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Abstract
The use of positron emission tomography (PET) is increasing rapidly in the United States, with the most common use of PET scanning related to oncology. It is especially useful in the staging
and management of lymphoma, lung cancer, and colorectal
cancer, according to a panel of expert radiologists, surgeons, radiation oncologists, nuclear medicine physicians, medical oncologists, and general internists convened in November 2006 by
the National Comprehensive Cancer Network. The Task Force
was charged with reviewing existing data and developing clinical recommendations for the use of PET scans in the evaluation
and management of breast cancer, colon cancer, non-small cell
lung cancer, and lymphoma. This report summarizes the proceedings of this meeting, including discussions of the background of PET, possible future developments, and the role of PET
in oncology. (JNCCN 2007;5(Suppl 1):S1–S22)

The use of positron emission tomography (PET
scanning) is increasing rapidly in the United States.
The most common use of PET scanning is related to
oncology, especially in staging and managing lymphoma,
lung cancer, and colorectal cancer (Figure 1).
In November 2006, the National Comprehensive
Cancer Network (NCCN) gathered a panel of expert
radiologists, surgeons, radiation oncologists, nuclear
medicine physicians, medical oncologists, and general internists to review the existing data and develop
clinical recommendations for using PET scans in eval-

uating and managing breast cancer, colon cancer, nonsmall cell lung cancer (NSCLC), and lymphoma.
Because of time constraints, the PET Task force limited its review to these four most common oncologic
indications. However, PET scan has a role in most
other types of cancers, which are reviewed on an annual basis by the NCCN Guideline Panels for individual malignancies. (For further information, please
go on-line to the NCCN Clinical Practice Guidelines
in Oncology at www.nccn.org.) This supplement summarizes the proceedings of this meeting. The term
PET scan refers to either a PET scan or PET/computed
tomography (CT) scan, unless otherwise specified. In
addition, the PET radiotracer used is 18F-fluorodeoxyglucose (18F-FDG), unless otherwise specified.

What is PET and How Does It Work?
Imaging can be broadly subdivided into anatomic and
molecular, with molecular imaging defined as the “in
vivo characterization and measurement of biologic
processes at the cellular and molecular level.” PET is
considered the prototypical molecular imaging
technique, with PET/CT providing combined anatomic
and molecular imaging.
PET imaging is based on a unique chemical
process involving the collision between an electron
and a positron arising from a positron-emitting radioisotope, leading to a process known as annihilation that produces two 511-KeV photons emitted
at 180°. These photons can be simultaneously detected with a PET scanner, which consists of multiple stationary detectors that encircle the body.
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Figure 1 Growth of clinical PET.

scans must be familiar with the normal pattern of
distribution and the benign causes of FDG accumulation to accurately interpret the data.
Patient preparation is critical, with the major
goals of minimizing tracer uptake in normal issues
(e.g., myocardium and skeletal muscle) while maintaining uptake in target tissues (neoplastic disease).
The preparation should include, but not be limited
to:
1. Pregnancy testing when appropriate.

Fluorine-18 (18F) incorporated into fluorodeoxyglucose (FDG) is the most common tracer used clinically, with a half-life of approximately 110 minutes.
Substitution of fluorine for a hydroxyl group blocks
metabolism of the tracer. The level of FDG uptake
reflects the rate of trapping of phosphorylated FDG
(FDG-6P) and thus the rate of glycolysis (Figure 2).
PET scans can be performed with multiple tracers
(Table 1) to provide information on blood flow, receptor expression, and metabolism.
FDG uptake is increased in most malignant tissue
and in various benign pathologies, such as inflammatory conditions, trauma, infection, and granulomatous diseases. For example, sarcoidosis causes
false-positive PET scans. Benign neoplasms and hyperplastic and dysplastic tissue may also accumulate
FDG. Because of the variability of FDG in normal tissue and benign conditions, physicians interpreting the

Figure 2 FDG uptake in a cancer cell.
Source: Data from Macheda ML, Rogers S, Best JD. Molecular and
cellular regulation of glucose transporter (GLUT) proteins in cancer.
J Cell Physiol 2005;202:654–662; and Bos R, van Diest PJ, de Jong JS,
et al. Hypoxia-inducible factor-1alpha is associated with angiogenesis,
and expression of bFGF, PDGF-BB, and EGFR in invasive breast
cancer. Histopathology 2005;46:31–36.

2. Fasting instruction and no oral or intravenous fluids containing sugar or dextrose (4–6 hours) to
maintain normal glycemia and insulinemia.
3. Hydration to reduce accumulated urinary tracer
activity in the collecting system and bladder.
4. A focused history regarding diabetes, recent exercise, dates of diagnosis and treatments, medications, and recent trauma or infections.
The oncologic applications of PET scanning are
based on increased FDG uptake by tumor tissue.
Glucose metabolism is the culmination of many different molecular pathways, and interrupting any of
these components can result in glycolysis interruption
and a change in the PET scan. Although genetic arrays can be considered multiple biomarkers of the myriad underlying metabolic pathways and may identify
targets for intervention, PET scans can be considered
a type of downstream imaging from biomarkers, reflecting the final common pathway of glucose metabolism, and they can provide real-time monitoring of
treatment response.
Cyclotrons that produce 18F and PET scanners have
evolved over the past several decades, and current
equipment is smaller and easier to use. Mini cyclotrons
now available are highly computerized and can be
operated by radiopharmacists or technicians. Minicyclotrons can make short-lived isotopes, such as
18
fluorine, 11carbon, 15oxygen, or 13nitrogen. These radionuclides can be incorporated into metabolically important substrates through automated synthesis devices.
In the United States, an estimated 55% of PET scanners are PET/CT scanners, and approximately 100% of
scanners purchased in the past year have been PET/CT.
The original impetus for combining PET/CT scans was
to improve attenuation correction and throughput associated with the CT scan. However, PET/CT scans provide more specific anatomic correlation than PET alone,
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Table 1 Clinically Used Positron-Emitting Isotopes and Positron-Containing Tracers
Positron Isotopes

Half-life

Postitron Tracers

Use

F-18

109.7 min

NaF

Bone imaging

FDG

Metabolism

N-13

9.96 min

Ammonia

Perfusion

O-15

2.07 min

H2 O

Perfusion

C15O

Blood volume

15

O2

Metabolism

C15O2

Blood flow

15

C-11

20.4 min

All carbons

Numerous

Rb82

1.30 min

In saline

Perfusion

and this technology has been widely adopted. A rapid
conversion to PET/CT has clearly occurred, and this
technique is emerging as the new standard.
Most literature has focused on PET rather than
PET/CT scans, and the incremental value of the combined scan is only now being rigorously tested.1–5
Nevertheless, most clinicians feel comfortable extrapolating data from PET scans to PET/CT scans.
Studies have shown that, in some specific clinical situations, the combined image can further clarify the
anatomic location of the PET tracer, improve specificity, and thus reduce false-positive results.
The CT portion of a PET/CT scan is used for
attenuation correction and anatomic localization.
A diagnostic quality CT scan similar to that obtained for diagnostic CT-only scans is not necessary
to accomplish these tasks, and the CT component
of a PET/CT scan is often a low-dose CT scan to
minimize patient radiation exposure. Additionally,
contrast is not used because it complicates the use
of the CT scan for attenuation correction of the PET
scan if appropriate algorithms are not used to correct for the high density of some contrast material.
Sometimes patients have already undergone a diagnostic CT scan before being referred for a PET/CT.
For example, patients who are potential candidates
for liver resection will typically undergo an initial diagnostic CT to evaluate the vascular anatomy of the
liver, and then be referred for PET/CT to evaluate
for extrahepatic metastases. Another common situation is a patient with a history of malignancy who
is being followed up with serial CT scans and is undergoing a PET scan to follow-up the CT scan findings. In these situations, the low-dose CT
incorporated into the PET/CT is adequate.

This implies that if a diagnostic CT scan is indicated, patients must undergo a separate scan. In most
current PET/CT scanners, the CT component is comparable to stand-alone CT devices and capable of providing a high-quality diagnostic CT. Therefore, in
some institutions, when patients require a diagnostic
CT at the same time as PET/CT, it can be performed
immediately after the PET/CT with the same CT scanner using normal CT scan technique and contrast.
Standardized Uptake Value

Aberrant glucose metabolism FDG uptake in
malignant tissues and therefore alterations in glucose
metabolism may reflect response to treatment. In this
sense, FDG can be construed as a biomarker.6,7 Various
different techniques for assessing the uptake of the
tracer attempt to control for background uptake in
the blood pool and surrounding tissues, including very
sophisticated kinetic studies providing a quantitative
analysis. However, a semiquantitative technique, the
standardized uptake value (SUV), is most commonly
used because of its relative simplicity. The SUV is
calculated using the following formula:
Activity per unit volume
Injected Activity/Body Weight
The use of SUV is an area of active research,
with the number of citations rapidly increasing for
many different tumor types; currently more than 1000
citations are available for SUV values and tumor
response.
The SUV is most useful if it reflects the uptake
localized to the tumor and not the surrounding tissues. Maximum SUV is a better parameter than the
average SUV because of the heterogeneity of the
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tumor. From a purely visual perspective, the SUV
reflects everything in the field of view, regardless of
whether the FDG is incorporated into the tumor cell.
Therefore, the clinical usefulness is probably greatest when the SUV is very high, where the uptake is
clearly related to phosphorylated FDG (FDG-6P)
uptake in the tumor rather than background uptake.
Because of this background, changes in SUV may
not be adequate to assess response in tumors with
low pretherapy uptake or high normal uptake. For
example, the brain has a high SUV because it is an
obligate user of glucose and the kidneys have a high
SUV because they routinely clear FDG.
SUV values have been investigated in various
malignancies to assess diagnosis, prognosis, and therapy monitoring. For example, a high SUV score may
be associated with a poor prognosis, warranting more
aggressive treatment. RTOG-0235 is a clinical trial
enrolling 250 patients with NSCLC to determine
whether SUV measured shortly after definitive
chemoradiotherapy can predict long-term survival
or local disease control. However, how specific SUV

numbers can be used in managing individual patients is still unclear.
Training and credentialing are extremely important aspects of PET imaging. These issues are summarized in Table 2.

Future of PET
Although FDG has been the standard tracer for
oncologic applications of PET, many additional tracers
are being developed. One of the areas of active research
is the development of radiolabeled thymidine analogues
that specifically evaluate proliferation. 3′-deoxy-3′18
F-fluorothymidine (18F-FLT) is the most common
example8 and is anticipated to become broadly
commercially available over the next 3 to 5 years.
Imaging of HER2 is another area of active interest,
creating the potential for virtual immunohistology,
which could be used for early assessment of tumor response to costly therapies such as trastuzumab.9
Additionally, the increasing understanding of the signaling pathways and their disruption has spurred the
development of a broadening array of targeted drugs.

Table 2 Summary of PET-CT on-the-job training. The ACR considers this training a minimum
for supervising and interpreting anatomic localization in the setting of PET-CT, but it does
not meet the training prescribed in its current ACR Practice Guideline for Performing
and Interpreting Diagnostic Computed Tomography (CT). The SNM considers this training
sufficient for supervising and interpreting the CT scan performed with PET regardless
of the protocol used.

Training

ABMS Board
Certification

PET-CT
Interpretations
(supervised)

†CT
Interpretations
(supervised)

PET-CT
CME

CT CME

Nuclear Medicine

ABNM

150

500

8 hours

100 hours

*Diagnostic Radiologist
(recent CT)

ABR

150

35 hours

*Nuclear Radiologist
(recent CT)

ABR

150

8 hours

*Radiologist (recent CT)

ABR & ABNM

150

Diagnostic Radiologist
(no recent CT)

ABR

150

500

35 hours

100 hours

‡Other Physicians

Neither ABR nor ABNM

150

Per ACR
guidelines
for CT

35 hours

Per ACR
guidelines
for CT

8 hours

*Radiologist/nuclear radiologist with recent experience in body CT (100 body CT cases/yr for the past 5 years).
†CT cases should include a reasonable distribution of head and neck, chest, abdomen and pelvis.
‡Who comply with ACR Guidelines for Interpretation of CT and nuclear medicine studies.
Source: Reprinted by permission of the Society of Nuclear Medicine from Coleman RE, Delbeke E, Guiberteau MJ, et al. Concurrent
PET/CT with an integrated imaging system: intersociety dialogue from the Joint Working Group of the American College of
Radiology, the Society of Nuclear Medicine, and the Society of Computed Body Tomography and Magnetic Resonance. J Nucl Med
2005;46:1225–1239.
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Examples include tyrosine kinase inhibitors to bcr-abl
(imatinib) and Kit (gefitinib). Radiotracers to identify these targets are also in development and early
animal studies have shown high concentrations within
tumors.10
Radiolabeled antibodies, where the antibodies bind
to the surface of the tumor cell, offer another approach
to PET imaging. Molecular imaging with radiolabeled
antibodies potentially could be used to predict response
to therapy or even eliminate the need for a biopsy in
certain situations, if the technique proves to be sufficiently sensitive and specific. Quantitative PET (i.e.,
SUV) can also provide information on the distribution of tracer and provide superior contrast compared
with other radioimaging techniques.
Interpretation of molecular imaging is still somewhat uncertain. For example, a positive PET scan that
becomes negative after targeted therapy suggests either
effective treatment or tumor cells that have lost the
target or quiescent tumor cells that are now in the G0
cell-cycle phase. Studies to validate these biomarkers
are problematic. Although other laboratory biomarkers can be potentially studied in large clinical trials,
the cost of PET scans makes this approach prohibitive.
Hopefully, PET biomarkers will be included as exploratory end points in drug trials of targeted therapies.

Role of PET or PET/CT in Oncology:
Research Issues
Investigating the clinical role of a diagnostic test such
as PET imaging requires several steps. Initially, the
diagnostic performance of the test must be assessed,
with initial studies focusing on whether the test is
reproducible and safe. The next level of assessment
involves the clinical assessment of the patient; this
determines whether PET can accurately distinguish
individuals with disease from those without disease or
accurately determine the extent of disease. For this
analysis, performing blinded assessment of the PET
studies without any prior knowledge of the results of
other studies is essential. Finally, assessing how the
results of the PET scan impact patient management
and improve health outcomes is important. Health
outcomes include not only survival but also quality of
life, toxicity, and symptom relief. These types of studies
are underrepresented in the PET literature.
Hillner et al.11 studied a prospective cohort of 248
patients undergoing PET scans at one university cen-

ter to determine the impact of PET scans on patient
management. Before and after PET, a questionnaire
was administered to solicit information regarding each
physician’s preceding actions, intended management,
and probability estimates. Physicians changed their intended management in 60% of patients. If the pre-PET
intended plan involved more testing or biopsies, the results of the PET scan resulted in a change in management in 79% of patients. Finally, in 32% of cases,
physicians changed to a treatment from a nontreatment strategy. The authors concluded that physicians
often changed their treatment management based on
results of the PET scan. However, the possibility also
exists that physicians are overconfident in the diagnostic performance of PET and may use the results of
a PET scan as the final arbiter of treatment after other
imaging options have been exhausted. For example,
PET scans could be associated with cost savings if the
PET scan is performed earlier in the imaging hierarchy
so that other imaging techniques are avoided.
Therefore, the optimal uses of PET scans in relation to other imaging strategies must be further defined. Efficacy and cost savings are possible if PET is
used more selectively before surgical procedures or if
it can replace other imaging procedures. PET may also
result in a reduction in toxicity if the results can more
specifically determine the extent of disease and thus
the extent of radiation therapy.
PET scans can be cost-saving when the results are
used to deselect patients for surgery. In one study, 188
patients with suspected NSCLC planning to undergo
thoracotomy were randomized to undergo workup with
or without PET scans.12 The primary outcome measure was futile thoracotomy defined as the presence of
benign disease, explorative thoracotomy, pathologic
stage IIIA–N2/IIIB, or postoperative relapse or death
within 12 months of randomization. Among patients
who did not undergo PET scan, 41% underwent a futile thoracotomy, compared with only 21% who did undergo a PET scan. The authors concluded that adding
PET to conventional workup prevented unnecessary
surgery in 1 of 5 patients with suspected NSCLC.
In another study of 51 patients with potentially
resectable liver metastases, clinical management
decisions were recorded after conventional workup
and then after a subsequent PET scan.13 Discordance
between the results of the conventional workup and
the PET scan were then compared with the final histologic diagnosis. PET changed clinical management
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decisions in 20% (n = 10) of patients, including 8 patients who were potentially deselected for exploratory
surgery.
Aside from the surgical setting, no completed randomized studies have examined the role of PET in the
overall hierarchy of imaging strategies. Prospective
trials can be used to determine the accuracy of a biomarker used for staging, prediction, or response to
therapy. However, validating the role of a biomarker
such as a PET scan in patient care is problematic.
Ideally, this would involve a trial randomizing patients
to either undergo a PET scan or not. Such a randomized trial has not yet been conducted; physician
resistance to this design may exist based on preconceptions about the value of a PET scan and potential
ethical issues.
Trials in which all participants undergo PET scanning with randomization to treatment based on the results of a biomarker are more common. Several ongoing
randomized studies have incorporated PET scans as
an intermediate outcome. Another possible research
design involves performing the PET scan but blinding
the results to subsequent treatment, which remains
the primary outcome. The secondary outcome of the
trial is to then compare the results of the PET scan with
the treatment outcome. This design has been incorporated into several cooperative group studies.

PET and Breast Cancer
Diagnosis

Although PET has high sensitivity and specificity for
breast lesions greater than 1 cm, it has poor sensitivity
for small nonpalpable lesions or ductal carcinoma in
situ (DCIS). This limited sensitivity may be related to
background uptake in breast tissue and, specifically, to
the underlying tumor biology. For example, DCIS is
often less vascular and less glycolytic than invasive
breast cancer, and therefore usually has low FDG
uptake levels even when large. Lobular carcinoma in
situ (LCIS) and low-grade lobular carcinoma also have
low uptake. Interest has been shown in improving the
underlying technology using dedicated breast PET
scanners for primary detection of breast cancer, but
these devices are still in the early stages of testing.
Staging

Regional Nodal PET scans have been extensively
studied as a technique to assess the axillary lymph
nodes in patients with breast cancer, and early stud-

ies showed sensitivities from 85% to 100% and specificities from 75% to 96%. However, these early studies included high numbers of patients with advanced
disease with a high pre-test likelihood of axillary node
involvement, thus improving the diagnostic performance of PET. A more recent large multicenter
clinical trial suggests a lower sensitivity and specificity. Wahl et al.14 evaluated 360 patients with newly
diagnosed breast cancer who underwent PET for axillary staging. PET scans were evaluated by 3 readers
and the results compared with axillary node pathology.The mean sensitivity, specificity, and positive and
negative predictive values were 61%, 80%, 62%, and
70%, respectively. The false-negative axillae had fewer
and smaller lymph nodes (mean number of involved
nodes, 2.7) compared with the true-positive axillae
(mean number of involved nodes, 5.1). An SUV of 1.8
had a positive predictive value of 90% but a sensitivity of only 32%. The authors concluded that FDGPET is not recommended for routine axillary staging
of newly diagnosed breast cancer.
PET has also been compared with sentinel lymph
node biopsy (SLNB). These studies, which have included 15 to 80 patients, have reported very low sensitivity (20%–44%), but high specificity (94%–100%)
compared with SNLB.15–18 Recently, Veronesi et al.19
published a larger case series of 236 patients with breast
cancer and clinically negative axillae who underwent
both PET and SNLB. This larger study reported similar statistics: the sensitivity of FDG PET was 37%,
whereas the specificity and positive predictive value
were high at 96% and 88%, respectively. These results
suggest that FDG-PET should not be used for axillary
staging of early-stage breast cancer.
Some studies suggest that a preoperative PET scan
can be used as a triage technique for subsequent axillary dissection in patients at high risk for axillary involvement. Patients with a positive PET scan for
axillary node involvement could progress directly to
an axillary dissection and forego SLNB. Gil-Rendo et
al.20 investigated this approach, performing SNLB only
in patients with a negative FDG-PET scan. The use
of PET to select the method of axillary lymph node
evaluation with SLNB or formal axillary lymph node
dissection must also be considered in the context of
clinical axillary examination results and the potential results of fine needle aspiration or core needle
biopsy of suspicious axillary nodes.21
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PET scans of the axilla have also been used in patients with symptomatic or advanced axillary disease
for various reasons, such as determining the extent
of disease or distinguishing radioplexopathy from locoregional recurrence. In a 1999 study of 10 patients
with lymphedema or neurovascular symptoms suggestive of locoregional axillary breast cancer recurrence, Hathaway et al.22 reported that FDG-PET was
useful in further evaluating indeterminate MRI findings. In a study of 19 patients with symptoms and
brachioplexopathy, Ahmad et al.23 reported that PET
was helpful in evaluating the brachial plexus if other
imaging studies are normal. Of the 19 patients, 14 had
abnormal uptake of FDG, whereas CT scans were
normal in 6 of these. In these difficult clinical situations, results of a PET scan can be used to help direct a biopsy.
PET scans were investigated as a prognostic technique in a case series of 81 patients who underwent
preoperative a PET scan of the primary and axillary
regions of the breast, with both standard imaging and
SUV values assessed.24 The prognosis of the 40 patients
with the highest SUV was significantly poorer than
the 41 with the lowest SUV. Additionally, the combination of positive lymph nodes, as detected with PET,
and a high primary SUV was shown to be a highly significant risk factor independent of the traditional TNM
risk factors; the 5-year disease-free survival rate of these
patients was 44% compared with 96.8% among the
other patients. Mankoff et al.25 also evaluated patients
with locally advanced breast cancer to determine
whether the results of PET predicted response to neoadjuvant chemotherapy. In this study of 37 patients, 21
of 24 patients with positive nodes at the end of neoadjuvant chemotherapy showed a positive FDG-PET scan
before therapy, suggesting that high glucose metabolism
predicts a poor response to neoadjuvant chemotherapy.
Additionally, in patients with advanced nodal disease,
a PET scan before neoadjuvant chemotherapy can
show the extent of macroscopic disease, which can be
very helpful in planning the extent of subsequent radiation therapy. Therefore, PET may be very helpful in
assessing regional nodal disease in locally advanced
breast cancer, but more data are needed.
PET assessment of the internal mammary (IM)
nodes has been of interest, because the presence of
positive IM nodes predicts outcome and may alter
treatment. Additionally, standard imaging of the IM
nodes has low sensitivity. However, the accuracy of

PET in this setting has not been thoroughly evaluated, partly because, unlike axillary nodes, few patients undergo pathologic verification of suspicious
IM nodes.20,21,26
Distant Metastases Extensive staging studies are
not recommended for stage I or early stage II disease
because of the low yield and psychological distress
associated with false-positive results. 27–29 Wholebody PET scans have been investigated for evaluating suspected distant metastases. Similar to CT
scanning, such an extensive workup is not recommended in patients with early-stage disease. In one
of the first studies of whole-body PET for evaluation
of distant metastases, 57 patients with breast cancer and suspected disease recurrence underwent PET
scans with clinical follow-up for 24 months to evaluate the accuracy of the PET diagnosis through
biopsy, follow-up imaging, or other diagnostic tests.30
The sensitivity and specificity were 93% and 79%,
respectively. Bone metastases had a significantly
larger proportion of false-negative results compared
with nonosseous sites. In a study of 60 patients with
suspected recurrence, Kamel et al.31 reported that
whole-body PET had a sensitivity of 89% and a
specificity of 84%. Other studies have not focused
on whole-body PET but PET focused to the probable site of occurrence. Eubank et al.32 reported that,
compared with CT scan, PET had an increased sensitivity for detecting positive internal mammary
and mediastinal nodes without a loss in specificity.
Unsuspected involvement is most likely in patients
with greater than 3 axillary nodes at diagnosis, increasing tumor size, estrogen-receptor–negative disease, medial location of tumor, or chest wall
invasion. However, the authors of this study caution
that these data do not support routine evaluation of
internal mammary or mediastinal nodes in patients
with recurrent disease.
PET scans for suspected bony metastases must be
interpreted with great caution. For example, several
studies have shown that FDG uptake is low in sclerotic lesions compared with lytic lesions. In contrast,
Tc-99m methylene diphosphonate (MDP) scintigraphy is more sensitive than FDG for sclerotic lesions.33–35
Therefore, the 2 imaging techniques provide complementary information, and a PET scan cannot be
considered a substitute for a bone scan (Figure 3).
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to a reduction in the number of tumor cells. Although data are still
preliminary, changes in
SUV may also predict
disease-free and perhaps
progression-free survival
in patients with locally advanced disease.39
After completion of
therapy, the persistence of
PET positivity is predictive of macroscopic viable
tumor. In a study of 50 patients, Kim et al.40 reported
that response rates were
correlated with the reduction rates of the peak
SUV. A 79% reduction in
SUV was able to distinguish complete and partial
response with a sensitivity
Figure 3 Comparison of bone scan and PET/CT. Note different sites of disease.
and specificity of 85.2%
Monitoring Response to Therapy
and 82.6%, respectively. The authors conclude that if
Most research on PET as a technique to monitor
these findings can be confirmed in larger studies, PET
response to therapy has focused on neoadjuvant
may be a useful tool to assess the pathologic response
chemotherapy for locally advanced breast cancer
at the completion of neoadjuvant therapy.
(LABC), because the pathologic end points of therapy
The clinical usefulness of PET assessment of
offer a gold standard for comparison.
tumor response to neoadjuvant therapy is still
In a study of 22 patients undergoing neoadjuvant
evolving, but PET scan results may be useful to conchemotherapy, Schelling et al.36 reported that differfirm lack of response suggested by anatomic assessences in FDG uptake distinguished nonresponding and
ment. Such strategies are complicated by the routine
responding tumors as early as after the first course of
use of sequential chemotherapy regimens in the
chemotherapy. After the first course of therapy, all reneoadjuvant setting. PET scans might also be useful
sponding tumors were correctly identified (sensitivity
in determining the timing of breast surgery by iden100%, specificity 85%) through a decrease in the SUV
tifying patients who are not benefiting from neoadbelow a 55% reduction of the baseline level. Smith
juvant therapy and who might benefit from more
et al.37 similarly reported that SUV values could be used
immediate surgery.
to provide early predictions of response to neoadjuvant
Minimal data are available on PET as a techtherapy.
nique to assess response to treatment in patients with
Other studies have focused on a mid-course asmetastases. Two studies totaling 24 patients have
sessment of response and generally show that a combeen published on the application of FDG-PET to
plete response is associated with a 50% to 60%
metastatic breast cancer response.41,42 Both studies
38,39
examined PET results at early and late points during
reduction in baseline SUV. However, the early dethe course of therapy, reporting that a 25% drop in
cline in SUV is more striking; possibly by the midSUV during the first cycle of therapy was associated
course of therapy, some of the nonresponding tumors
with tumor response, whereas no significant decreases
will also show a reduction in SUV related to altered
were noted in nonresponding tumors. A particularly
metabolic pathways within the tumor cells as opposed
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vexing clinical need in metastatic breast cancer is
the assessment of bone metastasis response to therapy, which is poorly served with standard imaging
studies such as bone scan. Promising early data in a
study of 24 patients with bone-dominant breast cancer indicate that FDG-PET may be helpful in measuring bone metastasis response.43 This application of
PET to metastatic breast cancer response may have
significant clinical applications, but clearly more research is needed (Figure 4).

therapy for metastatic disease; and for assessment of
treatment response in metastatic disease, particularly
bony disease. PET scans may be recommended as an
adjunct to other imaging techniques (i.e., CT,
magnetic resonance imaging [MRI], bone scan) for
initial evaluation for recurrent or metastatic disease
or as clinically indicated when results of other imaging
tests are equivocal (e.g., the evaluation of brachial
plexopathy or metastatic bone disease).

Summary of Recommendations

Colorectal PET

A PET scan is not indicated for 1) detecting or
screening of primary breast cancer, 2) staging of the
primary tumor, axilla, or metastatic disease in patients
with clinically early-stage disease, or 3) post-treatment
disease surveillance. Promising data exist for several
applications of PET scanning, but more research is
needed. These applications are locoregional staging
for locally-advanced breast cancer; as an early response
indicator for systemic therapy, either neoadjuvant or

Diagnosis and Initial Staging

PET scans are infrequently used in the primary diagnosis
of colorectal cancer, which is based on colonoscopy.
However, colonic primaries can be identified on wholebody PET scans performed for other reasons. For
example, Agress and Cooper44 retrospectively reviewed
1750 PET scans performed to evaluate malignancy.
Unexpected foci of FDG uptake were identified in
3.3% of patients, and of the
abnormalities followed up
with pathologic confirmation, half were malignant
lesions. PET scans can also
identify incidental polyps.45
Therefore, biopsy may be
recommended for incidental findings of FDG uptake
localized to the bowel wall.
Initial staging of known
colorectal cancers is typically performed preoperatively with CT scans
complemented by intraoperative findings. However,
compared with CT scan, the
sensitivity and specificity of
PET for detecting liver
metastases are higher.46–49 In
the largest case series of 104
patients, Llamas-Elvira
et al.46 reported that PET
had a 92% accuracy in detecting metastases compared
with 87% for CT. PET identified 8 additional patients
Figure 4 Demonstration of flare in the healing response. Increased metabolism is caused by therapy not
with liver metastases, and
worsening disease.
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No studies have
specifically evaluated
PET as a routine surveillance technique, but
many have looked at
PET as a technique to assess suspected recurrence.
A meta-analysis by
Huebner et al.51 in 2000
included 11 studies investigating the role PET
to detect cancer recurrence. The pooled 577
patients represent a mix
of those with suspected
or documented recurrence. PET had a sensitivity of 97% and
specificity of 75% in detecting recurrence, resulting in a management
change in 29% of patients. Although the
sensitivity of PET for detecting recurrence is typFigure 5 Demonstration of large presacral local recurrence with central area of necrosis.
ically reported between
90% and 95%, the sensitivity of CT scan is rarely repreoperative PET results modified the scope of surgery
ported to be more than 90%.
in 11.54% of patients.
Several studies have looked at PET specifically as
a technique to evaluate local recurrence. The largest
Detection of Recurrent Colorectal Cancer
study was reported by Schiepers et al.,52 who studied
A major role of PET scans in the management of
75 patients with suspected recurrent local or distant
colorectal disease is the detection of recurrence,
colorectal disease. The accuracy of PET was 95%
complementing monitoring of carcinoembryonic
compared with a 65% accuracy for CT scans. If surantigen (CEA) levels, CT scanning, and colonoscopy.
gical resection of recurrent disease is contemplated,
Although various organizations have developed
these results suggest that a preoperative PET scan can
practice guidelines recommending the frequency of
further define the extent of disease and either help defollow-up tests, PET has not been recommended as a
termine if the patient is a surgical candidate or assist
routine surveillance technique for recurrent colorectal
in defining the extent of surgery (Figure 5). Several
cancer.50 However, the alternative techniques (i.e.,
studies have compared the diagnostic performance of
CEA, CT scans, and colonoscopy) have limitations.
PET with other anatomic imaging techniques, such
For example, only approximately two thirds of patients
as various types of CT scans, MRI, or ultrasound, for
with suspected recurrence have elevated CEA levels.
detecting liver metastases, with PET consistently
Additionally, the CEA level does not provide any
shown to have a higher sensitivity.53,54
information on location of recurrence. A CT scan is
Isolated liver metastases are common in colon cansuboptimal for detecting metastases in the peritoneum,
cer. Because hepatic resection is the only curative thermesentery, and lymph nodes. Additionally, CT scans
apy, accurate noninvasive detection of extrahepatic
may not adequately distinguish between postdisease plays a pivotal role in selecting surgical candidates. Several studies have examined PET scanning as
treatment changes and recurrence.
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a technique to identify surgical candidates. The diagnostic performance of PET and CT scans were assessed
through sites of extrahepatic metastases in a series of 155
patients.55 The sensitivity of PET was greater than CT
for all locations except the lungs, where the two had similar sensitivities. The specificity of PET was greater than
CT at all sites except the abdomen. A diagnostic CT
scan of the liver is essential in surgical candidates to
evaluate the vasculature. A low-dose CT without the
contrast component of a PET/CT scan is not adequate
to evaluate liver vasculature. Evaluating liver vasculature requires a diagnostic CT with intravenous contrast, whether performed as the CT component of a
PET/CT scan or separately.
Another common indication for a PET scan is
in evaluating patients with a rising CEA but otherwise normal workup. Pooling the results of 169
patients represented in 4 studies suggests that when
the conventional workup is negative (including CT
scan), PET identifies tumor in 84% of patients, leading to surgical resection in 26%.55–58 In general, PET
will detect unsuspected metastases in 25% of patients and, depending on the study, will impact management in about 20% to 58%.59 For example, in
one study of 52 patients with suspected recurrence,
the PET scan changed the surgical management in
28%, helped plan surgery in approximately one
third, and helped avoid unnecessary surgery in two
thirds.60 Studies concluding that PET scans are costeffective cite the impact of PET results on rates of
surgery.
The next step in evaluating the impact of PET
on management is to examine survival data.
Currently, only retrospective studies are available.
Strasberg et al.61 presented the survival results of 43
patients whose liver resections for colorectal metastases were guided by the results of PET scan. Surgery
was cancelled based on the results of PET scan in 6
patients. The estimated 3-year overall survival was
77% compared with the 40% survival rates reported
in series using only CT for operative assessment. The
authors concluded that preoperative PET is associated with a decrease in recurrence rate from deselecting patients with extrahepatic disease not found
on conventional imaging. In a subsequent article focusing on 5-year survival, Fernandez et al.62 reported
that patients staged with PET scans had a 58% survival rate compared with 30% for those staged with
CT scans alone.

Response to Therapy

Therapies for colorectal cancer include radiation
therapy, chemotherapy, and regional liver therapy.
Minimal data are available on PET for monitoring
response to radiation therapy. Interpretation is
complicated by the associated inflammatory changes
in the radiation field, but current studies suggest that
if a baseline PET scan is available, changes can be
assessed in as soon as 2 months by focusing on the
original site of increased uptake within the pattern of
diffuse uptake associated with inflammation.
Small studies suggest that PET scans can identify
tumors that are not responsive to 5-fluorouracil–based
chemotherapy after 1 month of therapy.63 Guillem et
al.64 showed that FDG-PET imaging performed before
and 4 and 5 weeks after completion of preoperative
radiation and 5-fluorouracil–based chemotherapy had
the potential to assess pathologic response.
Subsequently, these same authors showed that FDGPET imaging could predict long-term outcome after
a median follow-up of 42 months. The mean percent
decrease in SUV max was 69% for patients free from
recurrence and 37% for patients with recurrence.
PET scans have been used to evaluate the response to regional therapy where distinguishing necrosis from viable tumors is frequently an issue. For
example, small studies have examined various regional therapies, such as chemoembolization, radioactive spheres, and radiofrequency ablation, and
all have suggested that PET can identify residual and
recurrent tumor, and potentially direct further therapy. CT scan is limited in this role because the rim of
regenerating tissue enhances and can create falsepositive results.65–68
Summary of Recommendations

For staging, PET is not routinely indicated unless initial
studies are suggestive but not conclusive for metastatic
disease. PET scans are indicated for evaluating a rising
CEA level or a patient with suspicious symptoms,
unless a CT scan has already identified metastatic
disease. PET scans are not indicated for routine
surveillance for colon cancer recurrence.
PET scans are not routinely indicated for restaging patients after nonsurgical treatment of metastatic
disease unless curative resection is considered. However,
they are indicated for preoperative evaluation in surgical resection of metastases (i.e., lung or liver). A diagnostic CT is also required to evaluate liver vascularity;
a PET/CT scan alone is inadequate. Conversely, PET
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scans are not routinely indicated to monitor response
to chemotherapy or radiation therapy.
Lymphoma

Although lymphoma accounts for only 4% of cancers
diagnosed annually, its diagnosis, staging, and
management requires frequent imaging such that
lymphoma may account for more than approximately
50% of the PET scans performed at a referral
institution. However, imaging of lymphoma is
challenging because its appearances are diverse with
potential involvement of almost all organs.
Additionally, lymphoma can mimic the appearance
of almost all other neoplasms. Finally, the glucose
uptake of a lymphoma within a given patient may be
heterogeneous, presumably representing different
clones of cells with different patterns of glucose
metabolism; however, significant heterogeneity may
suggest important differences in biologic behavior.69
Initial Staging

Routine staging of lymphoma, including both Hodgkin
and non-Hodgkin’s lymphoma, involves a CT scan
with contrast to the neck and pelvis and a PET scan.
Although a gallium scan was typically part of the
pretreatment workup of lymphoma, gallium scans have
been largely replaced by PET scans. Various studies
have reported that a PET scan can contribute to staging
by upstaging disease, but this rarely results in a
treatment change.70,71 Although the actual impact on
treatment might be uncertain, particularly if disease is
upstaged from stage III to stage IV, the consistent
message from these studies is that PET scan more
typically upstages disease rather than downstages. PET
scans may also help identify extranodal disease. For
example, PET may identify bone involvement not
detected with CT scan, typically upstaging disease from
stage III to stage IV.
Although a clinical role of the initial PET scan
is to provide a baseline for subsequent evaluation,
controversy is ongoing about this indication. For some
types of lymphoma, such as Hodgkin disease, the initial
PET scan is almost always positive, and if treatment response is based on a normal PET scan, then an initial
PET scan is not routinely needed. Additionally, unlike other malignancies, a high correlation exists between the CT scan (i.e., anatomic image) and PET
scan (i.e., functional image), and therefore the interpretation of a positive PET scan in the setting of a negative CT scan is uncertain. Thus, if a CT scan after

therapy is negative, residual FDG uptake in a site of initial disease is of uncertain significance. The need for a
baseline PET scan may also vary with histologic subtype and stage of disease. For example, a baseline PET
scan may not be required for advanced stage follicular
lymphoma if the recommended treatment was observation, whereas it would be recommended if treatment
was recommended.
PET scan also has been evaluated as a technique
to assess bone marrow involvement. A meta-analysis
including 587 patients with lymphoma pooled from 13
studies showed that, compared with biopsy, PET had
a moderate sensitivity of 51% and a specificity of 91%.
These results suggest that PET cannot replace bone
marrow biopsies. In general, PET is not commonly
used to assess bone marrow involvement, although its
results will be reported as an incidental finding potentially used to direct biopsy.72
Limited data are available on PET as a routine
method of surveillance. Although no survival advantage has been documented, PET scan may be helpful in
the small subset of patients with unusual sites of disease, such as bone, subcutaneous tissue, or skin, in which
follow-up with other imaging techniques is limited.
PET Scans and Lymphoma Histology

Several studies have shown that the intensity of FDG
uptake is associated with aggressive disease. In one study
of 97 patients with non-Hodgkin’s lymphoma who were
either treatment-naïve or undergoing initial evaluation
for relapsed disease, all cases of indolent lymphoma that
had an SUV less than or equal to 13 and an SUV greater
than 10 excluded indolent lymphoma with a specificity
of 81%. The authors concluded that this information
may be helpful if discordance is seen between biopsy and
clinical behavior.69 Because of the overlap in SUV values
across the histologies, a PET scan cannot replace a
biopsy but may be particularly useful in guiding biopsies.
For example, unless otherwise instructed, a surgeon may
biopsy the most convenient node available, but a PET
scan can specifically target a lymph node with the
highest SUV.
PET scans also have been investigated as a technique to detect malignant transformation of chronic
lymphocytic lymphoma, such as Richter’s transformation. For example, an SUV greater than 5 has been
considered highly suggestive of Richter’s transformation. In a retrospective study of 37 patients with CLL,
10 of 11 (91%) with Richter’s transformation had an
SUV uptake greater than 5.73
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Response Criteria and Prognosis

In 1999, an international workshop developed
standard response criteria for lymphoma based on
clinical radiologic and pathologic (i.e., bone marrow
criteria) findings.74 The radiologic response was
typically evaluated with CT scan. One category of
response was complete response uncertain (CRu), which
reflects the inability of CT to distinguish among viable
tumor, necrosis, or fibrosis in residual masses.
Because studies have reported that PET scan results have prognostic value, interest was shown in
incorporating PET imaging into response criteria.75–78
For example, Juweid et al.79 assessed response using
the international criteria in conjunction with PET
scan results in 54 patients with aggressive nonHodgkin’s lymphoma after 4 to 6 cycles of chemotherapy and compared response with progression-free
survival. PET scans were considered positive or negative based on visual assessment; in the lung, scans
were considered positive if the uptake exceeded that
of the mediastinal blood pool structures. Using the
CT-based international criteria alone, 17 patients
experienced a complete response and 7 a CRu. In
contrast, when PET results were incorporated, 35 patients experienced a complete response and no patients experienced a CRu. Therefore, a negative PET
scan even in the presence of a residual mass is interpreted as a complete response. In this study, results
of the PET scan recategorized patients with a CRu
to either a complete response or partial response, essentially eliminating the CRu category except for
the small subset of patients with indeterminate bone
marrow.
In 2007, the International Working Group for nonHodgkin’s lymphoma published 2 documents establishing the role of PET scans in assessing lymphoma
tumor response. One document developed guidelines
for performing and interpreting PET imaging to assess
treatment response, whereas the second proposed revised response criteria.80,81 Specifically, the revised
response criteria have eliminated the category of CRu,
and the categories of complete response, partial response, and stable disease are based partly on the results of PET scans (Table 3).
Interim Restaging

As an interim restaging technique, a PET scan after
a few cycles of chemotherapy could provide early
detection of treatment failure, prompting a switch

to more aggressive therapy. For example, in patients
whose tumors respond to chemotherapy, an estimated
80% to 90% of the effect of chemotherapy on tumor
FDG uptake occurs within the first 7 days after
initiation of therapy. Various studies have examined
interim PET as a prognostic indicator, concluding
that the results of an interim PET scan are strong
and independent predictors of progression-free
survival in Hodgkin disease and non-Hodgkin’s
lymphoma.82–84
Study results suggest that therapy does not need
to be changed when the PET scan is negative, but a
separate trial is needed to determine whether a positive PET scan should prompt an alternative therapy and whether this alternative therapy can
improve outcomes. A trial design to test these outcomes would include a PET scan as an interim staging technique. Patients with a negative PET scan
would continue on therapy, whereas those with a
positive PET scan may undergo biopsy confirmation
considering the rate of false-positive PET scan results. Patients with a positive biopsy can then be
randomized to either continue initial therapy or be
switched to an alternate therapy. Ideally, treatment
outcomes would be improved in patients switching
to alternative therapy.
Summary of Recommendations

In staging, PET scans serve as a baseline for
lymphomas that are potentially curative (i.e., diffuse
large B-cell lymphoma [DLBCL], Hodgkin disease).
The PET scan serves as a baseline when assessing
treatment response. Scans rule out systemic disease in
clinically localized lymphoma (i.e., early-stage
Hodgkin lymphoma, DLBCL, Hodgkin disease,
follicular lymphoma, and mantle zone lymphoma),
and are used to assess lymphoma when transformation
is suspected.
PET scans can be useful for evaluating residual
masses. At the end of therapy, a positive PET scan
is associated with a poor disease-free survival.
However, because of false-positives, biopsy is
necessary for deciding on aggressive therapeutic
interventions.
For evaluating treatment response, PET scans
have a limited role if the diagnostic CT is normal.
PET scans have been incorporated into treatment
for aggressive non-Hodgkin’s lymphoma and Hodgkin
lymphoma, and PET scans also are used to direct
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Table 3 Response Definitions for Clinical Trials*
Response

Definition

Nodal Masses

Spleen, Liver

Bone Marrow

CR

Disappearance of all
evidence of disease

a) FDG-avid or PET
positive prior to
therapy; mass of any
size permitted if PET
negative

Not palpable, nodules
disappeared

Infiltrate cleared on
repeat biopsy;
if indeterminate
by morphology,
immunohistochemistry should be
negative

 50% decrease in SPD
of nodules (for single
nodule in greatest
transverse diameter);
no increase in size
of liver or spleen

Irrelevant if positive
prior to therapy; cell
type should be
specified

b) Variably FDG-avid
or PET negative;
regression to normal
size on CT
PR

Regression of
measurable disease
and no new sites

 50% decrease in
SPD of up to 6 largest
dominant masses;
no increase in size
of other nodes
a) FDG-avid or PET
positive prior to
therapy; one or more
PET positive at
previously involved site
b) Variably FDG-avid or
PET negative;
regression on CT

SD

Failure to attain
CR/PR or PD

a) FDG-avid or PET
positive prior to
therapy; PET positive at
prior sites of disease
and no new sites on
CT or PET
b) Variably FDG-avid
or PET negative; no
change in size of
previous lesions on CT

Relapsed disease or PD

Any new lesion or
increase by  50% of
previously involved
sites from nadir

Appearance of a new
> 50% increase from
lesion(s) > 1.5 cm in any nadir in the SPD of
axis,  50% increase
any previous lesions
in longest diameter of
a previously identified
node > 1 cm in short axis

New or recurrent
involvement

Lesions PET positive
if FDG-avid lymphoma
or PET positive prior
to therapy
Abbreviations: CR, complete remission; CT, computed tomography; FDG, [18F] fluorodeoxyglucose; PD, progressive disease; PET,
positron emission tomography; PR, partial remission; SD, stable disease; SPD, sum of the product of the diameters.
*Adapted with permission from Cheson BD, Pfistner B, Juweid ME, et al. Revised response criteria for malignant lymphoma.
J Clin Oncol 2007;25:582.

biopsy of most suspicious areas based on SUV. Because
of the high false-positive rate (outside of a clinical
trial), PET scans are not routinely indicated in the
interim evaluation for prognostication and are not
used for routine follow-up of node-based disease.

However, PET may be beneficial in selecting patients
with unusual sites of disease, such as bone, where
PET is superior to CT, and for distinguishing between
indolent and aggressive non-Hodgkin’s lymphoma
based on SUV value (Figure 6).

© Journal of the National Comprehensive Cancer Network | Volume 5 | Supplement 1 | May 2007

Supplement

S-15

PET/CT Scanning in Cancer

NSCLC
Diagnosis/Staging

Figure 6 Pre- (A) and post-therapy (B) PET/CT in a lymphoma patient expected to have a good outcome.

An established indication
for PET scans is to evaluate
solitary pulmonary nodules.
In a patient with several
pulmonary nodules, a PET
scan also can identify the
most metabolically active
lesion and help direct
biopsy.
CT scans are among
the initial imaging studies
typically used to stage
lung cancer and specifically evaluate the mediastinal lymph nodes.
However, when using mediastinoscopy as the gold
standard, CT scans have a
sensitivity of 71.0%, a
specificity of 87.7%, and an
overall accuracy of 82.1%.85
CT scans only evaluate the
size of the lymph nodes,
and lymph nodes may be
enlarged in lung cancer
because of postobstructive pneumonitis, leading
to false-positive results.
However, many studies
have reported that PET has
improved diagnostic accuracy compared with CT,
and now PET is routinely
recommended as part of
the workup of NSCLC. For
example, in a meta-analysis of 13 international studies, 12 reported greater
accuracy of PET in evaluating the mediastinal
nodes.86 The estimate of
overall sensitivity was 83%,
whereas specificity ranged
from 79% to 100%. For
CT, the sensitivity and
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specificity ranged from 50% to 97% and 58% to 94%,
respectively.
Herder et al.87 investigated whether initial PET
might simplify staging in a trial randomizing 465 patients with newly diagnosed lung cancer to undergo
conventional workup or an initial PET scan. The primary outcome was the number of noninvasive tests
to determine clinical TNM staging. The results
suggested that initial PET was not associated with a
reduction in the overall number of diagnostic tests
(n = 7.9), but it maintained quality of TNM staging
with a reduction in the number of mediastinoscopies.
The roles of CT and PET raise issues about which
test should be performed first to provide the most efficient and cost-effective workup. At presentation,
10% to 15% of patients have stage I disease, 20% have
stage II disease, 30% have stage III disease, and 40%
have stage IV. Therefore, a CT scan may identify distant metastases, frequently liver lesions, in 40% of patients. These patients do not require a PET scan.
Current guidelines recommend PET scans for all
tumor stages after CT scan, except for patients with
multiple metastases; in this situation a PET scan is
not needed.88 PET scans are recommended also in patients with solitary metastases who are potential candidates for surgical resection to rule out additional
metastases. Essentially, a PET scan is recommended in
the 60% of patients without multiple distant metastases in whom the results could change either surgical candidacy or extent of surgery.
In many instances, patients present initially with
an upper respiratory infection. A chest radiograph is
then performed and the patient started on antibiotics.
If the symptoms do not resolve, another chest radiograph is performed. If the radiograph is suspicious for
lung cancer, a chest CT scan is performed and the results of the scan ultimately prompt referral to an oncologist. The availability of combined PET/CT scans
may modify this hierarchy if the repeat chest radiograph is highly suspicious for lung cancer. Because
most patients will need a PET scan as part of the initial workup, it may be efficient to follow up the abnormal chest radiograph with a PET/CT scan if the CT
scan is of diagnostic quality. Another issue is whether
the CT component of PET/CT is performed with a
breath hold. For example, because of respiratory motion, small parenchymal lung lesions can be missed
on CT acquired during shallow breathing, but phase
of the breath hold may impact the alignment of the

PET/CT. In a consecutive case series of 142 patients
who underwent PET/CT with shallow breathing and
a separate breath-hold CT scan, Allen-Auerbach et
al.89 showed that the breath-hold CT scan identified
an additional 125 parenchymal nodules. Different
breathing protocols for PET/CT are currently being
investigated for thoracic PET/CT scans.90,91
Restaging

PET has been used as a restaging technique after
chemotherapy or radiation therapy. Cerfolio et al.92
reported on a prospective case series of 93 patients
with N2 disease who underwent initial staging with
mediastinoscopy, PET/CT, and CT scans. Patients
were then restaged with the same imaging techniques
4 to 12 weeks after induction chemoradiation and
results were compared with pathologic staging. The
repeat PET/CT missed residual N2 disease in 20% of
patients, and false-positive results were seen in 25%.
However, results of PET/CT were more accurate than
CT scan. In addition, a reduction in the SUV value
of 75% or more suggested a complete response, whereas
a reduction of 55% or more suggested a partial
response. The authors concluded that, although
PET/CT is superior to CT, a biopsy to confirm the
PET/CT may be required, depending on the clinical
situation and treatment goals. As an example, a
PET/CT might show a shrinking tumor but an SUV
reduced by 55% or less. The clinical choices are then
to assume that residual disease is present and
recommend additional therapy or obtain biopsy results
to direct treatment. Some physicians argue that a
biopsy might not be recommended in medically
inoperable patients, whereas others counter that the
morbidity of biopsy might outweigh the morbidity of
additional treatment. The biopsy technique (e.g., fine
needle aspiration, mediastinoscopy) is another variable
that should be considered, because some may be more
difficult to perform in patients who underwent prior
radiotherapy.93 The timing of the repeat PET scan is
another issue, because in the setting of radiation
therapy and associated inflammation, the SUV may
not drop for several months.
After initial assessment with PET, patients can be
followed up with CT to assess the emergence of a new
mass. Changes in a CT scan may then prompt repeat
PET scan. Although PET is clearly superior to CT in
identifying the presence of scarring, distinguishing
between radiation effect, pneumonitis, and residual
tumor requires an experienced radiologist.
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Restaging most clearly impacts treatment of patients with stage III disease.88 For example, patients
with stage III disease most frequently experience local
relapses at 3 to 15 months, and results of PET scan may
suggest alternative therapy if patients were originally
treated with radiation therapy alone. Restaging after
completion of neoadjuvant therapy also may impact
surgical decisions. Residual tumor in the mediastinum
may direct treatment to definitive chemoradiation.
Additionally, the identification of a distant metastasis
may deselect patients for resection of the primary tumor. However, because individual physicians and institutions vary in how they determine surgical
candidacy after neoadjuvant therapy, the role of PET
in this setting varies.
The role of restaging in patients with stage IV disease is more controversial because of the uncertain
impact on treatment decisions. Additionally, a CT
scan may be adequate to identify distant metastases.
Although PET may be more sensitive in detecting
subtle metastases, this discovery is unlikely to influence
treatment. One exception may be a patient with a
solitary metastasis that has been surgically resected,
rendering the patient disease-free, at which point many
clinicians would recommend a PET scan to verify the
disease-free status.
Currently, PET scan is not recommended as a primary surveillance method in treated patients, but is
recommended when follow-up CT scans identify a
suspicious lesion.
Response to Therapy/Monitoring Therapy

Several studies have examined the role of PET in
determining response to neoadjuvant therapy. Pottgen
et al.94 studied 50 consecutive patients with locally
advanced lung cancer who underwent induction
therapy with either chemotherapy alone or
chemoradiation. Patients underwent a PET scan before
and after induction. The PET scans were evaluated
according to lesion volume and SUV, and were
compared with the pathology found at subsequent
surgical excision. The authors reported that changes
in the SUV in PET/CT scans before and after three
chemotherapy cycles or later have prognostic value
and allow prediction of histopathologic response in
the primary tumor and mediastinal lymph nodes. A
retrospective review of 56 patients with lung cancer
treated with neoadjuvant therapy also focused on
changes in SUV as a predictor of response.95 Patients
underwent PET scan both before and after neoad-

juvant therapy, followed by complete resection of the
cancer. The change in SUV had a near-linear
relationship to the percent of nonviable tumor cells
in the resected tumor, and was much better correlated
to the pathology than the CT scan results. Specifically,
when the SUV decreased by 80% or more, complete
response was likely. These studies focused on the results
of PET scan after the completion of adjuvant therapy.
Additional interest has been expressed in using
PET scans as an interim assessment of treatment response. In this setting, positive PET scans or minimal
changes in the SUV could prompt a treatment change.
In a prospective study of 57 patients with advanced
lung cancer who underwent PET scan before and after the first cycle of therapy,96 a 25% reduction in SUV
was considered a metabolic response. Median time to
progression and overall survival were significantly
longer for tumors with a metabolic response compared
with those without (163 vs. 54 days and 252 days vs.
151 days, respectively). The authors concluded that
metabolic response can be used to identify patients
with nonresponding tumors to avoid the morbidity of
ineffective therapy. However, the PET results were
not used to direct therapy.
Summary of Recommendations for NSCLC

PET scans are recommended in 1) diagnosis in patients
with 1 to 2 solitary pulmonary nodules and 2) in staging
as part of the initial evaluation in all patients, except
those with multiple distant metastases. In addition,
an initial PET/CT may eliminate the need for a CT
of the chest and upper abdomen. PET scans are also
recommended in 3) restaging, both for stage III disease,
2 to 3 months after neoadjuvant therapy or before
surgery, and for stage IV disease with solitary metastasis
2 to 3 months after treatment; and 4) for surveillance
in patients with symptoms suggesting recurrence
(Figure 7). PET scans are not recommended for
restaging patients with stage I or II disease.

Summary
The role of PET or PET/CT scans in oncology is rapidly
evolving, with well-defined roles in the common
malignancies of breast, lung, colorectal cancer, and
lymphoma. The role of PET scans is most established
for certain indications in lymphoma, colorectal cancer,
and lung cancer. For example, common indications
for PET scans in lymphoma include a baseline study
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biopsy. SUV values also
may be helpful in assessing
response to breast cancer
therapy.
Researching the role of
PET in the overall hierarchy of imaging options in
patients with cancer presents various challenges.
Although published literature on PET has focused
on its diagnostic performance, less literature is
available on the impact on
patient management. One
key outcome is the elimination of other tests if PET
scans were performed earlier in the imaging hierarchy. However, a PET scan
is often the last imaging
test performed. The ultimate patient outcome
would focus on whether a
PET scan changed the
management of a patient
and improved survival.
Figure 7 Biopsy-proven infection, not tumor, in follow-up of patient with history of non-small cell lung cancer.
Ideally, this would involve
a trial randomizing patients
to
either
undergo
a
PET
scan
or not. Such a trial has
for staging patients with diffuse large B-cell lymphoma
not yet been conducted, and there may be physician
or Hodgkin disease, followed by a study at the end of
resistance to this design based on preconceived notherapy to assess treatment response. Lymphoma is
tions about the value of a PET scan.
the only disease for which PET scan is routinely used
PET/CT imaging has been rapidly adopted nato assess tumor response. In patients with colorectal
tionally,
and although a large body of data do not excancer, PET scans have an established role in
ist
demonstrating
the incremental value of a PET/CT
evaluating surgical candidacy of patients with isolated
scan compared with a PET scan, radiologists have apliver metastases or evaluating possible recurrence in
preciated the additional anatomic detail provided by
patients with a rising CEA. In lung cancer, PET scans
the CT scan. PET/CT scans have created questions
have been used to further evaluate solitary pulmonary
about the most efficient imaging strategy for patients
nodules and for staging all patients with known lung
who may benefit from a separate diagnostic CT scan.
cancer. PET scans are also routinely used for restaging
In some institutions, this scan can be performed
tumors in patients with stage III or stage IV disease with
concurrently with the PET/CT scan. In other situasolitary metastasis. PET scans are not routinely
tions, the diagnostic CT scan is performed before the
recommended in breast cancer, but may be valuable
PET/CT scan, and the CT component can be a lowas an adjunct to the initial evaluation of suspected
dose CT.
recurrent or metastatic disease. Emerging applications
of PET scans focus on the role of SUV values to detect
Future directions of PET imaging include various
tumor response. For example, in patients with
new imaging agents that target different cellular and
lymphoma, a high SUV value can be used to direct
signaling pathways. 18F-FLT, which may be used to
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assess proliferation, is probably the closest to clinical
application.
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Post-test
1.

Please circle the correct answer on the enclosed answer sheet.

Which of the following statements is/are TRUE
regarding PET/CT scans?
a. PET/CT imaging has rapidly diffused.
b. PET/CT imaging dramatically increases the sensitivity of PET scans.
c. A diagnostic CT scan is always included as part
of a PET/CT scan.
d. A PET/CT scan requires contrast media.

2.

Which of the following is/are TRUE regarding
preparation of the patient for a PET scan?
a. Poor preparation can lead to uptake of tracer in
normal tissue, thus complicating interpretation of
the image.
b. Adequate hydration is recommended to reduce
accumulation of tracer in the urinary system.
c. False-positive results may be related to inflammatory conditions, trauma, infection, and granulomatous disease; thus, a focused history is
necessary.
d. All are true.

3.

Which statement best describes the current status of
research regarding the oncologic applications of PET
imaging?
a. Numerous studies have shown that the results of
PET imaging are routinely used to direct patient
management.
b. Randomized studies of PET imaging may be problematic because physicians may have preconceived ideas about the value of a PET scan.
c. Studies have delineated the place of PET in the
overall hierarchy of imaging tests used in patients
with cancer.

4.

5.

Which of the following is/are FALSE regarding the
role of PET scanning to assess the axillary lymph nodes
in patients with breast cancer?
a. PET scans may be considered an alternative to
axillary dissection.
b. PET scans may be used as a triage technique to
select which patients would benefit from sentinel
node biopsy.
c. PET scans of the axilla are not helpful in assessing the brachial plexus.
d. All of the above are false.
Which of the following is/are TRUE regarding the
role of PET for detecting metastatic disease in patients
with breast cancer?
a. PET scans are not routinely recommended in patients with early-stage disease because of the low
yield.
b. PET scans are very sensitive in the detection of
sclerotic bone metastases.
c. PET scans have reasonable sensitivity for detecting distant metastases, but their routine use

in patients with suspected metastases is not
recommended.
d. a and c above are true.
e. All are true.
6.

Which of the following is/are TRUE of the SUV value?
a. In patients with breast cancer, a 50% reduction
in SUV suggests a meaningful response to neoadjuvant therapy.
b. Changes in the SUV value may not be adequate
to assess tumor response if the pretherapy uptake
of radiotracer was low or if there is high uptake
in background tissue.
c. In lymphoma, a high SUV value may be helpful
in selecting which node to biopsy.
d. Changes in the SUV value are particularly helpful in evaluating the response to therapy of brain
metastases.
e. a, b, c are true.
f. All are true.

7.

What is the role of PET scanning in diagnosing
colorectal cancer?
a. None.
b. PET scans performed for other purposes may
detect a colorectal cancer as an incidental
finding.

8.

What is/are the role(s) of PET scans in detecting
recurrent colorectal cancer?
a. PET imaging is recommended as a routine surveillance tool in patients with a history of colorectal cancer.
b. PET imaging may help determine extent of disease and surgical candidacy in patients with a
suspected local recurrence.
c. PET imaging has a higher sensitivity than CT
scans in detecting liver metastases and is also
helpful for assessing extrahepatic disease in
patients considered candidates for resection of
isolated liver metastases.
d. b and c are correct.
e. All of the above are correct.

9.

Which are the following is/are TRUE regarding the
role of PET imaging in the management of lymphoma?
a. Interpretation of PET scans in patients with lymphoma is challenging due to its diverse appearance and potential involvement of almost all
organs.
b. A baseline PET scan is particularly useful in patients with low-grade and indolent lymphomas.
c. A PET scan is essential to rule out systemic disease in patients with suspected localized lymphoma.
d. a and c are true.
e. All are true.
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10. Which of the following is/are TRUE regarding PET
imaging as a technique for interim staging in patients
with lymphoma?
a. A PET scan that is negative at interim staging is
a strong and independent predictor of progression-free survival in patients with Hodgkin disease and non-Hodgkin’s lymphoma.
b. Clinical trials have confirmed that a positive PET
scan at interim staging should prompt a change
in therapy.
c. Both are true.
11. Which of the following is/are TRUE for PET imaging
in patients with non–small cell lung cancer?
a. PET scans are recommended in all patients with
non–small cell lung cancer as part of the initial
staging workup.

b. PET restaging after completion of neoadjuvant
therapy rarely impacts surgical decisions.
c. PET is routinely recommended to restage patients
with stage IV disease.
d. None of the above are true.
12. Which of the following is/are TRUE regarding
potential future roles of PET imaging?
a. An 18F FLT radiotracer may be used to detect
proliferation.
b. Imaging of HER2 is an area of active interest,
and it may be used to provide an early assessment
of tumor response to trastuzumab.
c. Molecular imaging of radiolabeled antibodies
could potentially be used to predict response to
therapy.
d. All of the above are true.

Post-Test Answer Sheet
1.
2.
3.
4.
5.
6.

a
a
a
a
a
a

Please circle one answer per question. A score of at least 70% on the post-test is required.
b
c
d
7.
a
b
b
c
d
8.
a
b
c
d
e
b
c
9.
a
b
c
d
e
b
c
d
10.
a
b
c
b
c
d
e
11.
a
b
c
d
b
c
d
e
f
12.
a
b
c
d

Please evaluate the achievement of the learning objectives
using a scale of 1 to 5.
(1 = Not met; 3 = Partially met; 5 = Completely met)

Please indicate the extent to which you agree or disagree
with the following statements:

Describe the technology and science of PET and its general relevance
to cancer care.
1
2
3
4
5
Describe broadly clinical applications of PET in cancer care,
including diagnosis, staging, monitoring/surveillance, and evaluation.
1
2
3
4
5
Describe the relevance of PET scanning and potential contribution of
the imaging technology alone and, where appropriate, in combination
with other imaging technologies in the management of patients diagnosed with breast cancer, colon cancer, rectal cancer, non-Hodgkin’s
lymphoma, non-small cell lung cancer, and thyroid cancer.
1
2
3
4
5
Provide specific recommendation regarding the appropriate use and
application of PET scanning with breast cancer, colon cancer, rectal
cancer, non-Hodgkin’s lymphoma, non-small cell lung cancer, and
thyroid cancer.
1
2
3
4
5

The material was presented in a fair and balanced manner.
1
2
3
4
5
The information presented in this monograph was pertinent to my
educational needs.
1
2
3
4
5
The information presented was scientifically rigorous and up-to-date.
1
2
3
4
5
The information presented in this monograph has motivated me to
modify my practice.
1
2
3
4
5
I would recommend this monograph to my colleagues.
1
2
3
4
5

(1 = Strongly disagree; 3 = Not sure; 5 = Strongly agree)
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