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Abstract
Purpose The aim of this EANM / SNMMI Practice Guideline with ESTRO endorsement is to provide general information and
specific considerations about [18F]FDG PET/CT in advanced uterine cervical cancer for external beam radiotherapy planning
with emphasis on staging and target definition, mostly in FIGO stages IB3-IVA and IVB, treated with curative intention.
Methods Guidelines from related fields, relevant literature and leading experts have been consulted during the development of
this guideline. As this field is rapidly evolving, this guideline cannot be seen as definitive, nor is it a summary of all existing
protocols. Local variations should be taken into consideration when applying this guideline.
Conclusion The background, common clinical indications, qualifications and responsibilities of personnel, procedure / specifi-
cations of the examination, documentation / reporting and equipment specifications, quality control and radiation safety in
imaging is discussed with an emphasis on the multidisciplinary approach.

Keywords Cervical cancer . Positron emission tomography . PET/CT . [18F]FDG . Guideline . Radiation oncology . Treatment
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Preamble

The Society of Nuclear Medicine and Molecular Imaging
(SNMMI) is an international scientific and professional orga-
nization founded in 1954 to promote the science, technology,

and practical application of nuclear medicine. The European
Association of Nuclear Medicine (EANM) is a professional
nonprofit medical association that facilitates communication
worldwide between individuals pursuing clinical and research
excellence in nuclear medicine. The EANM was founded in
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1985. SNMMI and EANM members are physicians, technol-
ogists, and scientists specializing in the research and practice
of nuclear medicine.

The SNMMI and EANM will periodically define new
guidelines for nuclear medicine practice to help advance the
science of nuclear medicine and to improve the quality of
service to patients throughout the world. Existing practice
guidelines will be reviewed for revision or renewal, as appro-
priate, on their fifth anniversary or sooner, if indicated.

Each practice guideline, representing a policy statement by
the SNMMI/EANM, has undergone a thorough consensus
process in which it has been subjected to extensive review.
The SNMMI and EANM recognize that the safe and effective
use of diagnostic nuclear medicine imaging requires specific
training, skills, and techniques, as described in each docu-
ment. Reproduction or modification of the published practice
guideline by those entities not providing these services is not
authorized. These guidelines are an educational tool designed
to assist practitioners in providing appropriate care for pa-
tients. They are not inflexible rules or requirements of practice
and are not intended, nor should they be used, to establish a
legal standard of care. For these reasons and those set forth
below, both the SNMMI and the EANM caution against the
use of these guidelines in litigation in which the clinical deci-
sions of a practitioner are called into question. The ultimate
judgment regarding the propriety of any specific procedure or
course of action must be made by the physician or medical
physicist in light of all the circumstances presented. Thus,
there is no implication that an approach differing from the
guidelines, standing alone, is below the standard of care. To
the contrary, a conscientious practitioner may responsibly
adopt a course of action different from that set forth in the
guidelines when, in the reasonable judgment of the practition-
er, such course of action is indicated by the condition of the
patient, limitations of available resources, or advances in
knowledge or technology subsequent to publication of the
guidelines. The practice of medicine includes both the art
and the science of the prevention, diagnosis, alleviation, and
treatment of disease. The variety and complexity of human
conditions make it impossible to always reach the most appro-
priate diagnosis or to predict with certainty a particular re-
sponse to treatment. Therefore, it should be recognized that
adherence to these guidelines will not ensure an accurate di-
agnosis or a successful outcome. All that should be expected
is that the practitioner will follow a reasonable course of action
based on current knowledge, available resources, and the
needs of the patient to deliver effective and safe medical care.
The sole purpose of these guidelines is to assist practitioners in
achieving this objective.

This guideline is endorsed by the European Society for
Radiotherapy and Oncology (ESTRO).

Introduction

Primary staging of uterine cervical cancer is historically based
on non-imaging clinical parameters determined by the FIGO
classification [1]. This is mainly due to the fact that cervical
cancer is the most common female malignancy in the devel-
oping countries where access to imaging facilities is limited.
However, in the newest edition of the FIGO classification in
2018 [2], there is allowance of the use of any imaging modal-
ity and/or pathological findings for allocating the stage. The
FIGO staging system without imaging performs best for mi-
croscopic or late-stage disease: clinical and surgical stages
correlate in about 90% of cases in patients with stage IA1
disease or stage IIIB and stage IVA disease. For all other
stages of disease, this correlation between clinical and surgical
stage ranges from 66 to 83% [3].

Imaging should be added to the workup and treatment
planning of patients with cervical cancer when available, since
it provides significant additional information to determine
TNM stage [4] and the best choice of treatment, such as the
relationship between primary cancer and adjacent tissue,
lymph node involvement, and distant metastases [5].
Furthermore, radiotherapy treatment planning is critically de-
pendent on imaging [6] in order to maximize dose to tumor
and spare healthy adjacent tissues. In general, MRI is used for
evaluating the local extent of the disease in the pelvis, since it
provides excellent soft tissue detail, showing the primary tu-
mor, the relation between the tumor and the adjacent tissues
(vagina, rectum, bladder and parametrium), and the involve-
ment of local lymph nodes [7, 8]. The MRI field of view
should be expanded with additional abdominal sequence(s)
to assess para-aortic node involvement and possible
hydronephrosis [1, 3]. When MRI is not available, pelvic-
abdominal CT can be performed. Although it is less sensitive
and specific compared toMRI in staging of the pelvis, CT can
still provide essential information on the involvement of
lymph nodes and adjacent tissues, the presence of
hydronephrosis, and the distant metastases, compared to clin-
ical staging alone [7]. Although CT remains essential for do-
simetry and for imaging of the dose-limiting normal tissue in
radiotherapy treatment planning [9], there is development to-
wards MRI-based target definition and treatment planning
(such as MR-Linac) [10, 11]. Recent years have also seen a
trend towards defining the radiotherapy target volume not just
structurally, but also biologically, leading to the term meta-
bolic or biologic target volume (MTV, BTV) [12–14].

Therefore, in addition to anatomical imaging with CT or
MRI, molecular imaging with [18F]FDG PET/CT is often per-
formed in a clinical setting [15, 16]. For example, in brachy-
therapy, the ICRU89 report has highlighted this possibility to
generate composite clinical gross tumor volume (GTV) by
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combining available imaging modalities and clinical exami-
nation [17]. [18F]FDG PET/CT is increasingly becoming a
standard part of the imaging workup and treatment planning
in patients with advanced uterine cervical cancer who are
scheduled to undergo (curative) radio(chemo)therapy, i.e., pa-
tients with FIGO stage IB3-IVA or IVB disease due to para-
aortic lymph node metastases [18–21]. [18F]FDG PET/CT has
little value for staging early-stage tumors (FIGO stage IB1 or
less), due to its low sensitivity in the detection of small lesions
and lymph node metastases in these patients [22, 23].

Although very relevant, there are limited data on the sensi-
tivity and specificity of the different imaging modalities for
detecting lymph node metastases in advanced cervical cancer,
probably because these patients are treated with
(chemo)radiotherapy and histopathological confirmation is
not routinely available. Twometa-analyses with high numbers
of patients present pooled data for all stages, which is proba-
bly an underestimation for advanced disease [24, 25]. In these
studies, the sensitivity of MRI for detecting lymph node me-
tastases varies between 0.54 and 0.57 and the specificity be-
tween 0.87 and 0.93. For [18F]FDG PET/CT, the sensitivity is
0.57, and specificity varies between 0.91 and 0.95. In another
recent analysis, the sensitivity for MRI was 0.37–0.71 and
specificity 0.83–0.93, while for [18F]FDGPET/CT, sensitivity
varied between 0.34 and 0.82 and specificity between 0.93
and 1.00 [26]. A recent systematic review showed a
prevalence-dependent performance of [18F]FDG PET/CT in
detecting lymph node metastases in locally advanced cervical
cancer. At the highest prevalence, which is the closest repre-
sentative to the patients treated with radiotherapy, the positive
and negative predictive values were 0.96 and 0.81 for pelvic
and 0.86 and 0.61 for para-aortic nodes respectively [27].

The following considerations have led to the inclusion of
[18F]FDG PET/CT in staging, additional to the historical
FIGO/TNM staging in locally advanced cervical cancer:

1. Approximately one-half of patients with locally advanced
cervical cancer have lymph node metastases at diagnosis.
Detection of these nodes is essential for optimal treatment
planning [28–30]. [18F]FDG PET/CT has a higher accu-
racy in detection of lymph node metastases (both pelvic
and para-aortic) compared to pure anatomical imaging in
cervical cancer [31–33]. This can alter the radiotherapy
treatment plan, such as extending the radiotherapy field or
applying additional radiotherapy dose (boost) to metasta-
tic lymph nodes, in approximately 20% of the patients
[34, 35]. Both of these adjustments of the treatment plan
have been shown to result in a better survival [36–38].

For groups of patients with the same FIGO stage and treat-
ment, patients with [18F]FDG-positive nodes have a

significantly worse prognosis compared to those with
[18F]FDG-negative nodes [39], suggesting that additional
treatment of [18F]FDG-positive nodes could result in a better
survival. The integration of metabolic information gives the
possibility to deliver PET-guided concomitant boosts to in-
volved lymph nodes and to potentially improve locoregional
control, with acceptable toxicity rates [40].

2. The presence of distant metastases, especially outside the
para-aortic area, generally implies a change of treatment
regime [5, 41]. As [18F]FDG PET/CT scans cover a larger
scan region in general (from skull to mid-thigh) compared
to MRI (pelvis with alternative extension to abdominal
para-aortic), the chance of detecting distant metastases is
higher with PET/CT. In particular, in 40% of the patients
with suspicious (i.e., [18F]FDG-positive) para-aortic
nodes, clinically occult supraclavicular nodes are detected
on [18F]FDG PET/CT as well [42].

3. [18F]FDG PET/CT-based target volume delineation re-
duces the inter-observer variability in radiotherapy treat-
ment planning, as shown for various tumor types [43–45].

Additional aspects, currently under investigation, should
also be mentioned:

4. [18F]FDG-based metabolic tumor volume (MTV) is a
prognostic factor, mainly for highly [18F]FDG-avid tu-
mors such as squamous cell carcinoma of the cervix
[43]. During treatment, MTV seems to have a role in
predicting overall survival [46], similar to the contribution
of residual [18F]FDG uptake after the completion of treat-
ment [47]. In patients treated with modern radiotherapy
modalities, including nodal boosts, the relation between
nodal maximal standard uptake value and risk of nodal
failure has been shown [48]. Radiomic features extracted
from pretreatment [18F]FDG PET/CT could also poten-
tially help predicting the risk of local recurrence [49, 50].

5. Dose painting: The imaging of heterogeneity in the met-
abolic activity [51] or imaging of diverse metabolic path-
ways within a tumor (such as for glucose metabolism, and
hypoxia [15, 52]) allows the use of dose painting [53], the
administration of adapted doses for different sub-regions
of the tumor. If dose painting is going to benefit the clin-
ical outcome [of (chemo) radiotherapy in uterine cervical
cancer], still needs to be elucidated.

6. Including [18F]FDG PET/CT in the radiotherapy treat-
ment plan can result in less toxicity to normal organs. It
has, for example, been shown that PET-based image-guid-
ed IMRT lessens bone marrow toxicity compared to CT-
based bone marrow-sparing IMRT in patients with cervi-
cal cancer who undergo curative chemoradiation [54].
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7. PET/MRI: Based on the theoretical advantages of com-
bining excellent soft tissue detail with metabolic informa-
tion, integrated PET/MRI has been proposed as a suitable
tool for diagnosis and follow-up of cervical cancer [55].
The use of PET/MRI in radiotherapy treatment setting for
gynecological tumors still needs to be elucidated in rou-
tine clinical practice. Specific aspects, such as MRI-
compatible radiotherapy treatment planning equipment
(e.g., lasers) and the recognition of radiotherapy attributes
(e.g., flat bench) by the attenuation correction software
[56], have already been addressed. The remaining chal-
lenges include the implementation of multimodal PET/
MRI image sets in current CT-based radiotherapy
workflows, or the incorporation of PET images in CT-
free, MR-Linac-based workflows.

Goal

The aim of this guideline is to provide general information and
specific considerations about [18F]FDG PET/CT in advanced
uterine cervical cancer for external beam radiotherapy plan-
ning with emphasis on staging and target definition, mostly in
FIGO stages IB3-IVA and IVB, treated with curative
intention.

This field is rapidly evolving, and this guideline cannot be
seen as definitive, nor is it a summary of all existing protocols.
Local variations should be taken into consideration when ap-
plying this guideline, preferably in a multidisciplinary setting.

Definitions

Members of the EANMOncology Committee (JA, chair; AL,
co-chair; RDB; PVH), the SNMMI Oncology Task Force
(HS) and the Advisory Committee on Radiation Oncology
Practice (ACROP) of the European Society for Radiotherapy
and Oncology (ESTRO) (CC), and invited experts from
Europe (WV) and the USA (EK) took part in developing this
guideline.

Except the chair and co-chair, authors are listed in alpha-
betical order. All authors met the non-conflict-of-interest
criteria of the EANM/SNMMI/ESTRO.

Common clinical indications

This guideline describes the practical aspects and special con-
siderations applying to [18F]FDG PET/CT in external beam
radiotherapy treatment planning in (advanced) uterine cervical
cancer.

Qualifications and responsibilities
of personnel

Physicians

Radiotherapy treatment planning for cervical cancer is at the
intersection of radiation oncology, nuclear medicine, and di-
agnostic radiology. It has been shown that mutual training and
close collaboration of specialists from these fields optimize
the treatment target delineation process [57, 58]. It appears
therefore desirable that treatment planning be approached in
a multidisciplinary setting, by professionals trained in
multimodality imaging according to local training programs
[59], who are also participating in the gynecologic multidisci-
plinary tumor board.

The target volume delineation and treatment plan are deter-
mined by the radiation oncologist. Scan reports generated by a
radiologist/nuclear medicine physician should be considered
in target definition. In addition, it is recommended to involve
the radiologist/nuclear medicine physician directly in the de-
lineation process, depending on the level of experience with
[18F]FDG PET/CT among radiation oncologists. Where radi-
ation oncology departments own a PET/CT scanner and con-
duct their own simulation scans, it is required that staff
performing the target delineation is properly trained in
[18F]FDG PET/CT image interpretation. Even in this case,
consultation with a radiologist/nuclear medicine physician
should be easily accessible, for example, when in doubt of
physiology or pathophysiology during the delineation
process.

Technologists

It is necessary that technologists trained in radiotherapy treat-
ment planning are involved in the imaging process. Several
scenarios are possible to accommodate this approach, and
institutional variations occur according to the established
cross training programs. Usually, radiotherapy technologists
are responsible for installation of the radiotherapy equipment
on the PET/CT (e.g., flat bench and treatment positioning
devices), ensuring stable, reproducible, and disease-specific
positioning of the patient. The radiotherapy technologist and
the nuclear medicine technologist together determine the cov-
erage area for the radiation planning PET/CT and establish the
isocenter reference points on the patient. The nuclear medicine
technologist is responsible for acquisition of the planning
datasets and administering the intravenous (IV) contrast.

In general, all tasks could be executed by the personnel of
the department where the scanner is located, if specific knowl-
edge and training has been gained. However, in many cases,
collaboration of departments and personnel is required to war-
rant proper execution of all important aspects. For example,
nuclear medicine technologists may prepare patients for
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optimal biodistribution of [18F]FDG, administer the tracer ac-
cording to radiation safety requirements, and monitor han-
dling of radioactive patients during imaging procedures.
Radiation oncology technologists can position patients on
the PET/CT scanner according to treatment requirements.
Both, the radiation oncology and nuclear medicine technolo-
gists will then collaborate to acquire the image datasets and
verify the image quality and applicability for treatment
planning.

Another option could be that technologists get and main-
tain special training in each other’s fields to create a pool of
technologists available to perform PET/CT in radiotherapy
treatment setting.

Physicists and IT personnel

The multidisciplinary and collaborative approach should ap-
ply to the physicists and IT personnel (technical support team)
as well. Quality control of the PET/CT should be done by a
physicist with special expertise in nuclear medicine. Quality
control of the radiotherapy treatment equipment should be
done by a physicist with an expertise in radiotherapy [57].

Procedure/specifications of the examination

As the availability of imaging modalities assisting radiothera-
py treatment planning is variable between institutions and
continuously evolving, imbedding [18F]FDG PET/CT imag-
ing in the radiotherapy treatment plan should be tailored to
local workflow. The workflow should be defined and man-
aged in a multidisciplinary manner [57, 60].

Request

The execution and interpretation of imaging is guided by the
clinical questions that need to be answered. The request for a
PET/CT in radiotherapy position should be written (preferably
digitally) and contain all standard information for an oncolog-
ical [18F]FDGPET/CT. It should explicitly include the request
for performing the scan in the radiotherapy treatment position.
In most cases, the administration of IV contrast will be re-
quested, and in these cases, kidney function (or eGFR) and
history of contrast allergy should be noted.

Patient preparation and precautions

Patient preparation should be done according to the [18F]FDG
PET/CT EANM procedural guidelines for tumor imaging ver-
sion 2.0 [61]. This includes fasting during 6 h prior to imag-
ing, proper hydration, verification of a serum glucose level <
11 mmol/l, and resting in a quiet environment during the
[18F]FDG uptake time that should ideally last 60 min (±

5 min). The administration of intravenous contrast can con-
tribute to visualization of regional lymph nodes on CT and
may also contribute to delineation of the primary tumor. In
order to differentiate (pelvic) vessels and lymph nodes, a me-
dian portal phase is sufficient (e.g., a 50-s IV contrast delay in
a case of a 170-cm patient with a supine, feet-first, skull-base
to mid-thigh scan protocol). Administration of oral contrast
can be considered in a diluted form (e.g., 5% Telebrix solu-
tion) to minimize PET attenuation artifacts. Administering
intravenous or diluted oral contrast media does not affect vi-
sual assessment of PET/CT in an oncological setting [62–64].
Negative oral contrast (e.g., water) can also been used [65].

Administration of contrast media and premedication
should always follow local protocols.

Radiopharmaceuticals

The administered activity of [18F]FDG should follow the EANM/
SNMMI guidelines on tumor imaging [61] and should comply
with the ALARA principle in the newest generation of scanners,
which might allow administration of less [18F]FDG [66].

Hardware

Dedicated PET/CT hardware is required for PET/CT in radio-
therapy treatment planning (see section VIII).

Protocol/image acquisition

In order to maximize the benefits of incorporating metabolic
information in treatment planning and to guarantee that the
images acquired comply with the requirements for treatment
planning and treatment delivery, it is important to be aware of
the following factors:

1. Initial patient positioning. Accurate reproducibility of pa-
tient positioning is essential when delivering high doses to
the tumor, in order to ensure tumor coverage and to pro-
tect the surrounding normal tissue, such as the rectum,
small bowel, urinary bladder, and pelvic bones [67];
therefore, immobilization devices are routinely used.
Patients should be positioned in the PET/CT scanner in
the treatment position using a radiation immobilization
device on a flat, narrow, and rigid table top for the treat-
ment planning, which should allow registration or
indexing of immobilization devices [67]. Immobilization
systems must be individualized for each patient and
should be anchored to fastening systems, which in turn
must be fixed to the treatment table.

2. Accurate alignment. Patient setup should be performed
with leveling lasers with lateral and sagittal lasers, to en-
sure accurate alignment and positioning. The laser light
system installed in the PET/CT unit must be in accordance
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with the one installed in the radiotherapy unit. Quality
controls of the laser lights of the PET/CT system must
be done routinely to maintain consistency with the treat-
ment unit [67] (see section VIII for quality control as
well). Reference ink or tattoo marks of the isocenter
should be used (one each on the right side, left side, and
ventral center) to ensure reproducibility of setup at the
time of treatment [67]. Patient arms, including elbows,
should be raised outside of the anticipated treatment field
in a comfortable and reproducible position, usually fixed
in a device above the head. In case of a sole abdominal
scan, holding a ring high on the chest is an option. The
[18F]FDG PET/CT can be performed for staging and ra-
diotherapy treatment planning in one setting. In this case,
the scan may detect unexpected distant metastases, and
such patients will not undergo the planned curative radio-
therapy treatment, although they may have received un-
necessary tattoos prior to the scan. This should be
discussed with the patient before the scan. If the same
[18F]FDG PET/CT is used to perform both staging and
radiotherapy treatment planning, intravenous contrast
should be administered to ensure proper identification of
structures, especially lymph nodes, unless contra-
indicated.

3. Combination of procedures. An alternative strategy is to
perform [18F]FDG PET with low dose CT and subse-
quently co-register the images with a separately acquired
planning CT. In this approach, it needs to be ensured that
the [18F]FDG PET/CT scan still adheres to the described
requirements for patient positioning and that image regis-
tration is performed with the highest possible accuracy
and quality control. In case of co-registrations, registration
errors can occur, so a protocol for checking these regis-
trations should be in place.

4. Scan region and direction. Since the pelvis is the area of
focus, performing the PET scan in the caudal to cranial
direction can help reduce artifacts of bladder filling and
bowel peristalsis [68]. Pelvic organs physiologically
change their positions according to the fullness of the
bladder, rectum, or bowels. Therefore, movement of the
cervix and uterus due to bladder/bowel filling needs to be
taken into account during radiation treatment planning,
especially with intensity-modulated radiation (IMRT)
[69, 70].

5. Management and evaluation of bladder filling. Bladder
filling is a critical issue, as it may vary from planning
(PET/)CT to treatment, and during treatment, from one
fraction to another. Up to date, there is no consensus on
what constitutes the best strategy to deal with this chang-
ing anatomy. The definitive imaging protocol should be
developed in collaboration between departments taking
all available imaging modalities into account.
Limitations related to bladder filling should be considered

when integrating primary staging PET/CT findings into
treatment planning.

In general, priority should be given to sensitivity and spec-
ificity when the exam is performed as part of primary staging.
Therefore, acquisition should be performed with an empty
bladder. Patients should void just prior to the [18F]FDG
PET/CT [71]. In most cases, this is sufficient to ensure that
proper interpretation of the scan and extra intervention is not
necessary. Alternatively, patients can have a Foley catheter
placed prior to the [18F]FDG injection, and then following
the [18F]FDG injection, 20–40 mg (0.5 mg/kg body weight)
of furosemide can be administered intravenously along with
continued normal saline aiming to give approximately 1 l of
i.v. fluid [72, 73]. It is important that the Foley catheter be
placed to gravity, below the patient to allow emptying of the
bladder. This approach can potentially decrease the amount of
[18F]FDG in the ureters as well as the bladder. In rare cases, it
may be difficult to distinguish between local [18F]FDG activ-
ity in ureters and small PET positive lymph nodes, and an
additional limited scan after voiding could be helpful.
Bladder irrigation is mainly used in diagnosing bladder cancer
and is not necessary in this setting [74].

When [18F]FDG PET/CT is used for target volume delin-
eation, the following options are possible:

1. Comfortably filled bladder on the treatment planning CT
and throughout the treatment. Drinking protocols are rec-
ommended to achieve this, with specifications on timing
of voiding and timing and volume of fluid intake, in an
attempt to have treatment as reproducible as possible [75].
Performing PET/CT with comfortably filled bladder
would be ideal for bony fusion with treatment planning
CT to guide tumor target delineation, but it can be subop-
timal for proper interpretation of the PET/CT images be-
cause of physiological [18F]FDG activity in the bladder.

2. Full and empty bladder scans at the time of treatment
planning provide information about the range of internal
motion of the target volumes. Performing PET/CT with
empty bladder renders bony fusion hazardous but im-
proves PET/CT interpretation by minimizing the amount
of activity in the bladder. Availability of scans in both
configurations provides information about the range of
internal motion of the target volumes to generate an inter-
nal target volume (ITV) with individualized margins.

3. Another approach considering bladder movements is fu-
sion of diagnostic and treatment planning imaging series,
including PET/CT, with different situations of bladder
filling. These sets of scans with different anatomical situ-
ations can be used to generate a tailored ITV for the cervix
and uterus region, as part of an optimization process of
contouring protocols. Such complex contouring protocols
based on multiple imaging series available with different
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combinations of bladder filling are currently being tested
and evaluated prospectively in a multicenter setting in the
EMBRACE II study [76].

Interpretation/target volume delineation

The gross target volume (GTV) of the primary tumor and
pathological lymph nodes are usually defined on MRI (T2
imaging), supported by gynecological examination. The met-
abolic tumor volume (MTV), defined as tissue with patholog-
ical [18F]FDG uptake, is an essential part of the total volume
that needs to be treated. It identifies macroscopic tumor loca-
tions, with biological characteristics that are thought to nega-
tively affect prognosis and response to treatment and thus
require inclusion in a GTV or boost area [77]. The goal is to
maximize disease control of the primary tumor and nodal
metastasis alike. For this purpose, [18F]FDG PET/CT is gen-
erally assessed using visual criteria in the appropriate clinical
context. The limited spatial resolution and the “natural blur-
ring” of the PET images mean that delineation on PET alone
can be challenging. Delineation of the primary tumor and
lymph nodes is primarily based on anatomical information
provided by CT and/or MRI, taking into account the findings
from gynecological examination, while [18F]FDG PET/CT is
mostly used for additional identification and localization of
suspicious lymph nodes and detection of distant metastases.

Non-physiologic [18F]FDG accumulation on PET images
should be interpreted as pathological, especially when focal,
with additional consideration of signal intensity [61]. The
identification of abnormal uptake is affected by the contrast
between the tumor and its surroundings. This contrast is relat-
ed to several pathophysiological factors, the most significant
of which are lesion size and histology ([18F]FDG avidity of
the tumor), volume of vital tumor cells, patient movement
during image acquisition, and physiological high uptake in
adjacent background [61]. This also translates to strategies to
derive a contour for target definition: The border of a target
volume should be positioned to enclose the metabolic tumor
volume considering these factors. All available information,
such as the results of the additional anatomical imaging,
should be considered when defining the definitive target
volume.

The primary tumor should be histologically verified before
the start of any (curative) treatment. When interpreting the
PET/CT in uterine cervical cancer, the histological subtype
of the tumor should be taken into account (e.g., squamous cell
carcinoma is highly [18F]FDG avid, whereas mucinous ade-
nocarcinoma often shows low [18F]FDG uptake) [78]. Only
tumors that are sufficiently [18F]FDG avid can be staged prop-
erly with [18F]FDG PET/CT, and reduced sensitivity for local
tumor extension and metastatic disease must be taken into
account in case of less [18F]FDG-avid tumors.

Certain standard criteria for lymph node evaluation in ma-
lignancies also apply to uterine cervical cancer [79]. In gener-
al, lymph nodes with short axis larger than 1 cm, any lymph
nodewith central necrosis, high IV contrast media uptake, loss
of fatty hilum, or signs of extra-capsular spread should be
considered pathological on anatomical images [80].
Regardless of these criteria, corresponding [18F]FDG activity
higher than in normal surrounding tissue is suspicious for
metastasis [61]. In general, all suspicious nodes should be
included in the radiotherapy treatment plan. However, some
reactive nodes may also show [18F]FDG uptake. Therefore,
PET findings should be put into clinical perspective, and treat-
ment options should be discussed in the multidisciplinary tu-
mor board considering the known lymphatic drainage patterns
in gynecological cancers: For instance, a small but [18F]FDG-
avid node in a typical nodal basin or in the vicinity of other
clearly involved nodes should be considered malignant, while
a similar node in an aberrant location may be ignored or con-
sidered for verification. Moreover, large nodes with massive
central necrosis and only a small rim of remaining nodal tissue
may show very little [18F]FDG uptake, leading to a false-
negative signal.

The diagnostic performance of PET/CT for defining path-
ological para-aortic lymph nodes is high with sensitivity of
83% and specificity of 91% [25]. However, there is a possi-
bility of false-negative para-aortic nodes on [18F]FDG PET/
CT, reported in up to 22% of those with pelvic nodal metas-
tases [81–83]. Therefore, para-aortic lymph node dissection
prior to radiotherapy in patients with pelvic and without
para-aortal metastases on PET/CT could be considered.

When [18F]FDG PET/CT is used to assist in delineation of
macroscopic tumor, interpretation of the images is generally
visual and supported by anatomical imaging. However, visual
interpretation and manual contouring of multimodal image
data are subject to observer variation. Auto-contouring in-
volves algorithm-based methods to derive tumor borders from
metabolic information on PET/CT. However, this contour
may not be perfect given the limited spatial resolution of
PET as well as inter- and intra-tumoral biological variations
and inhomogeneity. In addition, clinical MR imaging findings
also need to be considered for generating an adequate GTV.
As such, auto-contours require adjustments; they may assist,
but cannot replace, the visual interpretation by trained ob-
servers. Modifications accounting for bladder filling status,
discussed above, are also required. However, one major ad-
vantage of auto-contouring of tumor volumes may be im-
proved interobserver agreement [84]. There are many differ-
ent auto-contouring algorithms available; it is currently un-
known which performs best in the setting of cervical cancer
[85]. As previously described, a simple threshold of 40% of
SUVmax can be sufficient for automatic tumor delineation on
[18F]FDG PET/CT in highly FDG-avid cervical cancer [86],
but this does not eliminate the need for subsequent visual
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verification and manual optimization and adjustment for clin-
ical MR imaging findings. Especially in less [18F]FDG-avid
tumors, manual adjustment of the tumor volume is usually
necessary, in particular to exclude excreted [18F]FDG in the
urinary bladder. In tumors with only mild [18F]FDG uptake
and/or small volume, the delineation of the primary tumor and
involved lymph nodes on PET/CT can be challenging. In
these cases, anatomical imaging, preferably MRI, should
serve as the primary imaging basis for RT treatment planning.

Knowledge of pathological and physiological [18F]FDG
uptake is essential for the interpretation of PET images and
in the delineation process, since several pelvic organs may
show variable physiological [18F]FDG uptake (e.g., the ova-
ries, endometrium, ureters, and urinary bladder) [87]. Variable
[18F]FDG uptake in ovaries during the menstrual cycle and the
differences in physiologic [18F]FDG uptake patterns between
pre- and postmenopausal women should be taken into account
[88]. Presence of distant metastases should always be
discussed in the tumor board, as this is likely to change the
treatment plan from curative to palliative.

In some instances, a surgical dissection of bulky nodes
(mostly > 2.5 cm short axis) is performed to optimize the
effect of subsequent radiotherapy [89]. If the PET/CT is per-
formed shortly thereafter, there is an increased chance of false-
positive findings (i.e., reactive nodes) [90]. Postsurgical
lymphoceles and/or pertinent surgical clips should be included
in the clinical target volume (CTV) delineation field [91].

When the PET/CT is not acquired in the treatment position,
a visual correlation between the planning CT and the PET/CT
can bemade, and the metabolic information can be included in
the target volume delineation. Although this approach is ob-
viously less accurate than performing the PET/CT in the treat-
ment position, significant additional information can still be
retrieved from that PET/CT compared to anatomical imaging,
especially with regard to lymph node involvement [7, 32, 92].

Visual correlation between the MRI and the PET/CT could
be challenging, for example, when MR images for uterine
cervical cancer are acquired perpendicularly to the long axis
of the cervical canal, while the PET/CT is acquired without
angulation [8].

Documentation/reporting

The [18F]FDG PET/CT scans should preferably be reported
by a nuclear medicine physician and/or a radiologist trained in
[18F]FDG PET/CT image interpretation with experience in
gynecological malignancies. Depending on the local circum-
stances and national re-imbursement plans, one joint report for
the CT and PET portions or two separate reports can be issued.
If two separate reports are issued, a brief integrated summary
of key findings should be added to one of these reports.

The report should contain the main clinical information
(with a separate entry of additional clinical data gained from
the patient chart or by consultation of the referring physician),
the clinical question, and technical details, including the ad-
ministered [18F]FDG activity; the serum glucose level prior to
administration of [18F]FDG; the site of [18F]FDG administra-
tion; the [18F]FDG uptake time; the field of view of the scan;
the CT protocol (low dose or dedicated); the additional series
that were acquired, if applicable (e.g., pelvis, full bladder,
prone); the details on administered i.v., oral or vaginal contrast
(including amount and brand name); any pre-medications (ge-
neric name and amount); and the fact that the PET/CT was
performed in the radiotherapy setting.

The report should also mention any imaging studies used
for comparison and correlation, with type of scan and date.

We encourage the use of a standardized report template,
with clear entries for the various body regions and organs and
an enumerated conclusion with recommendation of suggested
additional/follow-up imaging, if applicable.

When the PET/CT scans are directly used for radiotherapy
target delineation, the person performing the delineation
should be trained in [18F]FDG PET/CT image interpretation
(see section V) [93].

Equipment specifications, quality control,
and radiation safety in imaging

The EANM procedural guideline for tumor imaging applies
for this section [61]. The PET/CT equipment used for radio-
therapy treatment should comply with additional hardware
requirements for radiotherapy treatment planning, such as a
flat table top, positioning aids and devices fixed to the flat
table top, planning laser systems, and increased gantry diam-
eter if possible [57].

The quality control (QC) of the PET/CT hardware should
follow national/international guidelines [57] and should in-
clude the QC of the CT [94, 95], the PET [96], and the PET-
CT alignment. There are no radiotherapy-specific PET/CT
QC guidelines yet. QC steps according to radiotherapy recom-
mendations should be followed, including positioning and
movement of table under constant load, artifacts of table top,
and laser geometry and accuracy [97].

The radiation burden from imaging has to be put into per-
spective in case of patients receiving external beam radiother-
apy and in our opinion is negligible in this setting.

Historically, almost half of the radiation exposure of tech-
nologists is related to patient positioning [98]. Several mea-
sures can be taken to limit exposure to personnel, such as
sufficient patient instructions prior to administration of
[18F]FDG, trained staff to shorten positioning time, and room
preparation prior to patient arrival [66, 99].
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Safety, infection control, and patient
education concerns

Local hospital safety protocols should be followed in any
case.

Acknowledgments This guideline was brought to the attention of all
other EANM Committees, the National Societies of Nuclear Medicine,
and the SNMMI members. The comments and suggestions from the
Spanish National Society and two SNMMI members are highly appreci-
ated and have been considered for this Guideline.

We thank the Oncology Committee of the EANM, the EANM Board
Members, the SNMMI Procedure Standard Committee, the ACROP, the
ESTRO, and Sonja Niederkofler (EANM), Julie Kauffman (SNMMI),
and Eralda Azizaj (ESTRO) for their extensive support in the realization
of this guideline.

Funding Open access funding provided by Amsterdam UMC
(University of Amsterdam).

Compliance with ethical standards

Conflict of interest Authors J.A. Adam, A. Loft, R.C. Delgado Bolton,
E. Kidd, H. Schöder, andW.V. Vogel declare that they have no conflict of
interest. Author C. Chargari receives personal fees from Takeda, MSD,
GSK, and Elekta. He is an investigator for clinical trials sponsored by
Roche and receives non-financial support for research from TherAguiX,
all outside this guideline. Author P. Veit-Haibach receives IIS grants from
Bayer Switzerland, Roche Pharmaceuticals, Siemens Healthineers, and
GE Healthcare and speaker fees and travel support from Siemens
Healthineers and GE Healthcare, all outside this guideline.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Liability statement This guideline summarizes the views of the
Oncology Committee of the EANM, the Oncology Task Force of the
SNMMI and the Advisory Committee on Radiation Oncology Practice
(ACROP) of the ESTRO. It reflects recommendations for which the
EANM, SNMMI or ESTRO cannot be held responsible. The recommen-
dations should be taken into context of good practice of nuclear medicine
and do not substitute for national and international legal or regulatory
provisions.

Abbreviations ALARA, As low as reasonably achievable; BTV,
Biological target volume; CT, Computed tomography; EANM,
European Association of Nuclear Medicine; eGFR, Estimated glomerular
filtration rate; ESTRO, European Society for Radiotherapy and
Oncology; [18F]FDG, 2-deoxy-2-[18F]fluoro-D-glucose; FIGO,
International Federation of Gynecology and Obstetrics; GTV, Gross tu-
mor volume; IG-IMRT, Image-guided intensity-modulated radiation
therapy; IMRT, Intensity-modulated radiation therapy; i.v., Intravenous;
MTV, Metabolic tumor volume; MRI, Magnetic resonance imaging;
MR-Linac, MRI-guided radiotherapy; PET-CT, Positron emission to-
mography computed tomography; RT, Radiotherapy; SNMMI, Society
of Nuclear Medicine and Molecular Imaging; SUV, Standard uptake
value; SUVmax, Maximal standardized uptake value; TVD, Target vol-
ume delineation

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source,

provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated oth-
erwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of
this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Pecorelli S, Zigliani L, Odicino F. Revised FIGO staging for carci-
noma of the cervix. Int J Gynaecol Obstet. 2009;105:107–8. https://
doi.org/10.1016/j.ijgo.2009.02.009.

2. Bhatla N, Berek JS, Cuello Fredes M, Denny LA, Grenman S,
Karunaratne K, et al. Revised FIGO staging for carcinoma of the
cervix uteri. Int J Gynaecol Obstet. 2019;145:129–35. https://doi.
org/10.1002/ijgo.12749.

3. Frumovitz M. Invasive cervical cancer: staging and evaluation of
lymph nodes. In: post T, editor. UpToDate. UpToDate Waltham,
MA. (Accessed 29 January 2017).

4. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A,
editors. AJCC cancer stagingmanual (7th ed). NewYork: Springer;
2010.

5. Wiebe E, Denny L, Thomas G. Cancer of the cervix uteri. Int J
Gynaecol Obstet. 2012;119(Suppl 2):S100–9. https://doi.org/10.
1016/S0020-7292(12)60023-X.

6. MacManus M, Nestle U, Rosenzweig KE, Carrio I, Messa C,
Belohlavek O, et al. Use of PET and PET/CT for radiation therapy
planning: IAEA expert report 2006-2007. Radiother Oncol.
2009;91:85–94. https://doi.org/10.1016/j.radonc.2008.11.008.

7. Bipat S, Glas AS, van der Velden J, Zwinderman AH, Bossuyt PM,
Stoker J. Computed tomography and magnetic resonance imaging
in staging of uterine cervical carcinoma: a systematic review.
Gynecol Oncol. 2003;91:59–66.

8. Balleyguier C, Sala E, Da Cunha T, BergmanA, Brkljacic B, Danza
F, et al. Staging of uterine cervical cancer with MRI: guidelines of
the European Society of Urogenital Radiology. Eur Radiol.
2011;21:1102–10. https://doi.org/10.1007/s00330-010-1998-x.

9. Dobbs HJ, Parker RP, Hodson NJ, Hobday P, Husband JE. The use
of CT in radiotherapy treatment planning. Radiother Oncol. 1983;1:
133–41.

10. Kerkmeijer LG, Fuller CD, VerkooijenHM, VerheijM, Choudhury
A, Harrington KJ, et al. The MRI-linear accelerator consortium:
evidence-based clinical introduction of an innovation in radiation
oncology connecting researchers, methodology, data collection,
quality assurance, and technical development. Front Oncol.
2016;6:215. https://doi.org/10.3389/fonc.2016.00215.

11. Fields EC, Weiss E. A practical review of magnetic resonance im-
aging for the evaluation and management of cervical cancer. Radiat
Oncol. 2016;11:15. https://doi.org/10.1186/s13014-016-0591-0.

12. Chiti A, Kirienko M, Gregoire V. Clinical use of PET-CT data for
radiotherapy planning: what are we looking for? Radiother Oncol.
2010;96:277–9. https://doi.org/10.1016/j.radonc.2010.07.021.

13. Takiar V, Fontanilla HP, Eifel PJ, Jhingran A, Kelly P, Iyer RB,
et al. Anatomic distribution of fluorodeoxyglucose-avid para-aortic
lymph nodes in patients with cervical cancer. Int J Radiat Oncol
Biol Phys. 2013;85:1045–50. https://doi.org/10.1016/j.ijrobp.2012.
11.032.

14. Ling CC, Humm J, Larson S, Amols H, Fuks Z, Leibel S, et al.
Towards multidimensional radiotherapy (MD-CRT): biological im-
aging and biological conformality. Int J Radiat Oncol Biol Phys.
2000;47:551–60.

1196 Eur J Nucl Med Mol Imaging  (2021) 48:1188–1199

https://doi.org/
https://doi.org/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1002/ijgo.12749
https://doi.org/10.1002/ijgo.12749
https://doi.org/10.1016/S0020-7292(12)60023-X
https://doi.org/10.1016/S0020-7292(12)60023-X
https://doi.org/10.1016/j.radonc.2008.11.008
https://doi.org/10.1007/s00330-010-1998-x
https://doi.org/10.3389/fonc.2016.00215
https://doi.org/10.1186/s13014-016-0591-0
https://doi.org/10.1016/j.radonc.2010.07.021
https://doi.org/10.1016/j.ijrobp.2012.11.032
https://doi.org/10.1016/j.ijrobp.2012.11.032


15. Lai YL, Wu CY, Chao KS. Biological imaging in clinical oncolo-
gy: radiation therapy based on functional imaging. Int J Clin Oncol.
2016;21:626–32. https://doi.org/10.1007/s10147-016-1000-2.

16. Lammering G, De Ruysscher D, van Baardwijk A, Baumert BG,
Borger J, Lutgens L, et al. The use of FDG-PET to target tumors by
radiotherapy. Strahlenther Onkol. 2010;186:471–81. https://doi.
org/10.1007/s00066-010-2150-1.

17. Prescribing, recording, and reporting brachytherapy for cancer of
the cervix. J ICRU. 2013;13:NP. https://doi.org/10.1093/jicru/
ndw027.

18. Haie-Meder C, Mazeron R, Magne N. Clinical evidence on PET-
CT for radiation therapy planning in cervix and endometrial can-
cers. Radiother Oncol. 2010;96:351–5. https://doi.org/10.1016/j.
radonc.2010.07.010.

19. Green J, Kirwan J, Tierney J, Vale C, Symonds P, Fresco L, et al.
Concomitant chemotherapy and radiation therapy for cancer of the
uterine cervix. Cochrane Database Syst Rev. 2005:CD002225. doi:
https://doi.org/10.1002/14651858.CD002225.pub2.

20. Colombo N, Carinelli S, Colombo A, Marini C, Rollo D, Sessa C,
et al. Cervical cancer: ESMO clinical practice guidelines for diag-
nosis, treatment and follow-up. Ann Oncol. 2012;23 Suppl 7:vii27–
32. https://doi.org/10.1093/annonc/mds268.

21. Fennell J, Scholber J, Grosu AL, Volegova-Neher N, Henne K,
Langer M, et al. MRI and FDG-PET/CT imaging in gynecological
malignancies: the radiation oncology perspective. Q J Nucl Med
Mol Imaging. 2016;60:117–23.

22. Chou HH, Chang TC, Yen TC, Ng KK, Hsueh S, Ma SY, et al.
Low value of [18F]-fluoro-2-deoxy-D-glucose positron emission
tomography in primary staging of early-stage cervical cancer before
radical hysterectomy. J Clin Oncol. 2006;24:123–8. https://doi.org/
10.1200/JCO.2005.03.5964.

23. Wright JD, Dehdashti F, Herzog TJ, Mutch DG, Huettner PC,
Rader JS, et al. Preoperative lymph node staging of early-stage
cervical carcinoma by [18F]-fluoro-2-deoxy-D-glucose-positron
emission tomography. Cancer. 2005;104:2484–91. https://doi.org/
10.1002/cncr.21527.

24. Woo S, Atun R, Ward ZJ, Scott AM, Hricak H, Vargas HA.
Diagnostic performance of conventional and advanced imaging
modalities for assessing newly diagnosed cervical cancer: system-
atic review and meta-analysis. Eur Radiol. 2020. https://doi.org/10.
1007/s00330-020-06909-3.

25. Liu B, Gao S, Li S. A comprehensive comparison of CT, MRI,
positron emission tomography or positron emission tomography/
CT, and diffusion weighted imaging-MRI for detecting the lymph
nodes metastases in patients with cervical cancer: a meta-analysis
based on 67 studies. Gynecol Obstet Investig. 2017;82:209–22.
https://doi.org/10.1159/000456006.

26. Haldorsen IS, Lura N, Blaakaer J, Fischerova D, Werner HMJ.
What is the role of imaging at primary diagnostic work-up in uterine
cervical cancer? Curr Oncol Rep. 2019;21:77. https://doi.org/10.
1007/s11912-019-0824-0.

27. Adam JA, van Diepen PR, Mom CH, Stoker J, van Eck-Smit BLF,
Bipat S. [(18)F]FDG-PET or PET/CT in the evaluation of pelvic
and para-aortic lymph nodes in patients with locally advanced cer-
vical cancer: a systematic review of the literature. Gynecol Oncol.
2020. https://doi.org/10.1016/j.ygyno.2020.08.021.

28. Grigsby PW, Heydon K, Mutch DG, Kim RY, Eifel P. Long-term
follow-up of RTOG 92-10: cervical cancer with positive para-aortic
lymph nodes. Int J Radiat Oncol Biol Phys. 2001;51:982–7.

29. Koh WJ, Abu-Rustum NR, Bean S, Bradley K, Campos MS, Cho
KR, et al. NCCN GUIDELINES®: cervical cancer. J Natl Compr
Canc Netw. 2019;17:1. https://doi.org/10.6004/jnccn.2019.0001.

30. KohWJ, Greer BE, Abu-RustumNR,Apte SM, Campos SM, Chan
J, et al. Cervical cancer. J Natl Compr Cancer Netw. 2013;11:320–
43.

31. Choi HJ, Ju W, Myung SK, Kim Y. Diagnostic performance of
computer tomography, magnetic resonance imaging, and positron
emission tomography or positron emission tomography/computer
tomography for detection of metastatic lymph nodes in patients
with cervical cancer: meta-analysis. Cancer Sci. 2010;101:1471–
9. https://doi.org/10.1111/j.1349-7006.2010.01532.x.

32. Grigsby PW, Siegel BA, Dehdashti F. Lymph node staging by
positron emission tomography in patients with carcinoma of the
cervix. J Clin Oncol. 2001;19:3745–9. https://doi.org/10.1200/jco.
2001.19.17.3745.

33. Loft A, Berthelsen AK, Roed H, Ottosen C, Lundvall L, Knudsen J,
et al. The diagnostic value of PET/CT scanning in patients with
cervical cancer: a prospective study. Gynecol Oncol. 2007;106:
29–34. https://doi.org/10.1016/j.ygyno.2007.03.027.

34. Fontanilla HP, Klopp AH, Lindberg ME, Jhingran A, Kelly P,
Tak i a r V , e t a l . Ana tomic d i s t r i bu t ion o f [ (18 )F ]
fluorodeoxyglucose-avid lymph nodes in patients with cervical
cancer. Pract Radiat Oncol. 2013;3:45–53. https://doi.org/10.
1016/j.prro.2012.02.003.

35. Narayan K, Hicks RJ, Jobling T, Bernshaw D, McKenzie AF. A
comparison of MRI and PET scanning in surgically staged loco-
regionally advanced cervical cancer: potential impact on treatment.
Int J Gynecol Cancer. 2001;11:263–71.

36. Grigsby PW, Singh AK, Siegel BA, Dehdashti F, Rader J, Zoberi I.
Lymph node control in cervical cancer. Int J Radiat Oncol Biol
Phys. 2004;59:706–12. https://doi.org/10.1016/j.ijrobp.2003.12.
038.

37. Grigsby PW, Perez CA, Chao KS, Herzog T, Mutch DG, Rader J.
Radiation therapy for carcinoma of the cervix with biopsy-proven
positive Para-aortic lymph nodes. Int J Radiat Oncol Biol Phys.
2001;49:733–8.

38. Mutic S,Malyapa RS, Grigsby PW,Dehdashti F, Miller TR, Zoberi
I, et al. PET-guided IMRT for cervical carcinoma with positive
para-aortic lymph nodes-a dose-escalation treatment planning
study. Int J Radiat Oncol Biol Phys. 2003;55:28–35.

39. Kidd EA, Siegel BA, Dehdashti F, Rader JS, Mutch DG, Powell
MA, et al. Lymph node staging by positron emission tomography in
cervical cancer: relationship to prognosis. J Clin Oncol. 2010;28:
2108–13. https://doi.org/10.1200/JCO.2009.25.4151.

40. Vargo JA, Kim H, Choi S, Sukumvanich P, Olawaiye AB, Kelley
JL, et al. Extended field intensity modulated radiation therapy with
concomitant boost for lymph node-positive cervical cancer: analy-
sis of regional control and recurrence patterns in the positron emis-
sion tomography/computed tomography era. Int J Radiat Oncol
Biol Phys. 2014;90:1091–8. https://doi.org/10.1016/j.ijrobp.2014.
08.013.

41. Grigsby PW. The prognostic value of PET and PET/CT in cervical
cancer. Cancer Imaging. 2008;8:146–55. https://doi.org/10.1102/
1470-7330.2008.0022.

42. Tran BN, Grigsby PW, Dehdashti F, Herzog TJ, Siegel BA. Occult
supraclavicular lymph node metastasis identified by FDG-PET in
patients with carcinoma of the uterine cervix. Gynecol Oncol.
2003;90:572–6.

43. Bradley J, Thorstad WL, Mutic S, Miller TR, Dehdashti F, Siegel
BA, et al. Impact of FDG-PET on radiation therapy volume delin-
eation in non-small-cell lung cancer. Int J Radiat Oncol Biol Phys.
2004;59:78–86. https://doi.org/10.1016/j.ijrobp.2003.10.044.

44. Vinod SK, Min M, Jameson MG, Holloway LC. A review of inter-
ventions to reduce inter-observer variability in volume delineation
in radiation oncology. J Med Imaging Radiat Oncol. 2016;60:393–
406. https://doi.org/10.1111/1754-9485.12462.

45. Ciernik IF, Dizendorf E, Baumert BG, Reiner B, Burger C, Davis
JB, et al. Radiation treatment planning with an integrated positron
emission and computer tomography (PET/CT): a feasibility study.
Int J Radiat Oncol Biol Phys. 2003;57:853–63.

1197Eur J Nucl Med Mol Imaging  (2021) 48:1188–1199

https://doi.org/10.1007/s10147-016-1000-2
https://doi.org/10.1007/s00066-010-2150-1
https://doi.org/10.1007/s00066-010-2150-1
https://doi.org/10.1093/jicru/ndw027
https://doi.org/10.1093/jicru/ndw027
https://doi.org/10.1016/j.radonc.2010.07.010
https://doi.org/10.1016/j.radonc.2010.07.010
https://doi.org/10.1002/14651858.CD002225.pub2
https://doi.org/10.1093/annonc/mds268
https://doi.org/10.1200/JCO.2005.03.5964
https://doi.org/10.1200/JCO.2005.03.5964
https://doi.org/10.1002/cncr.21527
https://doi.org/10.1002/cncr.21527
https://doi.org/10.1007/s00330-020-06909-3
https://doi.org/10.1007/s00330-020-06909-3
https://doi.org/10.1159/000456006
https://doi.org/10.1007/s11912-019-0824-0
https://doi.org/10.1007/s11912-019-0824-0
https://doi.org/10.1016/j.ygyno.2020.08.021
https://doi.org/10.6004/jnccn.2019.0001
https://doi.org/10.1111/j.1349-7006.2010.01532.x
https://doi.org/10.1200/jco.2001.19.17.3745
https://doi.org/10.1200/jco.2001.19.17.3745
https://doi.org/10.1016/j.ygyno.2007.03.027
https://doi.org/10.1016/j.prro.2012.02.003
https://doi.org/10.1016/j.prro.2012.02.003
https://doi.org/10.1016/j.ijrobp.2003.12.038
https://doi.org/10.1016/j.ijrobp.2003.12.038
https://doi.org/10.1200/JCO.2009.25.4151
https://doi.org/10.1016/j.ijrobp.2014.08.013
https://doi.org/10.1016/j.ijrobp.2014.08.013
https://doi.org/10.1102/1470-7330.2008.0022
https://doi.org/10.1102/1470-7330.2008.0022
https://doi.org/10.1016/j.ijrobp.2003.10.044
https://doi.org/10.1111/1754-9485.12462


46. Liu FY, Lai CH, Yang LY, Wang CC, Lin G, Chang CJ, et al.
Utility of (18)F-FDG PET/CT in patients with advanced squamous
cell carcinoma of the uterine cervix receiving concurrent chemora-
diotherapy: a parallel study of a prospective randomized trial. Eur J
Nucl Med Mol Imaging. 2016;43:1812–23. https://doi.org/10.
1007/s00259-016-3384-7.

47. Chung HH, Kim SK, Kim TH, Lee S, Kang KW, Kim JY, et al.
Clinical impact of FDG-PET imaging in post-therapy surveillance
of uterine cervical cancer: from diagnosis to prognosis. Gynecol
Oncol. 2006;103:165–70. https://doi.org/10.1016/j.ygyno.2006.
02.016.

48. Ramlov A, Kroon PS, Jurgenliemk-Schulz IM, De Leeuw AA,
Gormsen LC, Fokdal LU, et al. Impact of radiation dose and stan-
dardized uptake value of (18)FDG PET on nodal control in locally
advanced cervical cancer. Acta Oncol. 2015;54:1567–73. https://
doi.org/10.3109/0284186X.2015.1061693.

49. Reuze S, Orlhac F, Chargari C, Nioche C, Limkin E, Riet F, et al.
Prediction of cervical cancer recurrence using textural features ex-
tracted from 18F-FDG PET images acquired with different scan-
ners. Oncotarget. 2017;8:43169–79. https://doi.org/10.18632/
oncotarget.17856.

50. Lucia F, Visvikis D, Desseroit MC, Miranda O,Malhaire JP, Robin
P, et al. Prediction of outcome using pretreatment (18)F-FDG PET/
CT and MRI radiomics in locally advanced cervical cancer treated
with chemoradiotherapy. Eur J Nucl Med Mol Imaging. 2018;45:
768–86. https://doi.org/10.1007/s00259-017-3898-7.

51. Kidd EA, Grigsby PW. Intratumoral metabolic heterogeneity of
cervical cancer. Clin Cancer Res. 2008;14:5236–41. https://doi.
org/10.1158/1078-0432.CCR-07-5252.

52. Haubner R. PET radiopharmaceuticals in radiation treatment plan-
ning - synthesis and biological characteristics. Radiother Oncol.
2010;96:280–7. https://doi.org/10.1016/j.radonc.2010.07.022.

53. Bentzen SM, Gregoire V. Molecular imaging-based dose painting:
a novel paradigm for radiation therapy prescription. Semin Radiat
Oncol. 2011;21:101–10. https://doi.org/10.1016/j.semradonc.2010.
10.001.

54. Mell LK, Sirak I, Wei L, Tarnawski R, Mahantshetty U, Yashar
CM, et al. Bone marrow-sparing intensity modulated radiation ther-
apy with concurrent cisplatin for stage IB-IVA cervical cancer: an
international multicenter phase II clinical trial (INTERTECC-2). Int
J Radiat Oncol Biol Phys. 2017;97:536–45. https://doi.org/10.
1016/j.ijrobp.2016.11.027.

55. Queiroz MA, Kubik-Huch RA, Hauser N, Freiwald-Chilla B, von
Schulthess G, Froehlich JM, et al. PET/MRI and PET/CT in ad-
vanced gynaecological tumours: initial experience and comparison.
Eur Radiol. 2015;25:2222–30. https://doi.org/10.1007/s00330-
015-3657-8.

56. Paulus DH, Thorwath D, Schmidt H, Quick HH. Towards integra-
tion of PET/MR hybrid imaging into radiation therapy treatment
planning. Med Phys. 2014;41:072505. https://doi.org/10.1118/1.
4881317.

57. Thorwarth D, Beyer T, Boellaard R, de Ruysscher D, Grgic A, Lee
JA, et al. Integration of FDG-PET/CT into external beam radiation
therapy planning: technical aspects and recommendations on meth-
odological approaches. Nuklearmedizin. 2012;51:140–53. https://
doi.org/10.3413/Nukmed-0455-11-12.

58. Doll C, Duncker-Rohr V, Rucker G, Mix M, MacManus M, De
Ruysscher D, et al. Influence of experience and qualification on
PET-based target volume delineation. When there is no expert–
ask your colleague. Strahlenther Onkol. 2014;190:555–62. https://
doi.org/10.1007/s00066-014-0644-y.

59. International radiology trends meeting on hybrid imaging, consen-
sus discussion at Annual Meeting of the Radiological Society of
North America. Chicago, Ill.: RSNA; 2009.

60. Pan T. TH-E-202-01: pitfalls and remedies in PET/CT imaging for
RT planning. Med Phys. 2016;43:3900. https://doi.org/10.1118/1.
4958270.

61. Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch
K, Eschner W, et al. FDG PET/CT: EANM procedure guidelines
for tumour imaging: version 2.0. Eur J Nucl Med Mol Imaging.
2015;42:328–54. https://doi.org/10.1007/s00259-014-2961-x.

62. Berthelsen AK, Holm S, Loft A, Klausen TL, Andersen F,
Hojgaard L. PET/CT with intravenous contrast can be used for
PET attenuation correction in cancer patients. Eur J Nucl Med
Mol Imaging. 2005;32:1167–75. https://doi.org/10.1007/s00259-
005-1784-1.

63. Antoch G, Freudenberg LS, Beyer T, Bockisch A, Debatin JF. To
enhance or not to enhance? 18F-FDG and CT contrast agents in
dual-modality 18F-FDG PET/CT. J Nucl Med. 2004;45(Suppl 1):
56S–65S.

64. Yau YY, Chan WS, Tam YM, Vernon P, Wong S, Coel M, et al.
Application of intravenous contrast in PET/CT: does it really intro-
duce significant attenuation correction error? J Nucl Med. 2005;46:
283–91.

65. Antoch G, Kuehl H, Kanja J, Lauenstein TC, Schneemann H,
Hauth E, et al. Dual-modality PET/CT scanning with negative oral
contrast agent to avoid artifacts: introduction and evaluation.
Radiology. 2004;230:879–85. https://doi.org/10.1148/radiol.
2303021287.

66. Bixler A, Springer G, Lovas R. Practical aspects of radiation safety
for using fluorine-18. J Nucl Med Technol. 1999;27:14–6 quiz 8-9.

67. Gregoire V. Is there any future in radiotherapy planning without the
use of PET: unraveling the myth. Radiother Oncol. 2004;73:261–3.
https://doi.org/10.1016/j.radonc.2004.10.005.

68. Lee LK, Kilcoyne A, Goldberg-Stein S, ChowDZ, Lee SI. FDG PET-
CT of genitourinary and gynecologic tumors: overcoming the chal-
lenges of evaluating the abdomen and pelvis. Semin Roentgenol.
2016;51:2–11. https://doi.org/10.1053/j.ro.2015.12.007.

69. Jadon R, Pembroke CA, Hanna CL, Palaniappan N, Evans M,
Cleves AE, et al. A systematic review of organ motion and
image-guided strategies in external beam radiotherapy for cervical
cancer. Clin Oncol (R Coll Radiol). 2014;26:185–96. https://doi.
org/10.1016/j.clon.2013.11.031.

70. Huh SJ, Park W, Han Y. Interfractional variation in position of the
uterus during radical radiotherapy for cervical cancer. Radiother
Oncol. 2004;71:73–9. https://doi.org/10.1016/j.radonc.2004.01.005.

71. Sugawara Y, Eisbruch A, Kosuda S, Recker BE, Kison PV, Wahl
RL. Evaluation of FDG PET in patients with cervical cancer. J Nucl
Med. 1999;40:1125–31.

72. Leisure GP, Vesselle HJ, Faulhaber PF, O'Donnell JK, Adler LP,
Miraldi F. Technical improvements in fluorine-18-FDG PET imaging
of the abdomen and pelvis. J Nucl Med Technol. 1997;25:115–9.

73. Nayak B, Dogra PN, Naswa N, Kumar R. Diuretic 18F-FDG PET/
CT imaging for detection and locoregional staging of urinary blad-
der cancer: prospective evaluation of a novel technique. Eur J Nucl
Med Mol Imaging. 2013;40:386–93. https://doi.org/10.1007/
s00259-012-2294-6.

74. Vicente AM, Castrejon AS, Munoz AP, Woll PP, Garcia AN.
Impact of 18F-FDG PET/CT with retrograde filling of the urinary
bladder in patients with suspected pelvic malignancies. J Nucl Med
Technol. 2010;38:128–37. https://doi.org/10.2967/jnmt.109.
074146.

75. Mullaney LM, O'Shea E, Dunne MT, Finn MA, Thirion PG, Cleary
LA, et al. A randomized trial comparing bladder volume consistency
during fractionated prostate radiation therapy. Pract Radiat Oncol.
2014;4:e203–12. https://doi.org/10.1016/j.prro.2013.11.006.

76. Potter R, Tanderup K, Kirisits C, de LeeuwA, Kirchheiner K, Nout
R, et al. The EMBRACE II study: the outcome and prospect of two
decades of evolution within the GEC-ESTROGYNworking group

1198 Eur J Nucl Med Mol Imaging  (2021) 48:1188–1199

https://doi.org/10.1007/s00259-016-3384-7
https://doi.org/10.1007/s00259-016-3384-7
https://doi.org/10.1016/j.ygyno.2006.02.016
https://doi.org/10.1016/j.ygyno.2006.02.016
https://doi.org/10.3109/0284186X.2015.1061693
https://doi.org/10.3109/0284186X.2015.1061693
https://doi.org/10.18632/oncotarget.17856
https://doi.org/10.18632/oncotarget.17856
https://doi.org/10.1007/s00259-017-3898-7
https://doi.org/10.1158/1078-0432.CCR-07-5252
https://doi.org/10.1158/1078-0432.CCR-07-5252
https://doi.org/10.1016/j.radonc.2010.07.022
https://doi.org/10.1016/j.semradonc.2010.10.001
https://doi.org/10.1016/j.semradonc.2010.10.001
https://doi.org/10.1016/j.ijrobp.2016.11.027
https://doi.org/10.1016/j.ijrobp.2016.11.027
https://doi.org/10.1007/s00330-015-3657-8
https://doi.org/10.1007/s00330-015-3657-8
https://doi.org/10.1118/1.4881317
https://doi.org/10.1118/1.4881317
https://doi.org/10.3413/Nukmed-0455-11-12
https://doi.org/10.3413/Nukmed-0455-11-12
https://doi.org/10.1007/s00066-014-0644-y
https://doi.org/10.1007/s00066-014-0644-y
https://doi.org/10.1118/1.4958270
https://doi.org/10.1118/1.4958270
https://doi.org/10.1007/s00259-014-2961-x
https://doi.org/10.1007/s00259-005-1784-1
https://doi.org/10.1007/s00259-005-1784-1
https://doi.org/10.1148/radiol.2303021287
https://doi.org/10.1148/radiol.2303021287
https://doi.org/10.1016/j.radonc.2004.10.005
https://doi.org/10.1053/j.ro.2015.12.007
https://doi.org/10.1016/j.clon.2013.11.031
https://doi.org/10.1016/j.clon.2013.11.031
https://doi.org/10.1016/j.radonc.2004.01.005
https://doi.org/10.1007/s00259-012-2294-6
https://doi.org/10.1007/s00259-012-2294-6
https://doi.org/10.2967/jnmt.109.074146
https://doi.org/10.2967/jnmt.109.074146
https://doi.org/10.1016/j.prro.2013.11.006


and the EMBRACE studies. Clin Transl Radiat Oncol. 2018;9:48–
60. https://doi.org/10.1016/j.ctro.2018.01.001.

77. Han S, Kim H, Kim YJ, Suh CH, Woo S. Prognostic value of
volume-basedmetabolic parameters of (18)F-FDG PET/CT in uter-
ine cervical cancer: a systematic review and meta-analysis. AJR
Am J Roentgenol. 2018;211:1112–21. https://doi.org/10.2214/
AJR.18.19734.

78. Kidd EA, Spencer CR, Huettner PC, Siegel BA, Dehdashti F, Rader
JS, et al. Cervical cancer histology and tumor differentiation affect
18F-fluorodeoxyglucose uptake. Cancer. 2009;115:3548–54.
https://doi.org/10.1002/cncr.24400.

79. Einstein DM, Singer AA, Chilcote WA, Desai RK. Abdominal
lymphadenopathy: spectrum of CT findings. Radiographics.
1991;11:457–72. https://doi.org/10.1148/radiographics.11.3.
1852937.

80. Golder WA. Lymph node diagnosis in oncologic imaging: a dilem-
ma still waiting to be solved. Onkologie. 2004;27:194–9. https://
doi.org/10.1159/000076912.

81. Gouy S, Morice P, Narducci F, Uzan C, Gilmore J, Kolesnikov-
Gauthier H, et al. Nodal-staging surgery for locally advanced cer-
vical cancer in the era of PET. Lancet Oncol. 2012;13:e212–20.
https://doi.org/10.1016/S1470-2045(12)70011-6.

82. Leblanc E, Gauthier H, Querleu D, Ferron G, Zerdoud S, Morice P,
et al. Accuracy of 18-fluoro-2-deoxy-D-glucose positron emission
tomography in the pretherapeutic detection of occult para-aortic
node involvement in patients with a locally advanced cervical car-
cinoma. Ann Surg Oncol. 2011;18:2302–9. https://doi.org/10.
1245/s10434-011-1583-9.

83. Uzan C, Souadka A, Gouy S, Debaere T, Duclos J, Lumbroso J,
et al. Analysis of morbidity and clinical implications of laparoscop-
ic para-aortic lymphadenectomy in a continuous series of 98 pa-
tients with advanced-stage cervical cancer and negative PET-CT
imaging in the para-aortic area. Oncologist. 2011;16:1021–7.
https://doi.org/10.1634/theoncologist.2011-0007.

84. Jameson MG, Holloway LC, Vial PJ, Vinod SK, Metcalfe PE. A
review of methods of analysis in contouring studies for radiation
oncology. J Med Imaging Radiat Oncol. 2010;54:401–10. https://
doi.org/10.1111/j.1754-9485.2010.02192.x.

85. Hatt M, Lee J, Schmidtlein CR, El Naqa I, Caldwell C, De Bernardi
E, et al. Classification and evaluation strategies of auto-
segmentation approaches for PET: report of AAPM task group
no. 211. Med Phys. 2017. https://doi.org/10.1002/mp.12124.

86. Kidd EA, El Naqa I, Siegel BA, Dehdashti F, Grigsby PW. FDG-
PET-based prognostic nomograms for locally advanced cervical
cancer. Gynecol Oncol. 2012;127:136–40. https://doi.org/10.
1016/j.ygyno.2012.06.027.

87. Gorospe L, Jover-Diaz R, Vicente-Bartulos A. Spectrum of PET-
CT pelvic pitfalls in patients with gynecologic malignancies.
Abdom Imaging. 2012;37:1041–65. https://doi.org/10.1007/
s00261-012-9867-5.

88. Lerman H, Metser U, Grisaru D, Fishman A, Lievshitz G, Even-
Sapir E. Normal and abnormal 18F-FDG endometrial and ovarian
uptake in pre- and postmenopausal patients: assessment by PET/
CT. J Nucl Med. 2004;45:266–71.

89. Gold MA, Tian C, Whitney CW, Rose PG, Lanciano R. Surgical
versus radiographic determination of para-aortic lymph node me-
tastases before chemoradiation for locally advanced cervical carci-
noma: a gynecologic oncology group study. Cancer. 2008;112:
1954–63. https://doi.org/10.1002/cncr.23400.

90. Liu Y. Postoperative reactive lymphadenitis: a potential cause of
false-positive FDGPET/CT.World J Radiol. 2014;6:890–4. https://
doi.org/10.4329/wjr.v6.i12.890.

91. Small W Jr, Mell LK, Anderson P, Creutzberg C, De Los SJ,
Gaffney D, et al. Consensus guidelines for delineation of clinical
target volume for intensity-modulated pelvic radiotherapy in post-
operative treatment of endometrial and cervical cancer. Int J Radiat
Oncol Biol Phys. 2008;71:428–34. https://doi.org/10.1016/j.ijrobp.
2007.09.042.

92. Igdem S, Alco G, Ercan T, Unalan B, Kara B, Geceer G, et al. The
application of positron emission tomography/computed tomogra-
phy in radiation treatment planning: effect on gross target volume
definition and treatment management. Clin Oncol (R Coll Radiol).
2010;22:173–8. https://doi.org/10.1016/j.clon.2010.01.003.

93. Denolle T, Chamontin B, Doll G, Fauvel JP, Girerd X, Herpin D,
et al. Management of resistant hypertension. Expert consensus
statement from the French Society of Hypertension, an affiliate of
the French Society of Cardiology. Presse Med. 2014;43:1325–31.
https://doi.org/10.1016/j.lpm.2014.07.016.

94. IEC. IEC 61223–2-6 Evaluation and routine testing in medical im-
aging departments part 2–6: constancy tests – Imaging performance
of computed tomography X-ray equipment; 2006:61223–2–6.
https://standards.iteh.ai/catalog/standards/sist/8d8d1fff-ad35-4f60-
903d-7da780f511f9/sist-en-61223-2-6-2010

95. IEC. IEC 61223–3-5. Evaluation and routine testing in medical
imaging departments part 3–5: Acceptance tests – Imaging perfor-
mance of computed tomography X-ray equipment; 2004. https://
standards.iteh.ai/catalog/standards/sist/c436c85e-1068-47be-a391-
ba5f1ce42c95/sist-en-iec-61223-3-5-2020

96. Busemann Sokole E, Plachcinska A, Britten A, Committee EP.
Acceptance testing for nuclear medicine instrumentation. Eur J
Nucl Med Mol Imaging. 2010;37:672–81. https://doi.org/10.1007/
s00259-009-1348-x.

97. Mutic S, Palta JR, Butker EK, Das IJ, Huq MS, Loo LN, et al.
Quality assurance for computed-tomography simulators and the
computed-tomography-simulation process: report of the AAPM ra-
diation therapy committee task group no. 66. Med Phys. 2003;30:
2762–92. https://doi.org/10.1118/1.1609271.

98. Seierstad T, Stranden E, Bjering K, Evensen M, Holt A, Michalsen
HM, et al. Doses to nuclear technicians in a dedicated PET/CT
centre utilising 18F fluorodeoxyglucose (FDG). Radiat Prot
Dosim. 2007;123:246–9. https://doi.org/10.1093/rpd/ncl141.

99. Kinggaard Federspiel M, Hogg P, (ed) EANM PET/CT
Radiotherapy planning part 3 A technologist guide; 2012.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1199Eur J Nucl Med Mol Imaging  (2021) 48:1188–1199

https://doi.org/10.1016/j.ctro.2018.01.001
https://doi.org/10.2214/AJR.18.19734
https://doi.org/10.2214/AJR.18.19734
https://doi.org/10.1002/cncr.24400
https://doi.org/10.1148/radiographics.11.3.1852937
https://doi.org/10.1148/radiographics.11.3.1852937
https://doi.org/10.1159/000076912
https://doi.org/10.1159/000076912
https://doi.org/10.1016/S1470-2045(12)70011-6
https://doi.org/10.1245/s10434-011-1583-9
https://doi.org/10.1245/s10434-011-1583-9
https://doi.org/10.1634/theoncologist.2011-0007
https://doi.org/10.1111/j.1754-9485.2010.02192.x
https://doi.org/10.1111/j.1754-9485.2010.02192.x
https://doi.org/10.1002/mp.12124
https://doi.org/10.1016/j.ygyno.2012.06.027
https://doi.org/10.1016/j.ygyno.2012.06.027
https://doi.org/10.1007/s00261-012-9867-5
https://doi.org/10.1007/s00261-012-9867-5
https://doi.org/10.1002/cncr.23400
https://doi.org/10.4329/wjr.v6.i12.890
https://doi.org/10.4329/wjr.v6.i12.890
https://doi.org/10.1016/j.ijrobp.2007.09.042
https://doi.org/10.1016/j.ijrobp.2007.09.042
https://doi.org/10.1016/j.clon.2010.01.003
https://doi.org/10.1016/j.lpm.2014.07.016
https://standards.iteh.ai/catalog/standards/sist/8d8d1fff-ad35-4f60-903d-7da780f511f9/sist-en-61223-2-6-2010
https://standards.iteh.ai/catalog/standards/sist/8d8d1fff-ad35-4f60-903d-7da780f511f9/sist-en-61223-2-6-2010
https://standards.iteh.ai/catalog/standards/sist/c436c85e-1068-47be-a391-ba5f1ce42c95/sist-en-iec-61223-3-5-2020
https://standards.iteh.ai/catalog/standards/sist/c436c85e-1068-47be-a391-ba5f1ce42c95/sist-en-iec-61223-3-5-2020
https://standards.iteh.ai/catalog/standards/sist/c436c85e-1068-47be-a391-ba5f1ce42c95/sist-en-iec-61223-3-5-2020
https://doi.org/10.1007/s00259-009-1348-x
https://doi.org/10.1007/s00259-009-1348-x
https://doi.org/10.1118/1.1609271
https://doi.org/10.1093/rpd/ncl141

	EANM/SNMMI practice guideline for [18F]FDG PET/CT external beam radiotherapy treatment planning in uterine cervical cancer v1.0
	Abstract
	Abstract
	Abstract
	Abstract
	Preamble
	Introduction
	Goal
	Definitions
	Common clinical indications
	Qualifications and responsibilities of personnel
	Physicians
	Technologists
	Physicists and IT personnel

	Procedure/specifications of the examination
	Request
	Patient preparation and precautions
	Radiopharmaceuticals
	Hardware
	Protocol/image acquisition
	Interpretation/target volume delineation

	Documentation/reporting
	Equipment specifications, quality control, and radiation safety in imaging
	Safety, infection control, and patient education concerns
	References


