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FDG-PET/CT has an established role in the initial staging of locally advanced cervical can-
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cers, particularly in evaluation of nodal disease and distant metastases. It is common prac-
tice to perform FDG-PET/CT 3 months postcompletion of chemoradiotherapy as it can
predict outcome and be used to tailor management, including adjuvant therapy and follow-
up. It is also routinely used prior to pelvic exenterative surgery to ensure there is no disease
outside the pelvis. There is growing evidence that FDG-PET-derived parameters are prog-
nostic and could potentially be used to tailor therapy. This review outlines the use of FDG-
PET/CT imaging in cervical cancer.
Semin Nucl Med 49:461-470 Crown Copyright © 2019 Published by Elsevier Inc. All rights
reserved.
Cervical cancer is the fourth most common cancer in
women globally, with the fourth highest mortality.1 It is

the most common cause of death in the less than 35-year-old
female population despite the development of screening and
a vaccine, and remains the leading cause of cancer death in
women in the majority of Sub-Saharan Africa and South-
Eastern Asia.1

The vast majority of cervical cancers are attributable to per-
sistent human papillomavirus infection (HPV). Primary pre-
vention is possible via immunization with highly efficacious
HPV vaccines and secondary prevention is improving with the
advent of sensitive HPV DNA testing to improve the tradi-
tional Pap smear screening programmes.2 Patients may present
with vaginal bleeding, intermenstrual or postcoital bleeding or
may be asymptomatic when cancer is detected early during
screening. Late presentation with advanced disease and renal
failure due to ureteric obstruction is occasionally seen but it is
less frequent in countries with a screening program.
Microinvasive disease is usually managed by localized exci-

sion by laser loop excision, cold cautery or cone biopsy and fol-
lowed up by regular colposcopy. Early stage organ-confined
invasive disease is usually managed by radical surgery. Those
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with locally advanced disease are treated with chemoradiother-
apy (external beam radiotherapy (EBRT) with concurrent cis-
platin chemotherapy followed by intrauterine brachytherapy)
as recommended by the American Society of Clinical Oncol-
ogy, NCI, and European Society for Medical Oncology.2,3 If
para-aortic nodes are involved, the radiation field is extended.

Cervical cancer is often curable if detected early with
5-year survival rates of 92% in the United States. However,
for locally advanced disease the recurrence rates are higher
with 5-year survival rates of 56%. If there are distant metasta-
ses the 5-year survival rate drops to 17%.4

Recently the International Federation of Gynaecology and
Obstetrics (FIGO) revised their cervix uteri cancer staging to
include imaging and pathologic findings when assigning the
stage.5 A key change was the incorporation of nodal metasta-
ses into the staging system since this has a major impact on
management and prognosis (Tables 1 and 2). This new FIGO
staging system was validated in a retrospective United States
SEER cohort, which reviewed cause-specific survival in 8909
patients with stage IB disease and 11,733 stage III patients
and identified distinct characteristics and survival outcomes
within the subdivisions of Stage IB and Stage III.6 It showed
an almost twofold increase in risk of cervical cancer mortality
within the stage IB2 cohort (tumour > 4 cm) in comparison
to stage IB1 (tumour < 4 cm) with an adjusted-hazard ratio
of 1.98 (95% CI 1.62-2.41). Interestingly the stage III cohort
had a diverse range of survival outcomes as women with stage
IIIC1 (pelvic nodal disease) had superior cancer specific sur-
vival than those with stage IIIA-B disease (5-year survival rates
of 46%, 42.6%, and 62.1% for stage IIIA, B, C1, respectively).
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Table 1 FIGO Staging of Cancer of the Cervix Uteri 20185

Stage Description

I The carcinoma is strictly confined to the cervix
(extension to the uterine corpus should be
disregarded)

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

IA1 Measured stromal invasion <3 mm in depth
IA2 Measured stromal invasion �3 mm and <5 mm

in depth
IB Invasive carcinoma with measured deepest

invasion �5 mm (greater than Stage IA, lesion
limited to cervix uteri)

IB1 Invasive carcinoma �5 mm depth of stromal
invasion, and <2 cm in greatest dimension

IB2 Invasive carcinoma �2 cm and <4 cm in
greatest dimension

IB3 Invasive carcinoma �4 cm in greatest dimension
II The carcinoma invades beyond the uterus, but

has not extended onto the lower third of the
vagina or to the pelvic wall

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

IIA1 Invasive carcinoma <4 cm in greatest dimension
IIA2 Invasive carcinoma �4 cm in greatest dimension
IIB With parametrial involvement but not up to the

pelvic wall
III The carcinoma involves the lower third of the

vagina and/or extends to the pelvic wall and/or
causes hydronephrosis or nonfunctioning
kidney and/or involves pelvic and/or paraaortic
lymph nodes

IIIA The carcinoma involves the lower third of the
vagina, with no extension to the pelvic wall

IIIB Extension to the pelvic wall and/or hydronephro-
sis or nonfunctioning kidney (unless known to
be due to another cause)

IIIC Involvement of pelvic and/or paraaortic lymph
nodes, irrespective of tumour size and extent

IIIC1 Pelvic lymph node metastasis only
IIIC2 Para-aortic lymph node metastasis

IV The carcinoma has extended beyond the true
pelvis or has involved (biopsy proven) the
mucosa of the bladder or rectum. (A bullous
oedema, as such, does not permit a case to be
allotted to Stage IV)

IVA Spread to adjacent pelvic organs
IVB Spread to distant organs

Table 2 Changes in Cervical Cancer Staging System6

Characteristics
2014 FIGO
System 2018 FIGO System

Stage IB1 Tumour size
<4 cm

Tumour size <2 cm

Stage IB2 Tumour size
>4 cm

Tumour size 2-3.9 cm

Stage IB3 n/a Tumour size >4 cm
Stage IIIC1 n/a Pelvic lymph node

metastasis only
Stage IIIC2 n/a Para-aortic lymph node

metastasis
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However, survival within the stage IIIC1 cohort differed based
on T-stage (5-years rates: 74.8% T1, 58.7% T2, 39.3% T3).
This demonstrated a limitation of stage IIIC1, which did not
account for inhomogeneity within the primary tumour in the
presence of pelvic nodal metastasis. Information on the degree
of lymph node metastasis ie, bulky vs microscopic in the stage
IIIC1 group was unavailable, as was information on the pres-
ence or absence of para-aortic node metastasis (stage IIIC2).
Whilst prior versions of FIGO staging primarily utilized

clinical examination to provide uniformity in staging in settings
where imaging was not readily available, the new FIGO staging
places increasing emphasis on the role of imaging.

Imaging is important for accurate staging of invasive
organ-confined, locally advanced, and metastatic disease and
during relapse to direct appropriate management.

FDG-PET/CT imaging provides functional data about the
glucose metabolism of the tumor, nodes, and metastases. It
can be utilized at various time points of cervical cancer man-
agement including staging, response assessment, and restaging.
Staging
The appropriate management of cervical cancer is reliant on
accurate staging to help determine the initial course of treat-
ment (surgical vs. nonsurgical) and the patient’s prognosis.

Primary tumour “T” staging in cervical cancer is predomi-
nantly carried out clinically and with pelvic MRI. The excel-
lent soft tissue resolution of MRI allows for accurate
assessment of tumour volume, tumour size, and extent of
parametrial invasion.7 Diffusion-weighted sequences are
helpful in detection of smaller lesions that may not be visual-
ized on standard sequences.7

Due to its limited spatial resolution, PET/CT does not play
a role in characterization or T-staging of the primary cervical
lesion, as it cannot accurately depict local spread such as par-
ametrial extension and vaginal involvement. In addition, it
cannot reliably differentiate between postcone biopsy inflam-
matory change and tumour.

Nodal staging is important as it impacts both prognosis and
treatment planning. The role of FDG-PET/CT in staging in
early stage disease which is typically treated with surgery is
limited, since the prevalence of nodal disease in this group is
low and, if present, it is often small volume micrometastases
below the resolution of PET.8 A prospective study of preopera-
tive FDG-PET/CT in 159 patients demonstrated low sensitivity
(32.1%) for detection of nodal disease in early stage (stage Ib1-
IIa < 4 cm) cervical cancer.9 Notably most nodal metastases
were micrometastases with 34 out of the 61 metastatic nodes
measuring<5 mm, hence below PET resolution.

In locally advanced cervical cancer (LACC), the diagnostic
performance of FDG-PET/CT for nodal disease is superior to
standard MRI and contrast-enhanced CT using size crite-
ria.10,11 Selman et al. reported for nodal status pooled positive
likelihood ratios (and 95% CI) of 15.3 (7.9-29.6) for PET, 6.4



Figure 1 Cervical cancer staging: 64 year old with FIGO stage IIIb cervical carcinoma. Staging FDG PET/CT imaging
(a-c) demonstrates the intensely avid primary cervical tumour (*) with a fluid-filled endometrial cavity and right
hydronephrosis. There are moderately FDG avid small volume pelvic and para-aortic nodes (arrows) with a suspicious
left supraclavicular node (circle) � stage IV disease. The para-aortic and supraclavicular nodal disease was not identi-
fied on CT or MRI. Biopsy of the supraclavicular node confirmed metastasis. The PET/CT changed the management
plan and the patient was treated with chemoradiotherapy to include the aortic strip + brachytherapy. The repeat FDG-
PET/CT 3 months after treatment (d) demonstrates complete metabolic response. The patient remains disease free
2 years following treatment.
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(4.9-8.3) for MRI, and 4.3 (3.0-6.2) for CT with pooled nega-
tive likelihood ratios of 0.27 (0.11-0.66) for PET, 0.50 (0.39-
0.64) for MRI, and 0.58 (0.48-0.70) for CT.11

A meta-analysis of 41 studies, total sample size of 4121 cases,
assessing the diagnostic performance of FDG-PET/CT, MRI,
and CT for the detection of metastatic lymph nodes showed
PET had pooled sensitivity of 82% and specificity of 95% while
CT had 50% and 92% and MRI 56% and 91%, respectively.10

A more recent systematic review of the diagnostic performance
of FDG-PET/CT for nodal staging included 27 studies, with
total sample size of 8507 cases, with surgical pathology as the
reference standard.12 This demonstrated a pooled sensitivity of
72% and pooled specificity of 96% for PET/CT.
Para-aortic nodal disease detection is perhaps more impor-

tant as it results in upstaging of the patient’s disease and subse-
quent modification of treatment (extended field radiotherapy)
(Fig. 1). The incidence of para-aortic nodal involvement
increases with tumour “T” stage ranging from 5% in patients
with stage I disease to 23% of those with stage III.13

A meta-analysis assessing the diagnostic performance of
PET/CT in detection of para-aortic lymph node (PALN)
metastasis in 10 studies with histology as the reference stan-
dard reported consistently high specificity (97%; 95% CI
93%-99%) but low and heterogeneous sensitivity (34%;
95% CI 10%-72%). However, subanalysis of studies with a
higher prevalence of nodal disease (>15% prevalence)
showed improved pooled sensitivity of 73% (95% CI, 53%-
97%) and specificity of 93% (95% CI, 86%-97%).14

A recent multicenter prospective trial compared the diag-
nostic accuracy of combined FDG-PET/contrast-enhanced CT
and contrast-enhanced CT alone with the reference standard
of surgically removed lymph node pathology in 153 patients
with LACC. It identified a borderline significant increase in
sensitivity to detect lymph node metastasis in the abdomen
with the addition of PET to CECT (50% vs. 42%), the specific-
ity was comparable (85% vs. 89%).15

Given the suboptimal sensitivity of FDG-PET/CT for para-
aortic nodal disease, there is debate regarding the best way to
assess para-aortic nodes.2 Some groups would advocate sur-
gical PALN sampling especially if the pelvic nodes are PET
positive and para-aortic PET negative. Others rely on PET
and suggest if high pelvic nodes (common iliac) are PET pos-
itive and sampling is not performed, the radiotherapy field
may be extended to the para-aortic chain.16 A multicenter
RCT assessed the impact of surgical PALN staging in patients
with negative PET imaging of the para-aortic nodes.17 Out of
237 patients, 12% had PALN involvement (12% false nega-
tive rate of PET). They reported the same survival rates in
patients with PALN metastases �5 mm detected surgically
and patients without PALN involvement.
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The Lymphadenectomy in Locally Advanced Cervical
Cancer (LiLACS) Study phase III clinical trial is recruiting
patients with LACC and randomizing those with PET/CT posi-
tive pelvic nodes and negative para-aortic nodes into two treat-
ment groups: whole pelvic chemoradiation therapy vs
laparoscopic extraperitoneal para-aortic lymphadenectomy
and tailored chemoradiation. Given the moderate sensitivity of
PET/CT in previously published studies they are expecting to
show a 9% benefit in overall survival at 3 years in patients that
undergo lymphadenectomy and tailored chemoradiation.18

A recent retrospective single center study assessing the
detection of distant metastatic disease by FDG-PET/CT at the
time of staging in 1158 consecutive subjects reported 6.2%
to have metastases with the lung being the most common
site (35% cases) followed by omentum, bone, and liver.19 A
further study reported a prevalence of distant metastases of
13.7% in 153 cervical cancer patients with high specificity
(97.7%) and positive predictive value (79.3%) of FDG-PET/
CT for detecting distant metastases.20

The use of staging FDG-PET/CT for LACC has been shown
to have a major impact in the initial management in approxi-
mately one-third of patients by altering treatment intent and/
or radiotherapy planning.21 A systematic review published in
2011 by Salem et al. analyzed 10 studies that addressed the
role of PET/CT in planning for EBRT and found that 11%-
19% of patients were upstaged following PET/CT with resul-
tant modification radiotherapy treatment field.22

Several national and international guidelines recommend
the use of FDG-PET/CT in the staging of locally advanced
cervical cancer. The American National Comprehensive Can-
cer Network (NCCN) guidelines currently recommend PET/
CT in FIGO (2014) stage IB2 and state that it is the preferred
modality for staging FIGO stage II-IV.23

The Royal College of Radiologists UK recommends PET/CT
in staging or restaging of patients being considered for exen-
terative surgery as well as those with locally advanced cervical
cancer being considered for radical chemoradiotherapy.24

PET/CT can also be utilized in response assessment for locally
advanced cervical cancer after chemoradiotherapy.24

The European Society of Gynaecological Oncology (ESGO),
European Society of Radiotherapy and Oncology (ESTRO)
and European Society of Pathology (ESP) recommend use of
PET/CT or chest/abdomen CT for assessment of nodal and
distant disease in locally advanced cervical cancer.25

As recommended by these guidelines, imaging prior to
radiotherapy planning is a mainstay in patient management.
ESGO guidelines suggest the use of external beam radiotherapy
to the level of the renal vessels in cases of pelvic nodal involve-
ment indicating a high risk of para-aortic nodal involvement.25

Image-guided brachytherapy requires good primary tumour
spatial resolution and therefore utilizes MRI. However, as will
be discussed later, PET/CT plays a key role in radiotherapy
planning, especially with the development of new techniques
to delineate metabolic tumour volume and reduce interob-
server variability in identifying target volume boundaries.
Several interpretative pitfalls exist in FDG-PET/CT imag-

ing of the pelvis which can lead to potential false positives
and false negatives. Physiological FDG uptake within the
ovaries and endometrium during menstruation and ovula-
tion as well as within benign uterine fibroids or endometri-
otic cysts can mimic disease. Focal ureteric or bladder
activity and physiological bowel activity can also be mistaken
for pathologic uptake or lead to masking of serosal, perito-
neal, or nodal disease. Some mucinous or necrotic tumours
may show low-level FDG uptake and therefore can be less
readily detected. Small lymph nodes or small volume perito-
neal deposits may be below the resolution of PET/CT and
therefore not identified as FDG avid.26
Baseline PET-Derived Prognostic
Factors
A number of FDG-PET-derived baseline prognostic factors
have been reported to predict tumour response to therapy,
the risk of nodal disease, and overall survival. These include
tumour SUVmax, metabolic tumour volume (MTV) and total
lesion glycolysis (TLG).

Several studies have demonstrated that SUVmax of the pri-
mary tumour at baseline can predict outcome. The largest ret-
rospective study of 287 patients with stage IA2-IVB disease
established three prognostic groups based on SUVmax with 5-
year overall survival rates of 95% for SUVmax � 5.2, 70% for
SUVmax between 5.2 and 13.3 and 44% for SUVmax > 13.3.
In multivariate analysis of histology, nodal status, tumour vol-
ume, and tumour SUVmax, SUVmax was the only significant
independent predictor.27 A further study by Onal et al. of 149
patients demonstrated a significantly lower baseline tumour
SUVmax in patients achieving complete remission compared to
those with partial response or progressive disease, SUVmax

15.6 vs SUVmax 28.0 respectively. It also identified a 4-year
actuarial overall survival and disease-free survival for SUVmax

<15.6 to be 85% compared to 34% for SUVmax >15.6.28

However, other studies have demonstrated that SUVmax is a
poor independent predictor of disease progression, recurrence,
and overall survival. A study of 53 patients with FIGO stage IB1
to IVA with FDG-PET/CT prior to treatment demonstrated no
significant correlation between tumour SUVmax and FIGO stage
with an area under curve of 0.67 for SUVmax in predicting recur-
rence or progression. The optimal SUVmax cut off was deter-
mined to be 16.0, however, this did not significantly predict
progression or recurrence-free survival.29 SUVmax suffers from
several limiting factors including, the limitation of representing
the highest metabolic voxel but not the metabolic activity of the
entire tumour. It is reliant on technical factors including the
type of scanner, reconstruction algorithm, and biological factors
like weight and blood glucose level. More recent studies have
suggested reviewing serial SUVmax values during and following
treatment to predict response to therapy.30

In addition, assessment of the whole tumour volume may
be more valuable than SUVmax alone. Volume-based FDG-
PET/CT parameters such as MTV and TLG have been shown
to be of prognostic value in a number of studies. A recent
systematic review and meta-analysis of 12 studies including
660 patients that evaluated pretreatment MTV or TLG as a
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prognostic factor reported that high baseline MTV and TLG
were predictive of higher risk of adverse events or death.31

Lymph node status on FDG-PET has also been shown to
predict disease recurrence and survival outcomes. A prospec-
tive cohort study of 560 patients with pretreatment FDG-PET/
CT staging demonstrated that patients with PET-positive
lymph nodes had significantly worse disease-specific survival
compared to those with PET-negative nodes. The hazard ratios
for disease recurrence increased incrementally based on the
most distant level of PET positive nodal disease: pelvic 2.40
(95%CI, 1.65-3.52), para-aortic 5.88 (95%CI, 3.80-9.09), and
supraclavicular 30.27 (95%CI 16.56-55.34).32

It has also been documented that the level of metabolic
activity (SUVmax) within nodes correlates with outcome. Onal
et al. reported that patients with highly avid pelvic nodes
(SUVmax >7.5) had a higher risk of disease recurrence and
worse OS and a nonsignificant trend for a higher risk of failure
within boosted nodes.28 Ramlov et al. showed a significant
correlation between nodal SUV max and failure in boosted
nodes.33 Nodal SUVmax was a stronger negative prognostic
factor for nodal failure than size or volume of nodes. This sug-
gests that dose escalation or surgical removal of nodes may be
relevant in patients with high nodal SUVmax.
A retrospective study published in 2013 reviewed the pre-

treatment PET/CT in 58 cases of FIGO stage IIB-IVB cervical
cancer who underwent chemoradiotherapy. It reviewed base-
line first order textural features on initial PET/CT imaging
and follow up of patients with their clinical examination
findings and imaging post treatment. It identified advanced
FIGO stage and presence of PALN avidity on PET/CT to be
independent predictors of persistent disease and decreased
overall survival post treatment.34

Multiple textural analysis features have been assessed on
recent studies including those looking at metabolic tumour
volume, total lesion glycolysis, and tumour heterogeneity.
This is discussed further in future directions.
Response Assessment
Therapy response assessment helps alter and adapt a patient's
management plan and tailor treatment to tumour behavior.
In patients with locally advanced cervical cancer the typical
regime consists of 5 weeks of EBRT with concurrent cisplatin
chemoradiotherapy followed by intracavitary brachytherapy.
MRI is now recommended for image-guided adaptive
brachytherapy enabling dose optimization and/or dose esca-
lation leading to superior local control rates (>90%) particu-
larly for large tumours, lower toxicity rates, and an
approximately 10% increase in survival.35 The use of PET for
radiotherapy planning is covered in a later chapter.
FDG -PET/CT response, usually 3 months post comple-

tion of CRT has been shown by a number of groups to be a
surrogate biomarker of response and prognosis (Fig. 1).
The Mallinkrodt group reported in an initial retrospective
series and then in a subsequent prospective cohort that visual
analysis of the PET data into three categories (complete meta-
bolic response (CMR), partial metabolic response (PMR), and
progressive disease (PD)) predicts survival.36,37 The 3-year
PFS rate was 78% for CMR, 33% for PMR, and 0% for PD.36

A further study by the same group assessing the ability of
post-therapy PET to predict patterns of failure following
radiotherapy in 238 patients with LACC reported that
although the CMR group had a lower failure rate, 23% of
patients in this group subsequently relapsed.38 In addition,
the PMR group had a high false positive rate as only 26 out
of 40 patients considered to have PMR on PET had biopsy
proven disease. In summary, post CRT PET has higher NPV
than PPV. Other studies have reported significantly higher
OS rates in the CMR group compared to PMR/PD group.39,40

However, recurrence still occurred in the CMR group in
21%-23% cases with baseline tumour size, a predictive factor
for tumour recurrence in the CMR group.

More recently, a 5-point qualitative visual response assess-
ment scoring system on 3-months post-therapy FDG-PET/
CT ((1) No residual FDG uptake consistent with CMR, (2)
focal uptake less than mediastinal blood pool activity, (3)
focal uptake greater than mediastinal blood pool, but less
than liver activity classified as indeterminate (ID). (4) Focal
uptake greater than liver activity consistent with PMR. (5)
Focal, intense uptake greater than twice background hepatic
activity or new foci not present on baseline imaging PD has
been shown to predict PFS and OS.41

A further study assessed the prognostic value of the
3-month post-CRT FDG-PET/CT using the European Orga-
nization for Research and Treatment of Cancer criteria which
uses changes in SUVmax to designate responders and nonres-
ponders.42 Their results showed FDG-PET/CT response
using the European Organization for Research and Treat-
ment of Cancer criteria reliably predicts OS.

Several guidelines, including NCCN, suggest that PET/CT
can be performed 3-6 months postcompletion of treatment
in FIGO stage IB2 patients or in those with high risk factors
requiring adjuvant chemoradiation (Fig. 2). PET/CT is the
preferred method of surveillance in FIGO stage II-IV disease
and should be performed within 3-6 months of completion
of therapy.5 The European Society of Medical Oncology rec-
ommended CT or PET/CT imaging to be carried out as clini-
cally indicated, with a clinical follow-up schedule that
involves review every 3-6 months for the first 2 years fol-
lowed by 6-12 months for year 3-5.2

MRI can be performed 3-6 months postcompletion of
therapy to assess for residual signal changes and abnormali-
ties.43 Interpretation with standard MRI sequences can be
difficult due to presence of post-therapy inflammation or
scarring,44 although the addition of diffusion-weighted imag-
ing in this scenario may help.45

The use of PET/CT early during CRT treatment, typically
prior to brachytherapy, is not routine but has been explored.
As mentioned, MRI is the modality of choice for brachyther-
apy planning but PET at this time point could be prognostic
and delineate disease (tumour and nodes) for improved tar-
get dose. Bjurberg et al. assessed FDG-PET/CT at baseline,
third week of treatment, and at 3 months after the comple-
tion of treatment in 32 patients with LACC. Visual CMR at 3
weeks during treatment occurred in 7 patients, who did not



Figure 2 Recurrence post chemoradiotherapy � for consideration of exenteration: 52-year-old (stage IIa) T2 N1 M1
cervical carcinoma (*) with suspicious pelvic and para-aortic nodes (white circles) on staging FDG PET/CT (a,b). The
patient underwent chemoradiotherapy including the pelvic and aortic strip + brachytherapy and the 3 month follow-
up MRI study (not shown) demonstrated only a small volume of residual signal abnormality within the cervix. A subse-
quent FDG PET/CT performed 6 months following treatment (c,d) demonstrates local recurrence within the cervix
(red circle) but resolution of the pelvic and para-aortic nodal disease with no evidence of metastases. The patient
underwent subsequent pelvic exenteration.
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demonstrate relapse (mean 28-months follow-up). However,
the outcome of those with PMR or stable disease could not
be accurately predicted.46

Kidd et al. performed baseline, 2-week and 4-week PET/
CT imaging in patients with LACC and reported that tumour
SUVmax and tumour heterogeneity at week 4 were signifi-
cantly associated with post-treatment PET response and a
better predictor than the 2-week scan.30

Yoon et al. assessed the use of FDG-PET/CT immediately post-
nodal radiotherapy (median 63 Gy to gross nodes) in 48 patients
with FDG avid nodal disease at baseline.47 The disease-free sur-
vival for patients with nodal CMR was significantly better than
those with non-CMR (71% vs 18% respectively; P< 0.001).
Overall, whilst patients who achieve CMR early during

CRT carry an excellent prognosis, the PPV of patients with
PMR/SD on early PET is unreliable and thus the utility of
early PET imaging during therapy for response prediction is
limited (Table 3).
Relapse/Pre-exenteration
Disease recurrence within 2 years is high with approximately
one-third of patients with LACC developing recurrence at
least 6 months after regression of treated disease48 (Fig. 3).
Despite some improvement in overall survival and progres-
sion-free survival with the addition of concurrent chemother-
apy to radiotherapy, the 5-year OS rates for stage II, III, and
IV are 64%, 40%, and 15%, respectively.49

Survival rates following recurrence of cervical cancer are
low and the secondary cure efficacy is minimal. Improved
survival and outcomes require early detection of recurrence
and the localization of sites of disease.

As with initial staging imaging, MRI and CT imaging in the
post-therapy setting can be limited in identifying lymph node
metastases and extra pelvic metastases. Therapy related scar-
ring or inflammation can also be difficult to differentiate
from disease.



Table 3 FDG-PET/CT Biomarkers in Cervical Cancer
Response Assessment

Time Point
FDG-PET/CT Response
Predictors

Baseline � PET nodal status is prognostic of
DFS, OS and disease recurrence32

� Baseline SUVmax predicts OS and
outcome27,28,30

� Nodal SUVmax
28,33

� Baseline MTV, TLG predicts DFS,
PFS and OS31

� Textural features54,56-58

Response assess-
ment early
during CRT

� Early FDG-PET/CT during CRT can
identify a subgroup with CMR who
have an excellent prognosis30,47

End of treatment
(3 mo post CRT)

� CMR at 3 mo is an indicator of good
overall survival36,37

� Metabolic response38,47

CMR, complete metabolic response; CRT, chemoradiotherapy; DFS,
disease free survival; MTV, metabolic tumour volume; OS, over-
all survival; SUVmax, maximum standardized uptake value; TLG,
total lesion glycolysis.

Figure 3 Recurrence post chemotherapy: 40 year old with prev
moradiotherapy, presented 1-year post treatment with new pa
formed for restaging confirms intensely metabolically active le
new local recurrence at the cervix (*) with multiple avid retro
be utilized in re-staging/recurrence imaging to assess extent o
cases when surgery would be futile.
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There is no definitive evidence to support the routine use
of FDG-PET/CT in follow-up of patients postcervical cancer
treatment. PET/CT has a role in cases of suspected recurrence
where MRI or CT imaging is equivocal, as suggested by the
Royal College of Radiologists guidelines24 and in cases of
local vaginal recurrence seen on CT or MRI as per the Cancer
Care Ontario guidelines.50 Updated NCCN guidelines, how-
ever state PET/CT as the preferred modality for surveillance
imaging in stage II-IV disease and recommend consideration
of PET/CT in suspected recurrence or metastasis.23 A pro-
spective study of 40 patients with recurrent cervical carci-
noma who underwent restaging PET/CT identified
significant superiority of PET/CT imaging compared to CT/
MRI in detection of metastatic lesions (sensitivity 92% vs.
60%).51 55% of patients underwent changes to their manage-
ment plan following PET/CT.

A systematic review and meta-analysis by Chu et al. con-
firmed the diagnostic value of PET and PET/CT imaging with
pooled sensitivity and specificity of 0.87 and 0.97, respec-
tively in detecting distant metastasis in recurrent cervical can-
cer. Pooled sensitivity and specificity for local regional
recurrence was 0.82 and 0.98 for PET and PET/CT
ious locally advanced cervical cancer, treated with che-
lpable left supraclavicular nodes. An FDG PET/CT per-
ft supraclavicular nodal disease (circle) but in addition
peritoneal and pelvic nodes (arrows). FDG PET/CT can
f disease to help guide subsequent treatment options in
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respectively. This study also confirmed the diagnostic superi-
ority of PET/CT compared to PET alone.52

In the context of recurrent cervical cancer detected on fol-
low-up MRI or CT in patients who may benefit from salvage
therapy in the form of pelvic exenteration, a PET/CT may
help identify presence of distant disease that would make
extensive pelvic surgery futile43 (Fig. 4). This is confirmed
by the ESGO/ESTRO/ESP guidelines.25
Future Directions
Whilst various PET-derived parameters have been shown to
be prognostic in cervical cancer at baseline, during and post-
Figure 4 Pre-exenteration imaging: 55 year old with stage Ib1 c
TAH and BSO. Follow-up MRI imaging (not shown) demons
was performed to re-stage disease and assess if suitable for exe
onstrated with bilateral pelvic lymph nodes (circles). The dise
teration was performed.
therapy (Table 3), we may be able to derive more detailed
individual prognostic data from PET images, perhaps in
combination with MRI. Biomarkers and textural/functional
parameters derived from this imaging are being demon-
strated to play a key role in understanding tumour aggres-
siveness and predicting outcome with the goal of precision
medicine to ultimately improve outcomes.

Radiomics is the use of quantitative measures and features
derived from medical images to help stage, plan manage-
ment, and assess response in malignant disease.53

Yang et al. in a pilot study of 20 LACC patients with pre-
treatment, 2 and 4-week treatment and 12-week post-treat-
ment FDG-PET/CT studies demonstrated that reduction in
regional features of heterogeneity, rather than baseline
ervical carcinoma treated with radiotherapy followed by
trated bulky vaginal vault recurrence. An FDG PET/CT
nteration. The vaginal vault recurrence (arrow) is dem-
ase was limited to the pelvis and therefore a pelvic exen-
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features, were predictive of CMR.54 Tsujikawa et al. reported
FDG-PET-derived textural features might reflect differences
in histologic architecture between cervical cancer subtypes.55

Kung-Chu et al. assessed intratumoral metabolic heteroge-
neity in 44 patients with <4-cm cervical tumours treated
with CRT. By combining TLG and a textural feature assessing
lesion uniformity, they were able to divide patients into high
risk and low risk groups with a 5-year OS of 42% in the high
risk group and 81% in the low risk group, P = 0.001.56

More recently, a study by Lucia et al. of 102 patients (69
training and 33 testing) with LACC assessed if radiomics fea-
tures on FDG-PET/CT and diffusion-weighted imaging-MRI
could predict prognosis.57 Two textural features, GLNUGLRLM

extracted from FDG-PET and EntropyGLCM from ADC maps
derived from diffusion-weighted imaging MRI were powerful
predictors of efficacy of CRT in LACC with higher accuracy
than standard post-treatment metabolic response assessment.57

They have subsequently validated these radiomics features in
two external validation cohorts.58 They proposed identification
of high risk patients at diagnosis could permit tailored therapy
strategies such as higher doses of radiation boost, consolidation
chemotherapy, and /or hysterectomy. The proposed manage-
ment of patients based on the radiomics models will be further
assessed in prospective multicenter trials.
Advances in PET technology with digital PET scanners

which have superior spatial resolution may improve the diag-
nostic performance of PET/CT for detecting small volume
nodal disease and metastases.
Future developments of new PET/CT tracers and the role

of PET/MRI in cervical cancer are further discussed in subse-
quent chapters. ADC = apparent diffusion coefficient; NCI =
National Cancer Institute; SUV = standardized uptake value;
NPV = negative predictive value; PPV = positive predictive
value; TAH = total abdominal hysterectomy; BSO = bilateral
salpingo-oopherectomy.
Summary
FDG-PET/CT has an established role in the staging and ther-
apy planning of LACC particularly for the assessment of
nodal disease and distant metastases.
FDG-PET/CT is increasingly used 3-months post CRT for

response assessment and prognosis and also routinely used
prior to pelvic exenteration.
The rapidly evolving field of radiomics offers future poten-

tial to subselect patients with poor prognostic features for a
more personalized therapeutic approach with the ultimate
goal of improving outcomes.
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