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INTRODUCTION
Cervical cancer is the second most common gynecological malignancy around the worldwide
[1]. Nearly half of the patients present with advanced disease at the time of initial diagnosis [2].
Young age, initial FIGO stage, lymph node status are most important prognostic factors associated
with clinical outcome [2]. Lymph node metastasis and stage also have a significant impact on
treatment outcomes in cervical cancer patients. Squamous cell carcinoma accounts for 80-85%
of all cases in cervical cancer. Adenocarcinoma and subtypes (adeno squamous carcinoma, clear
cell and small cell) represents the rest with worse prognosis and clinical outcomes compared to
squamous cell carcinoma [3-5].
18F-Fluorodeoxyglucose Positron-Emission Tomography (FDG-PET) integrated with
Computed Tomography (CT) incorporates metabolic tumor function with anatomic localization.
PET-CT has become an increasingly important component of staging tumor localization and
assessing treatment response for many malignancies (Figure 1,Figure 2). Furthermore, some
studies concluded that the efficacy of FDG uptake measured as the maximum standardized
uptake value (SUVmax) was predictive of outcome [6-8]. With increasing use of FDG-PET-CT,
many report describing the utility of FDG-PET for the staging, treatment planning, evaluation of
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treatment response and prognostic importance have been published. The aim of this chapter is
to review the role and prognostic value of PET-CT in patients with cervical cancer treated with
Radiotherapy (RT).

Figure 1: FDG-PET-CT images demonstrating (A) Cervical mass (arrow) infiltrating
left parametrium (SUVmax = 24.2) and (B) Lymphadenopathy at left iliac region (arrow)
(SUVmax = 9.4). (C-D) Complete metabolic response 3-months after completion of definitive
chemoradiotherapy.
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Figure 2: (A) FDG-PET image, demonstrating increased uptake in the cervix and left iliac
lymph node region (arrows). (B) Complete metabolic response 3-months after completion of
definitive chemo radiotherapy.

PET-CT

PET is a non-invasive molecular functional imaging modality that performed with the glucose
analogue labeled with the positron emitter fluorine. PET-CT has been used as a useful imaging
modality for many solid tumors [9-11]. PET-CT is most commonly used with the radiotracer
FDG. FDG is a glucose analogue that especially accumulates in malignant tissues owing to their
higher rates of glycolysis. Other potentially radiotracers are 11C-methione, 18F-Fluoro-17-BetaEstradiol (FES), 60Cu-diacetyl-bis and 64Cu-N4 methylthio-semicarba zone. PET-CT has become
an essential modality for staging, treatment response assessment and detection of recurrences in
patients with cervical carcinoma [12,13]. Especially combination of metabolic PET images with
anatomic CT images provides better resolution and anatomical detection.

Protocols, Technique and Analysis

There are two main protocols that are adopted PET-CT for cervical cancer [14]. In principle
PET protocols are the same but the doses of CT protocols re the main difference. Low dose or
standard dose diagnostic CT images with or without contrast enhanced are used for attenuation
correction, co-registration and diagnosis [14].
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The patients fasted for at least 6 hours before administration of intravenous 370 to 555 MBq

(10-15 mCi) FDG. Blood glucose levels are measured before this injection and it is expected that
they were below 150 mg/dl. The first phase is the distribution phase. In this phase patients lay

in a quiet room in supine position. Combined image acquisition begins 60 minutes after first FDG
injection. Patients lie on a flat carbon fiber composite panel for scanning. Firstly, an unenhanced

CT scans with 5 mm slice thickness were acquired from the base of the skull to inferior border of

the pelvis. 140 kV and 80 Ma were used for this standardized protocol. Secondly, subsequent PET
scan was acquired in 3-dimensional mode from the base of skull to the inferior border of pelvis.

In this protocol patient’s position on the table were not changed by technician, the scans were
acquired in 6-7 bed position change over 3 minutes per position. The patient breathes shallowly

during the acquisition of CT and PET images. Attenuation was corrected using the CT images.

Areas of FDG uptake were categorized as malignant based on location, intensity, shape, size and

visual correlation with CT images to differentiate physiologic from pathological uptake. If the

lymph nodes FDG uptake is greater than blood pool or surrounding tissues, this node considered
as PET positive.

Visual qualitative and quantitative analysis of the tumor can be performed with PET-CT.

The quantitative analysis of SUVmax values may be utilized for initial diagnosis and treatment

response. A threshold value according to blood glucose level or an arbitrary cut off (generally 2.5)
may be used to differentiate the malignant uptake from physiologic or inflammatory uptake [15].
However, an absolute SUVmax threshold for cervical cancer has not been yet identified.

Total Lesion Glycolysis (TLG) and Metabolic Tumor Volume (MTV) are other quantitative

metabolic parameters in PET-CT. MTV is defined as the tumor that uptakes FDG and TLG is a
parameter which is calculated by software and related to MTV and SUVmean. During MTV
measurement, a volume of interest is placed over the lesion with an automated segmentation

software system to detect the threshold level that separates the target volume from the
background tissue by weighting of the SUVmax and the SUVmean within the target volume with
a specified weighting factor.

The methods for determining gross tumor volume are inherently different for MRI and PET-

CT. Ma et al. [16] compared MRI gross tumor volume contoured manually on axial T2-weighted
images with MTV contoured with a 40% SUV automatic threshold. The MRI and FDG PET tumor
volumes were similar, but the tumor location varied significantly, especially for small tumor
volumes. MRI was better in showing larger tumors compared to PET-CT.

Initial Staging

The staging of cervical cancer is performed clinically. Accurate staging, the evaluation of lymph

node involvement and primary tumor extension are essential to deliver appropriate treatment. In
order to assess tumor extension and lymph node involvement, together with physical examination
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findings, some imaging methods are important. The most common preferred imaging modalities
are CT, Magnetic Resonance Imaging (MRI) and for functional imaging FDG-PET. MRI provides
anatomical information for accurate evaluation of the tumor size, parametrial and pelvic sidewall
involvement, and vaginal invasion. Also diffusion-weighted MRI provides additional functional
images, such as detecting tiny lesions and disseminated lesions [17].
The presence of FDG activity has been found almost in all cervical cancers ≥7 mm in size. It
is usually not appreciated in the necrotic component of the tumoror within the uterine cavity

distended by the accumulation of blood, serous fluid, or pussecondary to obstruction of the
endocervical canal by the tumor. Because of limited spatial resolution of milimetric lesions
and partial volume effect, small lesions and micrometa static deposits can be missed with PET,
resulting in false-negative findings [18]. However, even though use of imaging does not appear
to improve survival, PET-CT maximizes patient triage to correct therapy, and the combination of
MRI and PET-CT spares most patients unnecessary trimodality therapy [19]. Sala et al. [20] stated
that MRI is the best single imaging investigation for accurately determining tumor location, tumor
size, depth of stromal invasion, and extension into the lower uterine segment. The authors also
reported that MRI is accurate for evaluation of tumor size, usually within 0.5 cm of the surgical
size, in 70–90% of cases. The sensitivity of MRI in the evaluation of bladder and rectal invasion of
71–100% and specificity of 88–91%. However, MRI may overestimate the parametrial invasion
in larger tumors compared with small ones on T2-weighted images which may be due to stromal
edema caused by tumor compression or inflammation [20].

FDG-PET shows metabolic tumor function and integration of Pet with Computerized
Tomography (PET-CT) is much better for detecting anatomic localization rather than PET alone.
Its ability to identify lymph node involvement, distant disease and recurrences has been shown
in various studies in cervical cancer patients. Cervical cancer is typically has high levels of FDG
uptake. PET-CT can be used for initial evaluation of primary tumor, local extension of disease,
lymph node involvement and distant metastasis. National Comprehensive Cancer Network
(NCCN) recommends PET-CT imaging as part of pretreatment assessment of cervical cancer
[21].The sensitivity of MRI and CT is very low and the reported sensitivity of MRI was 31 - 37%,
whereas in surgically staged patients the specificity was 93 - 94% [22]. MRI and CT uses size
of the lymph node as metastasis criteria, however FDG-PET-CT is a functional method based
on the increased glucose metabolism of cancer cells, regardless of node size, and PET-CT can
often detect tiny metastatic lymph nodes from 5 to 9 mm in size. The usefulness of pretreatment
FDG-PET in evaluating the extent of disease in patients with newly diagnosed carcinoma of the
cervix has been well established. In these patients, the sensitivity and specificity of PET/CT
for detection of pelvic lymph nodes metastasis were in range of 36% to 88% and 44% to 99%,
respectively, which are higher than those of CT and MRI [22-29] (Table 1). Grigsby et al. [30]
retrospectively compared the results of CT lymph node staging and whole body FDG PET in the
care of 101 consecutively registered patients with carcinoma of the cervix. PET showed abnormal
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FDG uptake in pelvic lymph nodes in 67 (67%) of the patients, in Para aortic lymph nodes in 21
(21%), and in supraclavicular lymph nodes in eight (8%). Lee et al. [31] assessed the diagnostic
accuracy of FDG PET in the detection of metastatic supraclavicular lymph nodes and found a high
incidence of metastasis in PET-detected supraclavicular lymph nodes in cancer patients. One
hundred supraclavicular nodes detected with FDG PET alone were biopsied, and 86 were found
to be malignant. With application of the cutoff value obtained by receiver operating characteristic
analysis (SUVmax, 3.0), the diagnostic accuracy of FDG PET was 75.0% with sensitivity of 74.4%
and specificity of 78.6%. For supraclavicular lymph nodes with a SUVmax of >3.0, FDG PET had
a positive predictive value of 95.5%. For supraclavicular lymph nodes with a SUVmax of ≤3,
sonographic findings excluded all false-negative FDG PET cases and had a high negative predictive
value of 100%. Choi et al. [22] compared the accuracy of PET/CT and MRI for detecting pelvic
and para-aortic lymph node metastasis in 154 regions in 22 patients with FIGO IB – IVA cervical
cancer patients and the authors demonstrated that PET-CT was more sensitive than MRI (58% vs.
30%) but there were no statistically significant differences noted with regard to specificity (93%
vs. 93%) and accuracy (85% vs. 73%). Sironi et al. [21] evaluated 1081 regional lymph nodes in
47 patients with early stage cervical cancer and demonstrated that the sensitivity, specificity, and
accuracy of overall node-based analysis of PET-CT were 72%, 100%, and 99%, respectively. The
authors also reported that the sensitivity and specificity for PET-CT-based diagnosis of lymph
nodes >5 mm in diameter was 100% and 100%, respectively. In another study, Yildirim et al.
[25] demonstrated that the sensitivity, specificity, and accuracy of detecting para-aortic lymph
node metastasis in 16 patients with negative conventional CT findings were 50%, 84%, and75%,
respectively, and the treatment was modified in four of 16 patients (25%). Wright et al. [32]
determined the sensitivity and specificity of PET in detecting lymph node metastasis in women
with early-stage cervical carcinoma. The authors concluded that PET had sensitivity of 53% and
specificity of 90% in the detection of lymph node metastasis in patients with early-stage cervical
carcinoma. FDG PET played a more valuable role in more advanced disease (stage IIB–IVB), in
which lymph node involvement is more prevalent. In a meta-analysis, the reported sensitivity and
specificity of PET for the detection of aortic node metastasis were 84% 95%, respectively.
Generally, the role of FDG-PET-CT has mainly been to assess lymph Nodes (N) and distant
Metastasis (M), rather than to determine local tumor extension (T) [24]. However, PET-CT has
effective role instaging patients with extensive stage, which provides information on extra-pelvic
sites, such as supraclavicular lymph nodes, para-aortic lymph node metastasis, peritoneum,
omentum, bone, and soft tissues.
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Table 1: The studies using FDG-PET-CT in the evaluation lymph node metastases of cervical
cancer.

Study (year)

Lin et al. (2003)
Choi et al.
(2006)

Sironi et al.
(2006)
Amit et al.
(2006)
Loft et al. (2007)
Yildirim et al.
(2008)
Chung et al.
(2009)
Leblanc et al.
(2011)
Ramirez et al.
(2011)

Patient
number
50
22

Stage

IIB - IVA
IB - IVA

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)
86

Imaging
modality
PET

39

44

41

MRI

77

47

IA - IB

27

IB - IVA

75

IA2 - IIB

41

75

16
34

182
53

I - IV

IIB - IVA

IB2 - IVA

IB2 - IVA

72

99

60

96

93

PET-CT

94

68

PET-CT

99

40

63

Prognostic Value of FDG-PET Parameters

PET-CT

PET-CT

84

36

68
99

94

50

80

56

95

75
89
90

PET-CT

PET-CT

PET-CT
PET-CT

PET-CT has become an increasingly important component of staging tumor localization
and assessment of treatment response in many malignancies. Furthermore, some studies draw
the conclusion that the efficacy of FDG uptake measured as SUVmax is predictive of outcome
[7,33,34]; however, other studies do not agree [35]. Although some studies have assessed the
relationship between FDG uptake and outcome in cervical cancer, the number of these articles is
relatively small, and the predictive value of FDG uptake remains unclear.

Recently Kidd et al. [33] evaluated pre-treatment SUVmax and its association with treatment
response and prognosis in 287 patients with stage IA2 -ⅣB cervical cancer. In multivariate
analysis, SUVmax was the only significant independent factor (p = 0.003). The overall 5 year
survival rates were 95% for SUVmax<5.2, 70% for a SUVmax ranging 5.2 - 13.3, and 44% for
a SUVmax>13.3 (p< 0.0001). A higher SUVmax was associated with an increased risk of lymph
node metastasis at diagnosis (p=0.0009). Lee et al. [36] analyzed the pre-treatment SUVmax
and its association with other prognostic factors in 44 early stage cervical cancer patients. The
SUVmax was significantly higher in patients with deep stromal invasion, lymphovascular space
invasion and large tumor size. Multivariate analysis demonstrated that a higher SUVmax (>13.4)
of the primary tumor was a significant independent predictor of recurrence after treatment with
surgery and/or adjuvant therapy.
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Some studies also inferred about relationship between FDG uptake and outcome in cervical
cancer patients [7,8,37]. In our previous studies, we found that the maximum standardized
uptake value (SUVmax) for the primary tumor was correlated with increased tumor size and
lymph node metastasis, persistence of residual tumor after treatment and worse overall survival
[7,37]. Not only the tumor but also the regional lymph node FDG uptake has a prognostic value in
cervical cancer patients. According to some authors the predictive value of FDG uptake in pelvic
or Para aortic lymph nodes remains unclear [38,39]. In our recent study, we sought to evaluate
the prognostic significance, treatment response, local control and overall survival of the pelvic
lymph node SUVmax in cervical cancer patients. We found that the pelvic lymph node SUVmax is
strongly correlated with both treatment response and overall survival [6].

Treatment Outcome

It has been demonstrated that metabolic response determined by FDG-PET performed within
8–16 weeks after the completion of therapy can be used to predict outcome [34,37,40]. Schwarz et
al. [34] reported 3-year cause-specific survival rates of 100 % in patients with Complete Metabolic
Responses (CMRs), 51 % for patients with Partial Responses (PRs) and 17% for patients with
Progressive Disease (PD). In this study, the majority (85 %) of patients who relapsed had distant
failures. In another study, Beriwal et al. [41] reported 3-year actuarial Disease-Free Survival
(DFS) and Overall Survival (OS) rates of 79 and 88 %, respectively, in patients with CMR after a
median follow-up of 15 months. Furthermore, Onal et al. [7] previously reported that the primary
tumor pretreatment SUVmax for patients with CMR was significantly lower than that of patients
with PR or PD (15.6±5.7 vs 28.0±9.9, respectively; p<0.001).

Local failure can be defined by either clinical examination or serial imaging studies. However,
clinical examination in some cases under assesses the local disease response and it does not
account for nodal response or any new onset metastatic disease [26,42]. It has been demonstrated
that metabolic response demonstrated by post-therapy PET-CT has utility in predicting longterm outcome [34,41]. The metabolic CMR rate on PET-CT after definitive ChRT in cervical cancer
patients is 70–80 % [7,41]. Grigsby et al. [17] reported a 2-year PFS rate of 86%for patients with
no abnormal FDG uptake at any site on post treatment PET and 40 % for those with persistent
abnormal up take. In a prospective study of 92 patients imaged with FDG-PET, Schwarz et al. [2]
reported 3-year PFS rates of 78, 33, and 0 % for patients with CMRs, PRs, and PD, respectively.
Similarly Beriwal et al. [7] reported 3-year DFS rates of 78, 31 and 0% for patients with CMRs,
PRs, and PD, respectively. In study by Onal et al. [37] reported that the 2-year and 3-year DFS
rates were 84 and 75 %, after CMR respectively.

Tumor Recurrence

Recurrent cervical cancer is defined as the tumor development at least 6 months after
regression of the initial treatment [43]. If the patient had stage IIB or more disease (parametrial
involvement) or para aortic lymph node metastasis, recurrences rates are up to 35%. Local
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recurrences mainly occur in vaginal vault but subsequently more advanced recurrences may be
seen. Synchronous distant metastasis is frequent in recurrent cases and it is nearly 70% [44].

CT and MRI have difficulty in discriminating areas of treatment related changes from
recurrences. PET-CT, as a functional imaging, has advantages over these conventional technics
and it has been shown to be effective in detecting recurrent tumor [45-47] (Table 2). Chu et
al, reported meta-analysis about diagnostic value of PET-CT in recurrent cervical cancer and
they reported that the pooled sensitivity and specificity of PET and PET-CT were 0.87 (95%

Confidence Interval (CI): 0.80-0.92) and 0.97 (95% CI: 0.96-0.98), respectively. The pooled
sensitivity and specificity for local regional recurrence were 0.82 (95% CI: 0.72-0.90) and 0.98
(95% CI: 0.96-0.99), respectively [46]. Meads et al concluded that evidence to support additional
PET-CT is scarce, of average quality and does not distinguish between application for surveillance
and diagnosis [45]. But they are criticized about older CT or MRI studies or poor quality studies.
Also therapeutic strategies may even change about 25% patients after PET-CT imaging and more
aggressive/curative treatment options may be enforced [48,49].
Table 2: Recurrence rates after definitive treatment detected with PET or PET-CT.

Author

Year

Sensitivity

Specificity

(%)

(%)

PET or PET-CT

Positive Predictive Value
(%)

Negative Predictive Value
(%)

Ryu

2003

PET

90

76

5

98

Van der Veldt

2008

PET

92

93

96

87

Mittra

2009

PET-CT

93

93

86

96

Meads

2014

PET-CT

95

87

CONCLUSION
PET-CT has become an increasingly important non-invasive diagnostic tool for staging,
radiotherapy planning and detection of recurrence disease in cervical cancer. Also the FDG PET
derived markers SUVmax, TLG and MTV are predictive for treatment response and survival.
Identification of the population with high risk of disease recurrence or worse survival may permit
the evaluation of clinical benefits of additional local or systemic treatments for individual patients
with cervical cancer.
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