginal or cervical cytology have low diagnostic accu-
racy because of post-radiation changes. (36).

The role of PET/CT in cervical cancer surveillance
is nowadays ongoing and post-treatment PET/CT is
able to stratify the risk of recurrence (37), mainly in
identifying local recurrence and distant metastasis (38).

PET/CT can be useful in early diagnosis of recur-
rence mainly among asymptomatic women. Patients
with early detection of loco-regional or central recur-
rence can be offered a variety of therapeutic solutions

ranging from combined chemo-radiotherapy to pelvic
exenteration with significant prognostic advantages
(39).

In restaging conventional imaging can show a
suboptimal sensitivity mainly in evaluating peritoneal
involvement; PET/CT performs better than conven-
tional imaging in peritoneal recurrences among various
cancers including ovarian, endometrial and cervical;
adding contrast enhancement to PET/CT seems to
offer no advantages in uterine cancer recurrence (40).

Changes in cervical cancer metabolic activity
during concurrent chemo-radiation through “interim”
PET/CT scans performed at the 2nd and 4th weeks
of treatment have been analyzed. SUVmax is found to
decline during treatment and to decrease more quickly
than MTV: the 4th week of treatment emerges as the
best time point for response prediction (41).

PET/CT performs better than MRI alone in pre-
dicting one-month detection of response in patients
undergoing adjuvant chemo-radiotherapy, but there
are no differences when the same patients are evalu-
ated at the end of therapy (42).

Moreover a signiﬁcant correlation between sur-
vival outcome and the interim metabolic response of
pelvic lymph nodes has been shown. Patients present-
ing complete metabolic response had an excellent OS

and DSF (43, 44).
Endometrial Cancer

There are no available prospective randomized
studies on the routine use of [18F]JFDG PET/CT
imaging in post-treatment surveillance of endometrial
cancer. Periodic physical examination for two years, as
well as vaginal cytology and chest x-ray annually, con-
stitute the cornerstones for endometrial cancer surveil-
lance (45).

PET/CT may be useful in treatment planning
for women with recurrent disease; nevertheless PET/
CT seems to be an accurate method of detecting re-
currence in the post-therapy follow-up of endometrial
carcinoma (46).

PET/CT was found to be a more useful modal-
ity than either conventional imaging or CA 125 in the
evaluation of suspected recurrence in post-treatment
endometrial cancer patients (47); moreover PET/CT
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is highly sensitive and specific in detecting disease in
patients with suspected recurrence (48).

On the other hand, the PPV may be sub-optimal
due to relatively low specificity whereas NPN ap-
proaches 100% due to excellent sensitivity (49, 50).

PET/low-dose non-enhanced CT (PET/IACT),
PET/full-dose contrast-enhanced CT(PET/ceCT),
contrast-enhanced MRI, and retrospective fused
PET/MRI studies have been evaluated in different
clinical settings: it may be concluded that fused PET/
MRI combines the MRI and PET advantages and is
a valuable technique for assessment of intra-pelvic re-
currence of gynecological cancers (51).

Owartan Cancer

Clinical surveillance and repeated testing of CA
125 serum levels are the cornerstones of follow-up in
ovarian cancer patients. The add-on value of early de-
tection of disease recurrence is controversial as benefits
in terms of survival time and quality of life are not yet
clearly evident.

PET/CT is most helpful in the evaluation of
patients with suspected recurrent ovarian carcinoma,
especially when CA-125 levels are rising and CT find-
ings are normal or equivocal. Addition of PET/CT to
the evaluation of these patients changes management
in approximately a third and reduces overall treatment
costs by accurately identifying patients who will ben-
efit from surgery (52).

When disease recurs, the clinician needs to know
its extension. This information is crucial to the deci-
sion whether to attempt a second debulking or not;
furthermore, if the disease is disseminated, the clini-
cian needs a reliable method for monitoring treatment
results. On the basis of the wide review by Limei e7 a/.
it can be concluded that PET/CT is an useful tool for
diagnosing, restaging and predicting suspected recur-
rent ovarian carcinoma (53).

Cost-effectiveness of PET/CT in gynecologic

malignancies

Cost-effectiveness analysis evaluates if the added
costs are balanced by the clinical impact on survival.
Few reports on this topic are available at the moment.

Analyzing the cost-effectiveness of primary sur-
gery versus chemoradiation in the treatment of FIGO
IB2 cervical cancer patients introduces the idea that
PET/CT can not only be useful but also cost-effective
in managing a particular type of patients diagnosed
with cervical cancer (FIGO IB2) (54) .

Moreover, although imaging does not appear to
improve survival, PET/CT maximizes patient triage
to correct treatment, and combined MRI and PET/
CT spares most patients unnecessary therapies (55).

On the other hand it has been shown that adding
PET/CT to the current treatment strategy of clini-
cal examination, MRI and/or CT scan is significantly
more costly with only a minimal increase in effective-
ness (56).

When the role of PET/CT “standing alone” and
PET/CT after a negative ceCT is evaluated, the former
strategy is found to be more expensive but also more
effective and seems to be cost-effective, presenting an
Incremental Cost-Effectiveness Ratio of €226.77 per
surgery avoided (57).

Finally costs have been calculated with and with-
out the use of PET/CT scanning: the results show
that the cost saving per patient ranges from $1,941 to
$11,766 due to the need for fewer surgical procedures
when using PET in the diagnostic evaluation (58).

Conclusion

PET/CT is playing a growing role in the clinical
management of gynecological malignancies; in staging
procedures it can increase clinical confidence in evalu-
ating distant metastasis but it cannot replace surgery
because of the possible presence of false negative re-
sults, with a partial exception for cervical cancer staged
IB1 or higher in which PET/CT can detect lymph
node spread and help in treatment planning.

Pre-radiotherpy PET/CT evaluation allows bet-
ter definition of irradiation volumes, avoiding unneces-
sary toxicity and side effects; moreover, pre-treatment,
interim or post-treatment SUVmax is related to tumor
grading, response to therapy, prognosis and survival.

When recurrence occurs, PET/CT seems to be an
excellent diagnostic tool, mainly in assessment of dis-
ease spread, tailoring therapies on a per-patient basis.
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About cost-effectiveness, PET/CT seems to be
cost-effective mainly in ovarian cancer whereas in
cervical cancer reports are still discordant. In cervical
cancer, PET/CT seems to be too expensive when com-
pared to standard approaches; further studies, focuse
on reduction of costs for implementing this technol-
ogy, may lead to different conclusions.

In ovarian cancer the data available seem to indi-
cate the cost-effectiveness of adding PET/CT during
follow-up in terms of eliminating expensive unneces-
sary procedures.

It can be concluded that metabolic imaging is able
to provide accurate information about the nature, de-
gree and spread of these diseases, to offer prognostic
information and to predict, diagnose and evaluate dis-
ease recurrence.
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