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T
he use of positron emission tomography
(PET) has become increasingly valuable
in oncology. With the development of

PET imaging combined with computed to-
mography (CT) scanning, it is now possible
to obtain anatomic and biological informa-
tion in one imaging session with greater di-
agnostic accuracy. The process of incorporat-
ing PET/CT into radiation treatment (RT)
planning has created new and exciting possi-
bilities for superior target volume definition.

This represents one of several major techno-
logical advances achieved over the last
decade in the field of radiation oncology. 

These innovative approaches have evolved
into more complex and refined image-based
therapeutic radiation techniques, such as
intensity-modulated radiation therapy
(IMRT) and image-guided radiation therapy
(IGRT), that more accurately target disease
and preserve function of adjacent normal tis-
sues. Radiation oncologists are rapidly
embracing functional imaging to augment
target volume delineation. Since the success
of these highly conformal therapies relies on
“dose sculpting” to target tumor volumes
and spare surrounding critical structures,
accuracy in target volume definition is 
essential. 

PET/CT SIMULATION
Modern RT planning is currently based on
3D conformal radiation therapy, which uses
CT—often with contrast enhancement—as
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the standard imaging method for the
treatment planning process. Comple-
mentary imaging modalities such as MRI
can be fused with simulation CT to aid in
target or normal tissue definition. PET
alone has been difficult to use for plan-
ning purposes due to its lack of the cus-
tomary anatomic detail necessary for
conformal RT planning. The lack of a
simple method to fuse the PET data set
with the simulation CT data set has fur-
ther limited the role of stand-alone PET
systems in radiation oncology.

Hybrid PET/CT systems, however,
avoid the limitations of stand-alone PET
systems by acquiring CT (anatomic) and
PET (biologic/physiologic) data using
the same indexed table without moving
the patient. Use of these systems instead
of the conventional CT simulation elimi-
nates the need to fuse the PET data set
with a CT simulation data set. The CT
images from the PET/CT study can
serve as the CT simulation for treatment
planning. When this option is not avail-
able, alternative methods for image
acquisition and fusion of the PET/CT
data set with the CT simulation have to
be developed to guarantee consistent and
adequate fused image sets for evaluation
and target definition. 

PET fusion can provide valuable infor-
mation when it has been satisfactorily
performed (see table). To incorporate
PET/CT into the planning process, sev-
eral parameters must be considered. 

First, all of the images must be ac-

quired with proper patient position-
ing and immobilization. It is impor-
tant to use the same immobilization
for both scans to assure the best
possible fusion. Second, to start the
fusion process once the images have
been acquired, the PET image has
to be adjusted to the proper inten-
sity by fine-tuning the window and
level. Third, the imaging process of
fusing PET and CT can be per-
formed manually. There are many
fusion schemes, and available soft-
ware can even provide automatic
fusions, but it is always important

to review nearly all slices in all three
planes (sagittal, coronal, and axial) to ver-
ify the alignment of the scans, particular-
ly near the target volume. Usually, the
brain and spine are recommended
anatomic landmarks that can be used in a
manual fusing process for aligning a PET
scan with a CT image. 

It is important to review other ana-
tomic areas in all planes and slices,
remembering that PET may show physi-
ological uptake areas that should not be
confused with gross disease. CT will help
in this distinction. When necessary, it is
also recommended that an experienced
nuclear medicine physician or radiologist
assist in the identification of disease-bear-
ing tissues. There may be small discrep-
ancies between CT and PET that may be
the result of volume averaging due to
physiologic motion on the PET image
(Figure 1). 

RADIOLOGICAL EVALUATION AND
DISCUSSION
PET has been shown to improve staging
of non-small cell lung cancer (NSCLC)
for the detection of nodal and distant
metastases. Compared with either CT or
PET alone, PET/CT can achieve higher
diagnostic accuracy, and it has therefore
been adopted for the purposes of RT
planning. Use of PET/CT for planning
faces several technical and clinical issues,
however, including PET resolution, tu-
mor edge definition, misregistration due
to motion, and PET/CT changes in tar-

get volume delineation. 
The visual interpretation of PET/CT

scans requires a standardized window set-
ting for the image display. It can be as-
sisted by an experienced nuclear medicine
physician or radiologist when necessary.

Investigators have reported various
methods for incorporating PET informa-
tion in the delineation of the gross tumor
volume (GTV): visual interpretation of
the identified lesion on the PET image,
the absolute standardized uptake value
(SUV), or the use of a threshold value
(percentage of the maximum SUV). An
SUV value of 2.5 has been suggested for
contouring GTVs on PET images for
lung cancer, but this may be an unreliable
value.1 To date, there is no validated stan-
dardized method for setting this thresh-
old. Several attempts to define the tumor
edge using an arbitrary percentage of the
maximum SUV (SUV max such as 40%,
42% or 50%) have been published.2-5

None of these suggested values has been
shown to be reliable in the clinical set-
ting, however. The differences can be
mostly associated with tumor inhomo-
geneity and size. The lack of a single ideal
threshold is due to nonuniformity in
FDG uptake observed in necrotic and
hypoxic tissues present, especially in larg-
er tumors. 

Several studies have been published
on the impact of FDG-PET for target
delineation in NSCLC. Apparently, 30%
to 60% of CT-based plans require modi-
fications based on the additional findings
of PET. The complementary relationship
between CT and FDG-PET is best ex-
ploited when these studies are acquired
in the treatment position at simulation. A
literature review indicates that very few
studies have used integrated PET/CT
devices for RT planning. Some authors
found that introducing PET/CT into
RT planning resulted in significant
changes (25%) to GTVs. This finding
demonstrates that the qualitative target
locations were significantly different and
that the target plans based on CT only
usually underdosed volumes that would
have been targeted if a PET scan fusion

FIGURE 1. Effect of motion on PET/CT imaging. Although PET
may cause an increase in GTV, this information may provide a
valuable estimation of organ internal motion. A: End of inspira-
tion. B: End of expiration.
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had been performed and used.6-8

With regard to the definition of the
GTV, the constriction of the GTV or
clinical target volume (CTV) based
exclusively on PET has yet to be proven.
Nonetheless, in carefully selected cases, it
may be safe to exclude non-FDG-avid
areas from the GTV or CTV to reduce
the target volume. More important, the
treatment of lung cancer is often compli-
cated by an associated infiltrate and/or
atelectasis (Figure 2). In this setting, it is
often quite difficult to distinguish these
processes from the tumor itself. The
combined PET/CT information facili-
tates differentiating it from tumor and
can lead to significant decreases in 
GTV.2-4,8,9

The ability to spare areas of normal
and reactive lung tissue in all patients,
especially those with compromised pul-
monary function, is very valuable and
encouraging. In modern treatment plan-
ning, in which routine elective nodal irra-
diation is usually omitted, it is vital to
identify the involved nodal areas that
need to be treated. In this setting,
PET/CT has played an important role
due to its accuracy in detecting involved
nodes.10 The superior diagnostic accuracy
of FDG-PET in mediastinal lymph nodes
has enabled researchers to selectively irra-
diate mediastinal nodes with a very low
rate of recurrence. They have also been
able to escalate therapeutic doses before
reaching dose limiting toxicities.11,12

Accurate GTV delineation is a funda-
mental step in dose escalation studies
with conformal therapy. 

Unfortunately, uniformity in the
methods for tumor delineation continues
to be lacking in the literature, which
makes it difficult to establish guidelines
for contouring the GTV using PET
information. Without more definitive
data, the radiation oncologist should in-
clude the metabolic information from
PET based on visual criteria with a defi-
nite protocol assisted by an experienced
nuclear medicine physician or radiologist.

The use of PET/CT for esophageal
cancers in the setting of RT planning

remains limited, though fusing an FDG-
PET image to a CT simulation potential-
ly appears to have a significant impact on
RT planning and management of eso-
phageal carcinoma. Some authors have
demonstrated that PET surpassed CT for
locoregional lymph node staging,
though its sensitivity rates remain quite
modest.13,14 The incorporation of FDG-
PET/CT into RT planning has led to the
definition of smaller GTVs in at least one
study.15 The greatest impact of PET/CT
is in the identification of locoregional and
distant metastatic disease, offering incre-
mental benefit of approximately 20%
over CT alone.16,17

Adding PET information to CT-based
planning also provides the ability to
define the cranial and caudal limits of the
primary tumor more accurately, thereby
improving GTV definition. PET may
reveal metastatic lymph nodes and lead
to increases in the target volume that can
significantly influence RT management
and optimize treatment goals.18,19 Its low
sensitivity and high specificity limit
PET/CT in RT planning to a mainly
additive function in target volume delin-
eation. More evidence of prospective
data is warranted to ascertain the benefit
of PET/CT in RT planning.

Radiation therapy to tumors located
in the head and neck area requires care-
ful attention due to the great variety of
critical and sensitive structures that can
surround the tumor. The radiation dose

given to this area must be carefully
planned to take into consideration all
adjacent tissue tolerance doses. Highly
conformal radiation techniques can be
applied, delivering high dose to the tar-
get tumor while sparing nearby normal
tissues. Precise target definition for this
treatment is imperative.

In the diagnosis and staging of head
and neck cancers, PET/CT has demon-
strated an incremental value over either
modality alone. PET/CT outperformed
CT and PET in sensitivity, specificity, and
accuracy.20-22

Since over 70% of head and neck can-
cers present as locally advanced disease, it
is critical to establish the extent of locore-
gional and distant disease to assist in the
proper selection of therapy and avoid-
ance of unnecessary interventions.

For RT planning, PET/CT has been
demonstrated to be exquisitely sensitive
and specific in identifying the primary
tumor, particularly in infiltrative tumors
with poorly defined extension. Many
authors have found that GTVs are
reduced based on PET/CT (Figure 3).23

PET/CT can also detect a great number
of previously unobserved tumor-bearing
nodes and reveal occult metastatic dis-
ease.24 Controversy remains, however,
regarding PET-based contouring meth-
ods. The application of different guide-
lines for tumor volume delineation and
the normalization of PET images may
result in a number of variations on the

FIGURE 2. PET information improving GTV delineation. Metabolic information from PET can aid in exclusion of
atelectasis.
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final target volumes. The appropriate
threshold level depends on lesion size
and image reconstruction parameters
that have to be carefully considered when
using PET volume information for RT
planning. 

There are several suggested methods
for PET volume delineation, but many
remain under investigation.8,25,26 The
information provided by PET has
demonstrated improvement in conven-
tional target definition in RT planning
for head and neck cancers. Although its
value is still being investigated,
PET/CT has been shown to be
superior to current imaging meth-
ods in tumor diagnosis. These
new biological target volumes can
also play a role in target delin-
eation and the definition of boost
volumes. Use of PET/CT in RT
planning can be valuable for guid-
ance in the assessment of response
as well.27

Various tracers have been eval-
uated in head and neck scans to
detect the areas of hypoxia of
these tumors and create another
opportunity for target therapies. The
challenges remain great since no accept-
able gold standard exists for measuring
the tumor hypoxia often seen in head and
neck squamous cell cancers. Further
research on tracers is warranted.

The management of lymphomas with
radiation has undergone a dramatic evo-
lution in the last decade, moving from
first-line comprehensive therapy in some
cases to adjuvant therapy after
chemotherapy in most stages. Precise
anatomic delineation of lymphoma
involvement has become increasingly
important as use of involved node RT has
become the standard approach. In this
setting, PET has demonstrated higher
accuracy than CT, providing better defi-
nition of the involved field.28

The incorporation of PET or
PET/CT information into target volume
delineation has been evaluated by several
authors. FDG-PET and PET/CT have
been found to upstage Hodgkin’s lym-

phoma patients, often translating into
larger RT volumes.28 The improved stag-
ing provided by FDG-PET/CT is now
being advocated to augment IMRT plan-
ning for Hodgkin’s lymphoma.29

For patients with cervical cancer, poor
prognosis is associated with metastasis to
the peri-aortic lymph nodes.30 Extended-
field radiation therapy (EFRT) offers a
survival advantage for patients with pelvic
and para-aortic metastases,31 but the tox-
icities associated with EFRT have limited
its use in most centers.30 To minimize

these toxicities, IMRT techniques have
been introduced with the potential to
boost grossly involved para-aortic
nodes.32,33 PET and PET/CT have been
demonstrated to be superior to CT alone
and MRI alone in the staging of cervical
cancer.34

PET-guided IMRT planning could be
used to escalate dose to PET-avid grossly
involved para-aortic nodes while main-
taining proper dose to the pelvis and lim-
iting dose to adjacent normal tissues.35

Overall, PET/CT offers valuable addi-
tional information for diagnosis in cervi-
cal cancer, leading to better lesion local-
ization to improve radiation fields.

Colorectal cancer can present locally
and be surgically curable in most cases.
Advanced rectal tumors have often been
treated by preoperative chemoradiation
therapy, with reduced recurrence rates
and toxicity. Recent studies have demon-
strated that PET/CT has been useful in
improving primary tumor staging and in

the detection of metastatic lesions.36 This
advantage can influence surgical decision
making in selection of better candidates
and guidance to treatments that are more
suitable, such as chemoradiation or even
palliation.37

The addition of PET information has
demonstrated changes in the GTV in
comparison with CT-based volumes,
improving target volume definition. This
may offer great potential to high-preci-
sion radiation treatment modalities.38 A
greater uniformity between observers’

definitions of the GTVs based on
combined PET/CT compared
with CT alone has been seen, par-
ticularly for nodal disease, and this
should result in more accurate tar-
get volume delineation. Such an
advantage may ultimately lead to
improved local tumor control and
decreased toxicity.39

Although the picture for
PET/CT is not yet fully defined in
this setting, data on the improve-
ment obtained from adding PET
information to rectal cancer man-
agement appear to be promising.

CONCLUSIONS
PET/CT surpasses PET alone and CT
alone in accuracy, playing an invaluable
role in the diagnosis and staging of can-
cer patients. Its advantages are of great
value in modern RT planning techniques
that require a high degree of accurate tar-
get delineation to deliver highly confor-
mal radiation. 

Although the use of PET/CT in radi-
ation oncology treatment planning is a
relatively new phenomenon, we are now
beginning to see the impact on planning,
assessment of treatment response, and
outcome. With the integration of
PET/CT into the RT planning process,
25% to 30% of patients will have alter-
ations in their plans as a result of new
findings from the hybrid imaging. 

The emerging concept of a biologic
target volume may become the key for
target delineation and therapeutic radia-
tion delivery in this modern radiation

FIGURE 3. PET/CT-based GTV contours. PET information shows smaller GTV
when compared with CT-based volume for laryngeal cancer.
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treatment era. It is clear, however, that
greater experience and a larger volume of
clinical data are needed from the research
field to increase this modality’s effective-
ness in determining the true extent and

boundaries of tumor malignancies.
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STEPS TO FOLLOW FOR
ADEQUATE PET FUSION

• Note positioning and immobilization
• Carefully choose window and level
• Do not use target volume for fusing
• Evaluate motion effects
• Align brain or spine on coronal view
• Align brain or spine on sagittal view
• Review other anatomy on both views
• Repeat until good alignment
• Align brain or spine on axial view
• Review anatomy on axial view
• Review all planes and nearly all slices
• Focus near target area
• Diligently evaluate and fine-tune
• Have two people review fusion
• Use PET as additional information 
for contour based on CT

• Use PET to confirm/identify targets
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