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Abstract
Use of PET is widespread and increasing in the United States, 
mainly for oncologic applications. In November 2006, the National 
Comprehensive Cancer Network (NCCN) gathered a panel of ex-
perts to review the literature and develop clinical recommenda-
tions for using PET scans in lymphoma and non–small cell lung, 
breast, and colorectal cancers. However, because its use is not 
restricted to these diseases, and evidence is accumulating for its 
application in other types of cancers, NCCN convened a second 
meeting in December 2008 to expand on the initial report. A mul-
tidisciplinary panel met to discuss the current data on PET applica-
tion for various tumor types, including genitourinary, gynecologic, 
pancreatic, hepatobiliary, thyroid, brain, small cell lung, gastric, 
and esophageal cancers, and sarcoma and myeloma. This report 
summarizes the proceedings of this meeting, including discussions 
of the background of PET, the role of PET in oncology, principles of 
PET use, emerging applications, and possible future developments. 
(JNCCN 2009;7[Suppl 2]:1–23)

physicians, medical oncologists, and general internists 
discussed the current data on PET use in various tumor 
types, including genitourinary, gynecologic, pancreatic, 
hepatobiliary, thyroid, brain, small cell lung, gastric, 
and esophageal cancers, sarcoma, and myeloma. This 
supplement summarizes the proceedings of this meeting.

In this report, the term PET refers to either PET or 
PET/CT, unless otherwise specified. In addition, the radio-
pharmaceutical used for PET is fluorine-18–labeled fluoro-
deoxyglucose (18F-FDG), unless otherwise specified.

What is PET and How Does it Work?
Imaging can be broadly subdivided into anatomic and 
molecular methods. CT and MRI are anatomic imag-
ing methods, whereas PET and some forms of MRI 
are considered molecular imaging methods. PET/CT, 
which is the fusion or “coregistration” of PET and CT 
images taken sequentially in the same scanning ses-
sion, provides the advantage of combined anatomic and 
molecular images.

PET imaging is based on a unique physical process 
involving the interaction between an electron and a 
positron arising from the decay of a positron-emitting 
radioisotope. This process, known as annihilation, pro-
duces two 511-KeV photons emitted at 180° that can 
be simultaneously detected (coincidence detection) by a 
PET scanner consisting of multiple stationary detectors 
encircling the patient. PET images are reconstructed 
from large numbers of detected coincident events and 
represent the radiotracer distribution in the body.

18F-FDG is a glucose analogue and the most com-
mon tracer used clinically for PET. Because F-18 has 
a half-life of approximately 110 minutes, FDG can be 
transported easily to sites remote from its production.

Use of PET is widespread and increasing in the United 
States, mainly for oncologic applications, and espe-
cially in lymphoma and non–small cell lung (NSCLC), 
breast, and colorectal cancers. In November 2006, the 
NCCN gathered a panel of experts to review the lit-
erature and develop clinical recommendations for us-
ing PET scans in these malignancies.1 However, because 
PET use is not restricted to these diseases and evidence 
is accumulating for its application in other types of can-
cers, NCCN convened a second meeting in December 
2008 to expand on the initial report. A panel of radiolo-
gists, surgeons, radiation oncologists, nuclear medicine 
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with the CT scan. However, PET/CT scans pro-
vide more specific anatomic correlation than PET 
alone, and this technology has been widely adopted. 
Although studies directly comparing PET/CT with 
PET are still limited and much of the older literature 
centers on PET, clinicians generally feel comfortable 
in extrapolating PET findings to PET/CT. A rapid 
conversion to PET/CT has clearly occurred, and this 
technique has become the new standard. In specific 
clinical situations, PET/CT has been reported to be 
an improvement over PET alone.2–8 For example, a 
study of 260 patients with cancer showed that the 
accuracy of PET/CT in tumor staging (84%) was su-
perior to side-by-side PET + CT, CT alone, or PET 
alone (76%, 63%, and 64%, respectively).9

Notably, the CT component of a PET/CT is often 
performed without contrast material administration 
and using lower-dose technique than conventional 
diagnostic CT. Hence, if a diagnostic CT is indicat-
ed, patients often must undergo a separate scan. For 
example, patients who are potential candidates for 
liver resection will typically undergo an initial diag-
nostic CT to evaluate the vascular anatomy of the 
liver, and then be referred for PET/CT to evaluate 
for extrahepatic metastases. In most current PET/CT 
scanners, the CT component is comparable to that 
in stand-alone CT devices and capable of providing 
high-quality diagnostic CT images. Therefore, in 
some institutions, when patients require a diagnostic 
CT concurrently with PET/CT, it can be performed 
as the CT component of the PET/CT examination 
or immediately after the PET/CT in the same scan-
ner but using optimized diagnostic CT scan tech-
nique and contrast material.

Role of PET in Oncology
The oncologic applications of PET scanning are 
based on increased FDG uptake by most malignant 
tumors. The Warburg effect, which is when cancer 
cells have abnormally accelerated rates of glycolysis 
in the presence of oxygen, was first observed in the 
1930s.10 Glucose metabolism is the culmination of 
many different molecular pathways, and interrupting 
any of these components can result in glycolysis in-
terruption and a change in the FDG-PET scan.11–13 
Therefore, FDG can be viewed as a downstream 
biomarker. Glycolysis can be stimulated by several 
oncogenic biologic factors associated with tumor 

Transport of glucose and FDG from the blood-
stream into the cell is mediated by facilitative glu-
cose transporters (especially GLUT-1). FDG is 
phosphorylated into FDG-6-phosphate (FDG-6P) 
by hexokinase, paralleling the conversion of glucose 
into glucose-6-phosphate in the glycolytic path-
way. However, the substitution of fluorine for the 
2-hydroxyl group of glucose blocks further metabo-
lism of FDG, leaving FDG-6P trapped in the cell. 
The level of FDG uptake reflects the rate of FDG-6P 
trapping (Figure 1). Like most other imaging tech-
niques, PET is minimally invasive.

Standardized Uptake Value
A semiquantitative measure, the standardized up-
take value (SUV), is most commonly used to assess 
the uptake of the tracer to control for variations in 
body weight. Because of controversy regarding the 
best methodology for assigning measurement regions 
in tumor images, the maximum SUV (SUVmax) is 
generally a better parameter than the average SUV. 
The SUV is calculated using the following formula:

Activity per unit volume
Injected activity/body weight

PET and PET/CT
An estimated 1800 PET and PET/CT scanners are 
currently available in the United States, with ap-
proximately 80% of these PET/CT. The original im-
petus for combining PET/CT scans was to improve 
attenuation correction and throughput associated 

FDG-6P18

Vascular Cancer Cell

Angiogenesis, bFGF,
PDGF-BB, EGFR

FDG1818FDG

GLUT-1

HIF1a
(hypoxia)

K1

K2

Glycogen

18FDG-1-P

K3

K4

Hexokinase

Glucose-6-
phosphatase

18FDG-6–
phospho-
glucono-
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HMP
shunt

18F-fru-6-P

Glycolysis

Figure 1 FDG uptake in a cancer cell. 
Source: Podoloff DA, Advani RH, Allred C, et al. NCCN Task 
Force Report: Positron Emission Tomography (PET)/Computed 
Tomography (CT) Scanning in Cancer. J Natl Compr Canc 
Netw 2007;5(Suppl 1):S1–S22.
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progression or proliferation, such as the multifunc-
tional Akt signaling pathway.14 Additionally, elevat-
ed expression of GLUT proteins has been described 
in many cancers, which can further enhance FDG 
uptake.15 However, various benign pathologies, such 
as trauma, infection, noninfectious inflammatory 
diseases, and some benign tumors, can cause false-
positive PET findings.

Evidence shows that elevated FDG uptake is 
associated with poor prognosis in various cancers 
with widely varying biology and treatment.16–19 For 
instance, a retrospective review of 400 patients with 
iodine-refractory thyroid cancer indicates that those 
with positive PET scans have significantly worse sur-
vival than those with negative scans (P < .001).19

National Oncologic PET Registry and Research 
Issues
Coverage for clinical use of PET in oncology varies 
among third-party payers, but development of cover-
age policies has been dominated historically by the 
Centers for Medicare & Medicaid Services (CMS) 
for the Medicare program. Starting from January 
2005, PET scans were covered by Medicare (Table 1) 
for diagnosis, staging, and restaging for esophageal, 
head and neck, NSCLC, and colorectal cancers, 
and lymphoma and melanoma (excluding regional 
lymph node evaluation). Reimbursement for PET 
also was approved for specific indications in breast, 
cervical, and thyroid cancers. Coverage for all oth-
er cancers and indications (except those explicitly 
non-covered) required participation in the Cover-
age with Evidence Development (CED) program. In 
response to this CMS policy, the Academy of Mo-
lecular Imaging in collaboration with the American 
College of Radiology Imaging Network developed 
a CED program known as the National Oncologic 
PET Registry (NOPR). Partly due to data gathered 
by the NOPR, in April 2009 CMS announced a new 
coverage framework for PET to combine diagnosis 
and staging into “initial treatment strategy,” and re-
staging and treatment monitoring into “subsequent 
treatment strategy” (Table 1).20 This new national 
coverage determination expanded coverage to lift 
the CED requirement for initial treatment evalua-
tion for nearly all tumors, while maintaining data 
collection for subsequent treatment evaluations for 
a range of solid tumors.

Open since May 2006, the NOPR is a nation-
wide prospective medical registry designed to sys-

tematically collect clinical and demographic data 
on the usefulness and impact of PET in previously 
noncovered cancer types and indications.21 The 
main goal of the NOPR is to evaluate the impact of 
PET on physicians’ plans for patient management. 
Providers are required to submit data from pre- and 
post-PET physician questionnaires to the NOPR as a 
condition of reimbursement for the PET study.

At the end of its first year of operation, the 
NOPR published results from nearly 23,000 scans 
performed in more than 21,000 patients at 1178 cen-
ters.22 Of these, 24% were for cancer diagnosis, 28% 
for initial staging, 24% for restaging after treatment, 
and 24% for evaluation of suspected recurrence. 
Studies performed for treatment monitoring during 
cancer therapy were excluded from this analysis. The 
investigators reported that PET resulted in a change 
in intended management (classified as treatment or 
nontreatment) in 36.5% of cases.

In a subsequent study, the NOPR investiga-
tors reported on the impact of PET in patients with 
pathologically proven cancer of known origin to 
evaluate whether important differences were pres-
ent as a function of cancer type. This study included 
results from nearly 41,000 scans performed in more 
than 34,000 patients at 1368 centers.23 Of these, 
35% were for initial staging, 36% for restaging af-
ter treatment, and 29% for evaluation of recurrence. 
The investigators reported that PET resulted in a 
change in intended management in 38.0% of cases 
overall; results were provided for 18 specific cancer 
types, and ranged from 31.4% for non-melanoma 
skin cancer to 48.7% for myeloma (Table 2). Most of 
these changes were from nontreatment to treatment 
(30%) rather than vice versa (8%), perhaps because 
of PET’s capacity to detect unsuspected lesions. In 
many cases, additional imaging such as CT or MRI 
was indicated as the initial management plan, and 
this may have caused overestimation of the impact 
of PET. To account for this, an imaging-adjusted im-
pact was calculated by excluding these cases from 
the numerator but leaving them in the denominator 
(i.e., assuming no benefit from PET in these cases). 
This adjusted impact ranged from 9.6% for non-
melanoma skin cancers to 16.2% for ovarian cancer 
(overall, 14.7%). The true impact is likely between 
the unadjusted and adjusted rates.

Notably, although the greatest number of scans 
was performed for prostate cancer, this is attributable 
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their relevance amidst rapid advances in imaging 
technologies. Such rapidity and breadth is difficult 
to achieve in a prospective randomized trial. De-
spite these strengths, however, several confounding 
factors and limitations are present.24 In contrast to 
randomized studies, a registry analysis is observa-
tional by nature, with inevitable potential bias. For 
example, physicians who participated may have the 
preconception that PET will change their clinical 
decisions. Furthermore, no control group was present 
to compare the impact of PET with that of current 
standard tests. Because data were derived from self-
completed questionnaires, accuracy will vary, and 
whether the intended change will result in an actual 
change in management remains unknown.

A recent series of Australian studies25–28 under-
took a similar questionnaire format but with addi-
tional follow-up of 12 months on 4 cancers currently 
reimbursed by Medicare (head and neck, lymphoma, 
colorectal, esophageal). They reported that treat-
ment plans were implemented in more than 90% 
of cases. The NOPR investigators seek to adopt 

to the high incidence (and prevalence) of the disease 
rather than a high frequency of PET use. Adjusting 
for disease rate, the use per incident cancer was only 
3% for prostate cancer compared with 38% for ovar-
ian. It is thought-provoking that the NOPR finds 
little variation in impact across cancer types despite 
apparent variation in clinical value. One possible 
explanation is that physicians are selective and only 
order PET when it is most likely to be useful. For 
example, prostate cancer is known to generally have 
low FDG avidity until it becomes castrate-refractory; 
thus, physicians may be using PET only in selected 
cases to help resolve clinical dilemmas. However, 
this lack of variation in impact may also reflect phy-
sician overconfidence and misconception about the 
usefulness of PET.

The NOPR has an impressive population size 
(> 130,000 cases as of March 2009, with approxi-
mately 88% consenting for research use of data) col-
lected from a large fraction (approximately 80%) of 
PET facilities nationwide. Data were analyzed and 
reported in a timely manner, which heightened 

Table 1 Medicare Coverage of PET in Cancer
Previous Framework (as of January 2005) New Framework (as of April 2009)

Cancer Type Diagnosis Initial Staging

Restaging (and 

Suspected 

Recurrence)

Treatment 

Monitoring

Initial Treatment 

Strategy  

Evaluation

Subsequent 

Treatment  

Strategy  

Evaluation

Breast NC Covered* Covered Covered Covered† Covered

Cervix CED Covered‡/CED CED CED Covered‡/CED Covered

Colorectal Covered Covered Covered CED Covered Covered

Esophagus Covered Covered Covered CED Covered Covered

Head and neck Covered Covered Covered CED Covered Covered

Lymphoma Covered Covered Covered CED Covered Covered

Melanoma Covered Covered§ Covered CED Covered§ Covered

Myeloma CED CED CED CED Covered Covered

NSCLC Covered Covered Covered CED Covered Covered

Ovary CED CED CED CED Covered Covered

Prostate CED CED CED CED NC CED

Thyroid Covered Covered Covered¶ CED Covered Covered¶/CED

All other solid tumors CED CED CED CED Covered CED

Abbreviations: CED, coverage with evidence development; NC, non-covered; NSCLC, non–small cell lung cancer. 
*Non-covered for initial staging of axillary lymph nodes.
†Non-covered for diagnosis and/or initial staging of axillary lymph nodes. Covered for staging of metastatic disease.
‡Covered for initial staging with negative conventional imaging for extrapelvic metastasis. All other uses are CED.
§Non-covered for initial staging of regional lymph nodes. Other uses for initial staging are covered.
¶Covered for restaging of previously treated cancers of follicular cell origin with negative I-131 whole-body scintigraphy and 
 rising thyroglobulin ( > 10 ng/mL).



Supplement

Clinical Utility of PET

© Journal of the National Comprehensive Cancer Network | Volume 7 Supplement 2 | June 2009

S-5

this approach and relate their findings to CMS bill-
ing records to assess the impact of PET on actual 
management change. 

More importantly, even when management 
is changed, whether this change will benefit the 
patient remains to be elucidated. As Mol et al.29 
pointed out, the practical value of a diagnostic test 
such as PET ultimately relies on how it affects health 
measures, including survival, quality of life, toxicity, 
and symptom relief, through its impact on treatment 
decisions. Most research has focused on assessing the 
test characteristics of PET (i.e., sensitivity, specific-
ity, and accuracy). However, the clinical context 
can undermine the usefulness of even a highly ac-
curate scan. For example, therapeutic options may 
be limited for some advanced cancers, and sensitive 
or early detection of residual disease will not result 
in improved outcome; it may even cause unnecessary 
or prolonged anxiety in some patients. Although the 
NOPR looked beyond test characteristics, an impact 
on intended or actual change in management may 
not always translate to clinical advantage, particu-
larly when consensus is lacking on the optimal man-
agement of the disease. The difficulty in assessing the 
indirect impact of any diagnostic test on outcome is 
a general problem in oncology given the complex 
nature of cancer and the individualized factors that 
can contribute to treatment response.

Prospective trials randomizing patients to under-
go or skip PET are still the most direct ways to jus-
tify the clinical role of this technique. Admittedly, 
rigorous research data usually are not available even 
for existing conventional tests. Nonetheless, an in-
creasing number of randomized studies have recently 
shown the clinical impact of PET imaging.

One established area is the use of PET in dese-
lecting patients with suspected NSCLC for curative 
surgery that was reportedly unsuccessful in up to 50% 
cases. Van Tinteren et al.30 randomized 188 patients 
to conventional workup with or without PET before 
surgery. The PET arm showed a much lower rate of 
futile thoracotomy (21%) compared with the con-
trol (41%). Another recently completed random-
ized study on 337 patients echoed these findings.31 
In another trial on NSCLC that randomly assigned 
465 patients to either traditional workup or up-front 
PET,32 initial PET resulted in fewer invasive proce-
dures without compromising staging accuracy or rais-
ing costs.

Ideally, more sufficiently powered trials will be 
conducted for other cancer types and to address 
questions other than those pertaining to the surgi-
cal setting. For example, a French group randomized 
130 patients who had undergone curative therapy 
for colorectal cancer to either conventional or PET-
based follow-up.33 They reported that follow-up with 
PET allowed earlier detection of recurrence (12.1 
vs. 15.4 months; P = .01) and improved cure after 
surgery compared with conventional follow-up (10 
vs. 2 patients). However, randomized studies such 
as these may be difficult to undertake for an imag-
ing technique because of potential ethical issues and 
physician preconceptions.

Alternatively, PET and treatment can be per-
formed on all patients, and PET findings compared 
with the treatment outcome. This design has been 
incorporated within a Dutch multicenter random-
ized study on surgery with or without preoperative 
neoadjuvant chemoradiation in esophageal cancer.34 
In the neoadjuvant arm, PET and CT will be per-
formed before and during chemoradiotherapy. All 
patients complete therapy and surgery regardless of 
results. Subsequent analysis will then seek to com-
pare the capacity of PET and CT for predicting non-
response to chemoradiation. Furthermore, survival 

Table 2 Impact of PET on Intended 
 Management of the Top 10 Cancers  
 in the National Oncologic PET 
 Registry

Cancer
No. of 
Scans

% Change 
in Intended 
Treatment

% Imaging-
Adjusted 
Impact 

Prostate 5309 35.1 15.0

Ovary 4509 41.4 16.2

Bladder 3578 37.9 15.4

Pancreas 3314 39.0 14.8

Stomach 3025 36.9 14.5

Small cell lung 2983 41.2 13.1

Kidney 2877 35.8 16.0

Uterus 2869 36.5 15.1

Myeloma 1784 48.7 11.5

Connective 
tissue

1350 36.4 13.6

Adapted from Hillner BE, Siegel BA, Shields AF, et al. 
Relationship between cancer type and impact of PET and 
PET/CT on intended management: findings of the national 
oncologic PET registry. J Nucl Med 2008;49:1928–1935.
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sues. Patients must fast for 4 to 6 hours (Figure 2, top 
panel) and avoid strenuous exercise for 24 hours to 
reduce uptake in skeletal muscle. They should also 
be adequately hydrated to facilitate clearance of ex-
creted FDG from the urinary tract. Because various 
benign features (e.g., some benign tumors, inflamma-
tory and infectious lesions) and normal tissues (e.g., 
brain, gastrointestinal, and genitourinary tracts) can 
also accumulate FDG, physicians must take these 
into account when analyzing imaging results. 

Patient history is equally important. For exam-
ple, scanning conditions and medications may need 
to be adjusted for patients with diabetes undergoing 
PET; both hyperglycemia and insulin effects can lead 
to reduced tumor FDG uptake. Physicians must note 
other concurrent medications, such as granulocyte 
colony-stimulating factor, hormonal therapy, and 
chemotherapy, that may also influence scan findings.

Physicians ordering a PET/CT must be aware 
that it does not replace a diagnostic CT scan (Figure 
2, bottom panel). The CT component of a PET/CT 
adds anatomic accuracy to molecular imaging com-
pared with PET alone, but the PET component of 
a PET/CT does not make it superior to a diagnostic 
CT. Compared with a diagnostic CT, very small le-
sions may be missed on PET/CT because of the omis-
sion of contrast material or lack of full inspiration of 
the CT component. For example, micronodular me-
tastasis to the lungs, common in patients with thy-
roid cancer, may only be detectable with a breath-
holding diagnostic CT with full inspiration. PET/
CT and diagnostic CT serve different purposes and 
indications cannot be applied interchangeably.

Panelists expressed concerns about the potential 
overuse of PET. Physicians should avoid ordering 
scans routinely if results are not likely to influence 
management. For example, in patients with wide-
spread metastasis, finding additional scattered sites 
of disease using whole-body PET usually will have 
no impact on treatment decisions; thus, PET should 
not be performed simply to refine the assessment of 
disease extent. However, PET may be appropriate in 
these cases for a different purpose, such as establish-
ing a baseline for treatment monitoring before start-
ing an expensive therapy.

The NOPR reported a surprisingly high rate of 
cancellation of planned biopsy (75%) after PET.22 
Physicians also expressed that PET results allowed 
them to avoid additional procedures or tests in 77% 

and costs associated with PET or CT will be com-
pared with those for patients who had no imaging 
prediction. This trial design may be more helpful 
in validating PET use in oncology than one that’s 
truly randomized.

Issues and Concerns in Clinical Usefulness
PET is a noninvasive and sensitive imaging method 
for detecting metabolic changes in cancer. However, 
it is also expensive and has limitations, such as false-
positive results from tracer uptake in normal tissues 
and benign lesions. As with any other advanced 
technology, challenges and concerns inevitably arise 
with the ever-increasing use of PET in the clinical 
setting. In particular, protocols of PET imaging have 
not yet been standardized, and both the method of 
performing PET and interpretation of the findings 
vary among cancer centers and clinical sites. The 
panel agreed that health care professionals consid-
ering PET must be alert to several important issues 
applicable to all types of cancers (Table 3).

Optimal and appropriate use of PET requires 
meticulous attention to technique. Proper patient 
preparation is essential, because PET is a sensitive 
measure of real-time metabolism of the body.35 Care 
should be taken to minimize tracer uptake in normal 
tissues while maintaining uptake in target tumor tis-

Table 3 Principles of PET Interpretation and 
 Use in Oncology
•	 PET/CT has an additive anatomic component and 

is generally considered more informative than PET 
alone.

•	 PET/CT and diagnostic CT are tests that serve 
different purposes. Patients must undergo separate 
scans where indicated; however, these may be 
performed on the same PET/CT scanner with the 
diagnostic CT performed as the CT component of 
PET/CT or immediately after PET/CT.

•	 PET is best used as an adjunct in diagnosis and has 
not been shown to be a definitive test by itself. 
PET should not be performed if results are not 
anticipated to change management.

•	 PET must not be used in lieu of a biopsy to establish 
a diagnosis of cancer.

•	 Extrapolation of evidence from the advanced setting 
to early-stage disease should be avoided.

•	 No patient should be denied potentially curative 
therapy based on PET or any other imaging findings 
alone. Patients with stable disease should not 
undergo therapy based on PET findings alone.

•	 PET as a surveillance tool should only be used in 
clinical trials.
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of the cases. Although these observations may poten-
tially reflect a positive impact in avoiding the risks 
and costs of biopsies and other procedures, they can 
also indicate overconfidence in PET findings among 
the general medical community, and that many phy-
sicians see PET as the final arbiter that completes 
patient evaluation and decides treatment. Likewise, 
the lack of variation in apparent impact on manage-
ment decisions across various different tumors can 
be interpreted as either high selectivity on the physi-
cians’ part in applying PET scans or overestimation 
of the significance of PET.

However, although PET is an established tech-
nology past the experimental stage, its clinical role 
in many cancers is still evolving and its usefulness 
can vary widely among different types of cancer. 
Most evidence indicates that PET is best used as an 
adjunctive imaging technique to conventional tests. 
Biopsy remains the gold standard in confirming tumor 
presence and must not be conveniently avoided or 
replaced by PET. Decisions of treatment or nontreat-
ment should always be based on the combination of 
test results and the patient’s overall situation, rather 
than PET findings alone. Specifically, PET results 
should not be the sole reason for deciding against 
potentially curative therapy. Similarly, a single posi-
tive PET finding is not sufficient to initiate therapy if 
patients seem to have stable disease otherwise.

Physicians also should be aware that data sup-
porting a definitive role for PET in disease surveil-
lance are still lacking, and therefore exploratory use 
should be restricted to well-designed clinical trials. 
Care should also be taken to distinguish evidence 
supporting its use in late- versus early-stage disease. 
A prime example is breast cancer, for which PET is 
sensitive in detecting recurrent and metastatic dis-
ease but insufficient to replace surgical staging of 
the axilla in early-stage disease.36 Physicians should 
therefore avoid inappropriate extrapolation of data 
that may result in overuse of PET.

Undeniably, PET is emerging as a very useful 
test that can improve decision-making in oncology. 
However, potential abuse or misuse can also arise 
with its increasingly widespread use. In this respect, 
large registries like the NOPR provide timely data 
that allow monitoring of general conception and 
practice patterns in the medical community. Physi-
cian education regarding the appropriate use of PET 
is critical to maximize the value of this technology.

Brain Cancer
Despite early exploration of PET imaging in brain 
cancers, the literature still reflects a paucity of defini-
tive data on its clinical efficacy. Historically, PET has 
been used in grading and prognosis, with high FDG 
uptake generally correlating with higher grade and 
shorter survival.37–39 Most brain tumors can be effec-
tively visualized with MRI, but PET may be useful 
in nonenhancing tumors. In a study of 28 patients 
with low-grade gliomas, increasing FDG avidity, as 
opposed to low avidity, indicated anaplastic transfor-
mation and predicted poor outcome (2-year survival, 
33% vs. 100%).38

Figure 2 Potential misinterpretation and limitation of PET. 
(Top) PET scan on a patient is dramatically different after eat-
ing (left, note avidity of muscles) from that after proper fasting 
(right). (Bottom) The mid-inspiration CT component of PET/
CT (left) provides less detail than a diagnostic CT with full 
inspiration (right). Contrast is used for both images.
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agnostic PET imaging in gastric cancer, with as much 
as half of primary tumors being FDG-negative.53–56 
Nonetheless, in patients with FDG-avid tumors, 
PET may detect metastatic disease not identified by 
other imaging modalities. In contrast, 95% of prima-
ry esophageal tumors were FDG-avid.57 PET is much 
more sensitive than CT and endoscopic ultrasonog-
raphy in detecting stage IV disease (74% vs. 47%) 
with distant lymph node involvement. Meta-analy-
ses attributed to PET a 67% pooled sensitivity, 97% 
specificity, and small added value after conventional 
staging in detecting distant metastasis.58,59 Based on 
its efficacy, PET is approved by Medicare for both 
initial and subsequent treatment strategy evaluation 
of esophageal cancer.

Recent research has generated strong interest in 
the ability of PET to assess response and predict out-
come to neoadjuvant therapy.60 In 2 studies involv-
ing 36 and 39 patients with esophageal cancer, re-
sponse to preoperative chemoradiation as defined by 
PET was strongly correlated with prognosis.61,62 Re-
sponse assessment seems most valuable for induction 
chemotherapy in patients eligible for potentially cu-
rative resection. Among patients with gastric cancer 
undergoing preoperative neoadjuvant chemothera-
py, Ott et al.63 showed a superior 90% 2-year survival 
in those experiencing PET-defined response (> 35% 
decline in SUV) compared with 25% in those ex-
periencing no response. Response can be predicted 
with PET as early as 14 days into treatment. Because 
more than 60% of patients have unresponsive dis-
ease, they may be spared further unnecessary toxic 
therapy after early assessment with PET.

The same group reported similar findings in 
esophageal cancer, with PET unresponsiveness cor-
relating to shorter time to progression and overall 
survival.64 They further investigated 119 patients in 
the MUNICON trial to assess a PET response–guid-
ed therapeutic algorithm.65 Patients for whom PET 
showed no response to platinum- and fluorouracil-
based induction chemotherapy at day 14 were sent 
for immediate surgery, whereas those who did show 
response completed 3 months of therapy before resec-
tion. Again, a median follow-up of 2.3 years showed 
dramatic survival benefit for responders (hazard ratio, 
2.13; P < .015). Notably, in patients experiencing no 
response, this trial showed that stopping chemother-
apy early did not seem to reduce long-term survival 
compared with continuing treatment in the previous 

The treatment paradigm has recently shifted to-
ward concomitant use of radiation and temozolomide 
for glioblastoma.40 Pseudo-progression and radiation 
injury can occur with concurrent radiation + temo-
zolomide use, which can obscure MRI findings and 
hinder response assessment.41 FDG-PET has a rela-
tively high sensitivity (80%–86%) for distinguishing 
radiation injury from high-grade tumor recurrence; 
the specificity ranges from 80% to 100% in 7 stud-
ies totaling 241 patients, although in 2 smaller studies 
of 19 and 20 patients, respectively, it was only in the 
40% to 63% range.42 Correlation with MRI findings is 
critical for optimal interpretation of PET images.43–45 
Causes of false-negative PET studies include recent 
radiation therapy, low histologic grade, and small 
tumor volume. False-positive PET findings may oc-
cur in inflammatory processes and subclinical seizure 
activity. Technical improvements have shown some 
success, such as delaying time to imaging,46 MRI cor-
relation, and the development of amino acid tracers 
(which currently are only for investigational use).47

PET also has an emerging role in radiotherapy; it 
has been used to delineate tumor activity and target 
volume for radiation planning in gliomas.48,49 Latest 
research interest is turning toward PET verification 
of dose distribution in the growing field of proton 
beam therapy (Figure 3).50–52

Conclusions
MRI is still the gold standard for diagnosing and 
staging brain cancers, but PET may be useful in 
identifying nonenhancing, low-grade gliomas under-
going malignant conversion. A negative PET scan 
is helpful in excluding recurrent anaplastic astro-
cytoma and glioblastoma multiforme. PET is useful 
for differentiating radiation effect from tumor recur-
rence, is a good predictor of survival in high-grade 
recurrent gliomas, and can guide biopsy to the site 
of maximum uptake. PET shows promise in aiding 
radiation planning and dose confirmation. With the 
rapid expansion of proton beam treatment centers, 
PET may become more commonly used as an in vivo 
dosimetric tool for radiation therapy.

Gastric/Esophageal Cancer
Although the incidence of gastric cancer is declin-
ing, that of esophageal adenocarcinoma is increasing, 
particularly for tumors of the distal esophagus and 
gastroesophageal junction. Results are mixed on di-
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trial. Additionally, early PET-defined response corre-
sponded with a high rate of histologic remission. An 
ongoing phase II study66 is adopting a similar PET-
based approach in predicting the efficacy of induction 
chemotherapy followed by chemoradiation before sur-
gery on potentially resectable esophageal and gastro-
esophageal junction cancers.

Conclusions
The role of PET in the primary imaging of gastric 
cancer remains to be established, but it is valuable 
in detecting advanced disease for gastric and esopha-
geal cancer. Recent evidence shows that PET pro-
vides an exciting opportunity to accurately predict 
early which patients for whom induction therapy is 
likely to fail, thereby sparing them from futile, toxic 
treatment and directing them to potentially helpful 
salvage therapies.

Genitourinary Cancers
A major challenge for PET in genitourinary oncol-
ogy is the physiologic urinary excretion of FDG, 

which can significantly mask detection of localized 
prostate and bladder cancers. Urinary activity, how-
ever, can be minimized by good hydration, use of di-
uretics, and bladder catheterization. Another prob-
lem is the variable FDG uptake among genitourinary 
malignancies (e.g., low glycolysis of prostate tumor 
cells). Other tracers are being investigated to over-
come these problems.

Diagnosis and Initial Staging
Because studies have not shown FDG to be reliable 
for diagnosing or initial staging of prostate cancers, 
Medicare has recently determined that PET is not 
covered for these purposes. Reports show significant 
overlap between benign prostatic hyperplasia, ma-
lignant tumor, local recurrence, and postoperative 
scarring.67,68 Sensitivity may be as low as 4% because 
of urinary excretion of FDG.69 Similarly, urinary ex-
cretion limits diagnostic use of FDG in bladder and 
kidney cancers, unless diuretics and/or bladder cath-
eterization are used to minimize physiologic activity. 
Although FDG-PET exhibited equally high specific-
ity (100%) as abdominal CT in kidney cancer, it had 
much lower sensitivity than CT (60% vs. 92%).70 

Figure 3 PET verification of radiation dose distribution in brain tumor. The PET/CT measurement (left) is comparable to the 
planned dose (right).
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ventional imaging techniques (i.e., MRI/magnetic 
resonance spectroscopy, CT, and bone scintigraphy). 
Although 11C-choline is generally considered more 
reliable than FDG in restaging localized disease in 
prostate and bladder cancers, it has limited broader 
application because of its short half-life and investiga-
tional status (see section on “Emerging Applications 
and Future Direction”). Because of its high specificity 
but low sensitivity, PET may be most useful in resolv-
ing diagnostic dilemmas in advanced disease.

Gynecologic Cancers
Research on PET usefulness in detecting gynecologic 
malignancies has not been extensive, with most data 
involving cervical cancer and the fewest involving 
uterine endometrial cancer. The role of PET in ovar-
ian, cervical, and uterine cancers differs because of 
the varying nature and course of these diseases.

Diagnosis and Initial Staging
Based on findings that PET is superior in evaluat-
ing lymph nodes, in 2005 CMS approved coverage 
of PET for initial staging in patients with cervical 
cancer for whom conventional imaging methods 
(CT or MRI) showed no evidence of extrapelvic 
metastasis. In a larger study of 135 patients with lo-
cally advanced or recurrent cervical cancer, PET has 
greater sensitivity than MRI/CT for detecting pelvic 
(88% vs. 75%) and para-aortic (95% vs. 72%) lymph 
node involvement.82 Lin et al.83 performed PET on 
50 patients with negative abdominal CT scans and 
found that 12 had para-aortic lymph nodal metas-
tasis, confirmed with histology. Additionally, PET 
has prognostic value in cervical cancer; patients 
with high pretreatment tumor SUV have worse 
disease-free survival rates.84

Diagnostic use of PET in suspected ovarian 
cancer has been investigated in a prospective study 
by Risum et al.85 In this study, PET scans were per-
formed within 2 weeks before standard debulking 
surgery in 101 patients with a suspicious pelvic mass. 
The authors reported a high diagnostic sensitivity 
and specificity of 100% and 93%, respectively, al-
though 7 PET-negative borderline ovarian cancers 
were categorized as benign. However, unlike cervical 
cancer, the usual late presentation of ovarian cancer 
generally limits the practical value of PET in initial 
evaluation. More than 80% of the cases are found 
at stage III or IV, with patients typically presenting 

Other potentially more helpful tracers are being 
studied. For example, a small study of 18 patients 
showed 11C-choline uptake in all primary bladder 
tumors tested.71

Restaging and Metastasis Detection
FDG-PET has limited usefulness in detecting pros-
tate cancer metastasis, except in castration-resistant 
disease, in which several panelists report from their 
experience at large cancer institutions that FDG-
PET has high sensitivity for detecting distant me-
tastases.72 Furthermore, in this subset of patients, 
FDG-PET has prognostic significance and may alter 
treatment intensity and duration. Although FDG-
PET is possibly more useful in the distant metastatic 
setting,73 with a low false-positive rate, a negative 
scan does not exclude metastatic disease. For ex-
ample, a study of 24 patients showed that FDG-PET 
had higher specificity but lower sensitivity than 
bone scintigraphy.74

Few studies are available on the usefulness of 
PET in restaging bladder cancer recurrence, but evi-
dence suggests a role in detecting metastasis. In a 
study of 27 patients using histopathologic findings as 
reference, 11C-choline was more accurate than CT in 
detecting lymph node metastasis.75 In another study, 
FDG-PET was complementary to CT in finding 
positive lymph nodes in invasive bladder cancer.76 
Use of diuretics was reported to improve detection 
of locally recurrent disease.77 However, the sensitiv-
ity of FDG-PET may decline in patients who have 
undergone chemotherapy.78

Studies in kidney cancer have been focused on 
FDG. FDG-PET was used by Safaei et al.79 to cor-
rectly restage 32 of 36 patients (89%) with advanced 
disease. FDG-PET was also more specific in visual-
izing distant metastasis than bone scintigraphy and 
chest CT in trials, including 18 to 66 patients, al-
though sensitivity was variable (64%–100%).70,80,81

Conclusions
Evidence supporting a routine role for FDG-PET in 
genitourinary cancers is lacking. However, FDG-PET 
may be indicated in castration-resistant metastatic 
prostate cancer, in which it has been reported to have 
high sensitivity for detecting distant metastasis. FDG-
PET may also be considered in detecting metastasis 
in kidney cancer and muscle-invasive bladder cancer. 
Currently, FDG-PET should only be considered as 
an adjunct to, and not a replacement for, other con-
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with extensive symptoms. In the remaining 15% to 
20% of patients with clinical stage I or II disease, 
upstaging after surgical exploration primarily detects 
small volume involvement (< 1 cm) in para-aortic 
nodes, which is undetectable using current PET 
technology. Most patients require up-front debulk-
ing surgery, which minimizes the value of imaging for 
diagnostic and staging purposes.

Although uterine cancer is usually diagnosed at 
an early stage, it has the same tendency as ovarian 
cancer to spread as small nodal deposits for which 
PET has very low sensitivity. In a study of 30 pa-
tients, Suzuki et al.86 found that preoperative FDG-
PET detected none of 5 cases of lymph node involve-
ment of 0.6 cm or less. PET was more sensitive than 
CT or MRI in visualizing non-nodal extrauterine 
lesions or the primary lesion86,87 but, similar to ovar-
ian cancer, the problem is that up-front surgery is in-
dicated for staging and treatment of uterine cancer. 
PET imaging does not currently preclude the need 
for surgical staging.

Recurrence
PET has significant value in diagnosing recurrent 
cervical cancer and restaging after chemoradia-
tion.88 In contrast to patients with ovarian or uterine 
cancers, those with cervical cancer experiencing a 
pelvic recurrence without extrapelvic disease have 
nearly a one third chance of long-term disease-free 
survival with pelvic exenteration. Because this is a 
highly invasive procedure, determining the presence 
of extrapelvic metastasis is important before making 
a clinical decision. In studies examining recurrence 
detection, the sensitivity and specificity of PET 
ranged from 76% to 100% and 57% to 100%, respec-
tively.89 Alteration in treatment plans based on PET 
results has been reported. Yen et al.90 found that of 
the 55 patients whose recurrences were initially con-
sidered potentially curable, 36 (66%) experienced 
treatment modifications after PET, with 27 undergo-
ing palliative therapy instead of aggressive surgical 
treatment, which would not be beneficial in patients 
with distant metastatic disease (Figure 4). In a more 
recent prospective study of 20 patients with recur-
rence, PET was 100% sensitive and 73% specific in 
detecting extrapelvic metastasis, which would obvi-
ate recommendations for pelvic exenteration.91

Several trials have shown PET’s ability to detect 
recurrence in ovarian cancer. One larger study of 90 
patients showed that FDG-PET was superior to con-

ventional imaging in verifying recurrence in patients, 
followed by CA-125.92 In combination, PET and 
CA-125 have 98% sensitivity. Similar results were 
found in a small trial of 22 patients with negative or 
indeterminate CT scans, in whom PET has very high 
overall sensitivity and specificity (95% and 100%, re-
spectively) for assessment.93 The use of PET seems to 
have a significant impact on clinical decision-making, 
resulting in changes in management strategies for 
44% to 58% of patients.94,95 The question remains as 
to whether these changes are beneficial in the recur-
rence setting, given the lack of consensus on the best 
management. CMS recently approved coverage of 
PET for both initial and subsequent treatment strat-
egy evaluation of ovarian cancer.

Data are scarce for uterine cancer. In one study of 
90 women, Kitajima et al.5 found that PET had better 
sensitivity and specificity than CT for assessing re-
currence of uterine cancer. A change of management 
based on PET findings was also reported for 42% of 
the patients. Another study reported that 70% of 
the 33 PET scans performed after recurrence/salvage 
therapy had a positive impact on management.87

Conclusions
Among gynecologic malignancies, PET efficacy is 
best supported for initial staging of patients with 
cervical cancer who are to undergo chemoradiation. 
Approximately 7% are upstaged to stage IVb because 
PET detects unsuspected metastases in supraclavicu-
lar lymph nodes. PET also delineates involved pelvic 
and para-aortic nodes, which is essential for proper 
radiation therapy planning. PET is also useful in the 
recurrent setting, in which some patients may ben-
efit by avoiding unnecessary invasive surgery.

The technology assessment performed for CMS 
by the University of Alberta Evidence-Based Prac-
tice Center showed substantial usefulness of PET 
in ovarian cancer.96 In uterine cancer, the reported 
impact of PET on disease management is not as 
substantial. Although PET has been shown to have 
improved sensitivity and specificity compared with 
conventional imaging, it does not preclude the stan-
dard recommendation for initial surgery. PET may 
be helpful in confirming recurrence of ovarian can-
cer in patients with elevated CA-125 levels, when 
the information would change subsequent diagnos-
tic evaluation and/or management. Additionally, 
current PET technology is inadequate in detecting 
small nodal metastasis common in these patients.
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Myeloma
In multiple myeloma, imaging studies are critical to 
identify lytic bone lesions that may indicate active 
disease requiring treatment, but established tech-
niques such as radiography (skeletal survey) and 
MRI have their limitations. Recently, increasing in-
terest has been shown in exploring the diagnostic/
staging value of PET compared with conventional 
imaging. PET was consistently found to be more 
sensitive than radiography in finding bone lesions. 
Additional lesions were reported in 23% to 57% of 
patients examined, frequently resulting in upstaging 
and change in management.97–100 In other studies in-
volving 16 to 33 patients, MRI was able to detect 
much spinal disease not seen on PET, but the much 
larger field of view allowed PET to visualize lesions 
in other areas undetectable with MRI.100–102 Clearly, 
PET would be most useful when used in combination 
with other imaging tests, especially MRI.

A prognostic value has also been attributed to 
PET. Durie et al.103 reported a consistent correlation 

of PET negativity to indolent plasma cell disease. 
PET also showed extramedullary uptake in 23% of 
patients experiencing relapse, which is associated 
with a poor prognosis. However, whether PET adds 
independently to prognosis when powerful prognos-
tic factors such as cytogenetic abnormalities are also 
considered remains unknown.

Conclusions
PET is an informative test that has a potential 
complementary role to conventional imaging in the 
diagnosis and staging of multiple myeloma. CMS 
recently approved coverage of PET for both initial 
and subsequent treatment strategy evaluation of my-
eloma. One key area for research is to investigate the 
correlation of FDG avidity with local disease activity 
using biopsy.

Pancreatic and Hepatobiliary Cancers
PET use is evolving in pancreatic and hepatobiliary 
malignancies. These cancers generally have a poor 
prognosis, with surgery the only potentially curative 
treatment. However, only a minority of patients are 
eligible for resection, and recurrence is common and 
typically incurable. These stark realities guide evalu-
ation of PET efficacy in these diseases.

Diagnosis and Initial Staging
In pancreatic cancer, studies of 34 to 106 patients 
have consistently shown diagnostic accuracy for 
PET, which surpasses that of CT.2,96,104,105 In particu-
lar, PET can differentiate malignant tumors from 
benign cysts or pancreatitis with 84% to 94% accu-
racy.105,106 Because a diagnostic biopsy is performed 
for most patients, the clinical efficacy of FDG-PET/
CT for diagnosis is questionable. However, although 
biopsy may provide a tissue diagnosis, this technique 
is associated with significant sampling error.107,108 
FDG-PET/CT may represent a useful add-on diag-
nostic tool in the evaluation of patients with sus-
pected pancreatic cancer, especially when CT and 
biopsy results are inconclusive.109

PET may be more useful in staging. A recent 
study of 82 patients showed an improved detection 
sensitivity for metastases when combining PET/CT 
with standard CT (combined, 87%; PET/CT, 61%; 
CT, 57%).110 Detection of additional metastases 
resulted in a management change in 11% to 16% 
of patients.110,111

Figure 4 Efficacy of PET in recurrent cervical cancer. (Left) 
Three months after chemoradiation, a left neck mass was 
palpated in this patient. MRI and CT showed no definite ab-
normal findings, but PET suggested nodal metastases confirmed 
by histopathology. She received palliation treatment instead 
of salvage radiation. (Right) Six months after chemoradiation, 
elevated tumor marker level was noted in this patient. Again, 
MRI and CT were negative, whereas PET disclosed lung metas-
tasis. She received pneumonectomy and was well for 1 year.  
Source: Yen TC, See LC, Chang TC, et al. Defining the prior-
ity of using 18F-FDG PET for recurrent cervical cancer. J Nucl 
Med 2004;45:1632–1639.
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In the fewer studies available for the less-com-
mon biliary tract (gallbladder and bile duct) ma-
lignancies, PET was generally found to be effective 
in visualizing primary tumors and distant metasta-
sis,112–115 although false-positives were concerning for 
patients with cholangitis or biliary stents.116 Similar 
to pancreatic cancer, PET findings caused a change 
in primary treatment in 17% to 30% of patients be-
cause it detected unsuspected metastases.112,114,116,117

The clinical picture may be different for hepa-
tocellular cancer. The primary tumor generally has 
lower, more variable avidity for FDG, although PET 
is still effective in detecting 86% of metastatic le-
sions.118,119 PET may have an increasing role in as-
sessing the impact of liver-directed therapies, which 
are notoriously difficult to judge with conventional 
CT imaging. Wudel et al.119 reported that FDG-PET 
added clinically significant information in 26 of 91 
patients (28%) as a result of metastasis detection and 
response assessment of hepatic-directed therapy.

Recurrence and Other Applications
Several studies have investigated PET for recurrence 
detection, but its usefulness may be limited because 
few options are available when these cancers recur. 
Thus, early detection of an incurable recurrent ma-
lignancy with limited treatment options is unlikely 
to impact patient management. A study of 31 pa-
tients with pancreatic cancer showed that PET was 
more sensitive than CT/MRI for local recurrence but 
significantly less sensitive for liver metastases.120 In a 
study of patients with biliary cancer, PET identified 
recurrence in 86% of patients but altered treatment 
in only 9%.112 For hepatocellular carcinoma, Chen 
et al.121 reported a 73% PET sensitivity in detecting 
recurrence in patients with rising alpha-fetoprotein 
but otherwise normal conventional examinations. 
Thus, PET may have higher value in assessing re-
currence or persistent disease in patients with hepa-
tocellular cancer, because additional liver-directed 
treatments may be considered.

PET probably has prognostic significance. Seo 
et al.117 reported a lower disease-free survival for pa-
tients with cholangiocarcinoma cancer undergoing 
resection with high versus low SUV. Similarly in 
hepatocellular cancer, PET positivity was associated 
with shorter survival after liver transplantation122 or 
resection.123 Smaller reports suggest a potential role 
for PET in response monitoring,104,124 particularly for 
liver-directed therapy in patients with hepatocellu-

lar cancer,125–127 but more study and more-effective 
treatments are required to show clear benefit.

Conclusions
PET is most promising as an adjunct to standard 
staging tests for maximum metastasis detection to 
prevent unnecessary surgery. Although most primary 
pancreatic and biliary tract tumors are FDG-avid, 
hepatocellular cancers are not as much. In hepato-
cellular cancer, PET may have an expanded role in 
recurrence assessment and evaluation of response to 
liver-directed therapy, because additional treatment 
options may be available for localized disease. FDG-
PET/CT imaging may represent a useful adjunctive 
diagnostic tool for evaluating patients with sus-
pected pancreatic cancer, especially when CT and 
biopsy results are inconclusive. Improved detection 
of recurrence in pancreatic and biliary cancers is less 
likely to be of clinical benefit. Similarly, PET is un-
likely to be used for response assessment in pancre-
atic and biliary cancers, given the limited efficacy of 
available treatments.

Sarcoma
Data on the use of PET to distinguish between be-
nign masses and sarcomas are variable, depending 
on the definition of malignancy and the type of sar-
coma examined.128,129 With respect to staging, FDG-
PET is clearly inadequate (sensitivity, 50%–87%) 
in detecting lung involvement compared with chest 
CT (75%–100%), but whole-body PET is useful in 
detecting extrapulmonary metastasis.130,131 PET is 
particularly helpful in Ewing’s sarcoma. FDG-PET 
alone detected osseous metastasis at a much higher 
sensitivity (100%) than conventional bone scin-
tigraphy (68%).132 The hybrid PET/CT technique 
seems to further improve sensitivity in the staging of 
Ewing’s sarcoma.4

Most sarcomas respond poorly to therapy. In re-
cent years, however, targeted agents such as imatinib 
and sunitinib have shown dramatic, albeit often 
temporary, tumor control for gastrointestinal stromal 
tumors (GISTs).133,134 The assessment of response to 
these agents is where PET proved to be a valuable 
tool. Figure 5 illustrates the rapid change in tumor 
metabolism shown by PET, without a corresponding 
change in lesion size on CT.135 FDG uptake signifi-
cantly decreased in responsive tumors as early as 24 
hours after the first dose of imatinib,133 and PET was 
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much more accurate than CT in diagnosing response 
by 1 month (85% vs. 44%).136 Likewise, FDG-PET 
sensitively showed on and off tumor response to 
sunitinib as patients with imatinib-resistant GISTs 
underwent treatment cycles.137

Additionally, Prior et al.138 reported a significant 
correlation between SUV at week 4 and progression-
free survival in a study of 23 patients on sunitinib. 
For borderline resectable tumors, timely treatment 
response assessment can be the key to choosing 
between a less-invasive local excision and major 
surgery associated with high morbidity. This issue 
is critical when the tumor is located in the gastro-
esophageal junction, periampullary regions, and 
rectal/prostate areas.

Conclusions
PET may help complement conventional imaging in 
clarifying the disease stage of sarcomas, particularly 
in Ewing’s sarcoma. PET imaging has an exciting role 
in monitoring response of GISTs to targeted agents. 
Rapid assessment using PET may allow a valuable 
window of opportunity for important surgical deci-
sions, especially for borderline resectable tumors in 
specific locations.

Small Cell Lung Cancer
Evidence of benefit from PET use in small cell lung 
cancer (SCLC) mainly came from small studies fo-
cused on staging, which often included heteroge-
neous populations and used suboptimal convention-
al imaging algorithms for comparison. These studies 
included 18 to 120 patients with a cumulative stag-
ing concordance of 87% (range, 73%–100%) be-
tween PET and conventional imaging.139–147 Based 
on PET findings, approximately 15% of patients 
were upstaged from limited to extensive disease and 
5% were downstaged. Because SCLC is an aggressive 
disease, it generally has high FDG uptake, leading to 
a sensitivity of nearly 100% for primary tumors. For 
most metastatic sites, PET was superior to standard 
imaging techniques with sensitivity of 97% to 100% 
and specificity of 78% to 96%. However, PET was 
inadequate in detecting brain metastases (sensitivity, 
approximately 45%) compared with cranial MRI or 
CT.139,140,143,147 NSCLC is more frequently associated 
with hypermetabolic metastatic brain lesions than 
SCLC (80% vs. 26.7%).148

Changes in management based on PET staging 

were reported in 16% to 38% of patients in 3 studies 
(vs. 41% reported by NOPR23), primarily because of 
alterations in the radiotherapy field.139,143,147

Data on other applications such as prognosis 
and response monitoring are based on small num-
bers of patients. One retrospective analysis showed 
that patients with positive PET findings had worse 
2-year survival rates than those with negative find-
ings (23% vs. 67%; P = .01) and that SUVmax in-
versely correlated with survival.149 This information, 
however, is unlikely to have a significant impact on 
disease management.

Conclusions
Rigorous prospective research is still needed to de-
termine the overall efficacy of PET in SCLC. PET 
seems to improve staging accuracy, although patho-
logic confirmation is still required for lesions that 
are upstaged. PET also seems to improve detection 
of intrathoracic sites of disease that can impact ra-
diation planning in patients with limited-stage dis-
ease. However, PET is not adequate for detecting 
brain metastases.

Thyroid Cancer
The incidence of thyroid cancer has risen 2.4-fold 
over the past 30 years due to an increased detection 
of small papillary thyroid cancers, which represent 
87% of all cases.150,151 These variants, together with 
the follicular and Hurtle cell subtypes, are classified as 
differentiated thyroid cancer (DTC), which has been 
the main research focus of PET in thyroid cancer. 
Medullary thyroid cancer (MTC), encompassing ap-
proximately 3% of cases, has a less than well-defined 
role for PET than DTC.

Diagnosis and Initial Staging
Emerging evidence shows PET provides effective 
diagnostic imaging for Hurtle cell thyroid cancer, 
which generally has low avidity to I-131.152,153 More 
generally, incidental focally high thyroid FDG up-
take has been well documented in large studies, 
reporting 1.1% to 2.9% incidence in 1330 to 8800 
individuals.154 A significant number of these—14% 
to 47%, depending on the fraction of suspected le-
sions subjected to tissue biopsy—were confirmed 
to be thyroid cancer. In comparison, conventional 
imaging detected a higher rate of incidental nodules 
but lower rate of malignancy.155 Hypermetabolic thy-



Supplement

Clinical Utility of PET

© Journal of the National Comprehensive Cancer Network | Volume 7 Supplement 2 | June 2009

S-15

roid “incidentalomas” identified with PET should be 
further evaluated using thyroid ultrasonography and 
fine needle aspiration. However, because of lower 
cost and higher sensitivity, thyroid ultrasonography 
is the preferred modality for the initial evaluation of 
a thyroid nodule.

PET is less useful in MTC, but the sensitivity is 
70% when calcitonin levels are greater than 1000 
pg/mL.156 A larger study of 55 patients showed that 
PET was inferior to either ultrasonography, CT, or 
MRI for detecting disease at individual common 
metastatic sites, including neck, lung, mediastinum, 
liver, and bone.157

Recurrence and Prognosis
FDG-PET sensitivity for recurrent DTC varied wide-
ly, from 45% to 100%, improving at higher serum 
thyroglobulin (Tg) levels and in patients with more 
extensive metastatic disease.158 Because Tg is already 
a good marker for recurrence, the value of PET in 
this setting is generally restricted to localizing the 
residual disease, especially when I-131 scintigraphy 
is negative. Stimulation of thyroid stimulating hor-
mone moderately increases the sensitivity for detect-
ing FDG-positive lesions.159

In the posttreatment setting, PET has profound 
prognostic impact based on the fact that PET-posi-
tive lesions are probably most metabolically active 
and aggressive. In a retrospective review of 400 pa-
tients who underwent PET (50% with metastasis), 
Robbins et al.19 found that only old age and posi-
tive PET findings continue to be strong predictors of 
short survival after multivariate analysis. Similarly, 
Wang et al.160 report volume of FDG-avid disease to 
be the single strongest prognostic factor. Moreover, 
of the 58 patients with distant metastasis, those who 
had positive PET findings had a significantly shorter 
survival than the group with negative findings.

Notably, FDG avidity and concomitant loss of 
I-131 uptake is known to be associated with dediffer-
entiation,161 and several studies have used PET to de-
tect metastasis in patients with negative I-131 scin-
tigraphy and elevated Tg (Figure 6).162,163 Together, 
these findings favor PET use in selecting patients 
within this group who may require more vigilant 
follow-up or systemic therapy beyond radioactive io-
dine. For poorly DTC or anaplastic thyroid cancer 
(ATC), FDG-PET may improve metastasis detection 
and alter therapy.164 Because of the generally poor 
prognosis of patients with ATC, no correlations be-

tween PET findings and prognosis are available. PET 
received CMS approval of coverage in 2003 for re-
staging patients with previously treated thyroid can-
cer of follicular cell origin, elevated Tg (> 10 ng/mL), 
and negative whole-body I-131 scintigraphy.

Conclusions
The role of PET is limited for MTC, but expanding in 
DTC. Incidental discovery of focal FDG avidity may 
be helpful in identifying potentially malignant thy-
roid nodules for diagnosis, but cost and sensitivity pre-
clude its use as a frontline diagnostic tool. Research 
data best support using FDG-PET in established inter-
mediate- and high-risk patients with DTC and those 

Figure 5 PET can provide rapid evaluation of tumor response 
to targeted agents in sarcoma. Comparing scans of a patient 
before (A) and 1 month after (B) imatinib therapy, PET/
axial PET slices showed dramatic shrinkage of the tumor mass, 
whereas the corresponding axial CTs (inset panels) showed no 
apparent treatment effect.  
Source: Van den Abbeele AD. The lessons of GIST—PET and 
PET/CT: a new paradigm for imaging. Oncologist 2008;13(Sup-
pl 2):8–13.
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with ATC. PET is a powerful prognostic indicator in 
the metastatic setting. One emerging use is in assess-
ing patients with high Tg and negative I-131 imaging, 
where a positive PET may be indicative of dedifferen-
tiation associated with tumor aggressiveness, calling 
for modification in treatment plans.

Conclusions
Table 4 summarizes the panel conclusions on PET 
use in different cancers based on a review of the lit-
erature. These are based on lower-level evidence and 
panel consensus was reached, corresponding to 2A 
category of NCCN recommendations. PET is gen-
erally useful as an adjunctive imaging technique in 
detecting unsuspected metastasis. This information 
is especially valuable in deselecting patients from fu-
tile, invasive treatment, such as pelvic exenteration 
in cervical cancer. PET also shows promise in assess-
ing treatment response in gastric/esophageal cancer 
and GIST. Notably, however, PET has been found 
to be inadequate for disease detection in certain set-
tings (e.g., brain metastasis of SCLC).

In some cases, panelists found the practical value 
of PET to be limited by the clinical circumstance. 

For example, although PET can sensitively detect 
primary and recurrent ovarian tumors, its use is low 
in practice because initial debulking surgery is rec-
ommended for most patients and opinions differ on 
the best management for recurrent disease. However, 
the technology assessment performed for CMS by 
the University of Alberta Evidence-Based Practice 
Center showed substantial efficacy of PET in ovarian 
cancer.96 The results of this technology report indi-
cate that FDG-PET, especially when combined with 
CT, is a potentially useful tool for detecting recurrent 
ovarian tumors. A negative CA-125 and FDG-PET/
CT is considered to rule out recurrent ovarian cancer 
and, in this clinical setting, can substitute for CT.

The essential message is that although the evi-
dence is imperfect (and definitely indicates limited 
efficacy for certain cancers), the technology is now 
mature enough and its general use in cancer under-
stood sufficiently for physicians to be empowered to 
use it as they think best for individual patients. More 
intelligent use will occur over time as more evidence 
for PET use in all types of cancer is developed. The 
continued development of new evidence by the 
NOPR should help accomplish this goal.

Emerging Applications and Future 
Directions
Interest in measuring metabolic change to evaluate 
therapeutic success has recently increased. PET is 
an area of active reseach, as an early surrogate bio-
marker based on the fact that alterations in glucose 
metabolism and thus FDG uptake in cancer tissues 
may sensitively reflect response to treatment before 
a gross reduction in tumor measurements. This can 
be especially useful in avoiding substantial side ef-
fects of futile therapy or allowing a timely switch 
to another potentially more effective treatment. 
Esophageal cancer and GIST are 2 examples dis-
cussed earlier, with several current trials using PET 
for response assessment. Similar trials are ongoing in 
a vast array of other cancers, including brain, breast, 
cervical, colorectal, head and neck, kidney, lung, and 
nasopharyngeal cancers and lymphoma and sarcoma. 
More research effort is needed to correlate PET find-
ings to patient outcome for this application. Stan-
dardized protocols and evaluation criteria for specific 
diseases, such as those developed for lymphoma,165 
are also necessary to ensure reporting of quality data. 

Figure 6 131I-negative thyroid cancer metastases are often 
FDG-avid. In contrast to 131I scan (left), FDG-PET scan (right) 
revealed extensive metastasis in this patient.  
Source: Feine U, Lietzenmayer R, Hanke JP, et al. Fluorine-18-
FDG and iodine-131-iodide uptake in thyroid cancer. J Nucl 
Med 1996;37:1468–1472.
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Determining whether PET-guided adaptive treat-
ment paradigms will lead to improved patient out-
comes will likely require prospective, randomized, 
controlled trials.

A supplemental NOPR report discussed data 
collected on 10,497 PET scans performed for treat-
ment monitoring, mainly for chemotherapy alone 
(82%).166 Overall, PET led to an intended change of 

Table 4 Role of PET in Various Types of Cancer*
Diagnosis/Staging Restaging/Recurrence

•	 Brain: may identify anaplastic transformation in 
nonenhancing, low-grade gliomas

•	 Gastric/esophageal:
 ! Gastric: not for diagnosis; potential use for metastasis 

detection
 ! Esophageal: detection of advanced disease

•	 Genitourinary: FDG not for diagnosis; potential for 
adjunctive detection of metastasis

•	 Gynecologic:
 ! Cervical: detect nodal involvement
 ! Ovarian/uterine: limited use

•	 Myeloma: potential adjunct to MRI for detecting 
extraspinal lesions

•	 Pancreatic/hepatobiliary:
 ! Pancreatic/biliary tract: for diagnosis when other 

imaging and biopsy are nondiagnostic, and adjunct 
in metastasis detection

 ! Liver: adjunct in metastasis detection, not for primary 
diagnosis

•	 Sarcoma:
 ! Ewing’s sarcoma: adjunct in staging
 ! Others: detecting extrapulmonary metastasis, not for 

lung involvement
•	 SCLC: potential adjunct in nodal/distant metastasis 

detection, but not for brain metastasis
•	 Thyroid:

 ! DTC: incidental discovery of suspicious nodes
 ! MTC: limited use

•	 Brain: differentiation of recurrence from radiation 
necrosis

•	 Gastric/esophageal:
 ! Gastric: unclear
 ! Esophageal: distant lymph node detection

•	 Genitourinary: limited use for local recurrence, possible 
use in detecting metastasis

•	 Gynecologic:
 ! Cervical: restaging to detect residual disease after 

chemoradiation, presurgical detection of extra-pelvic 
disease (deselection for surgery)

 ! Ovarian: restage when CA-125 is elevated and CT 
normal

 ! Uterine: unclear
•	 Myeloma: potential adjunct to MRI for detecting 

extraspinal lesions
•	 Pancreatic/hepatobiliary:

 ! Pancreatic/biliary tract: limited use
 ! Liver: potential use in assessing recurrent/persistent 

disease
•	 Sarcoma: unclear
•	 SCLC: unclear
•	 Thyroid:

 ! DTC: detection of suspected recurrence when Tg is 
elevated and whole-body I-131 imaging is negative

 ! MTC: restage when calcitonin > 1000 pg/mL

Prognosis Treatment Planning and Response Monitoring

•	 Brain: possible negative correlation with survival
•	 Gastric/esophageal: negative correlation with 

chemoradiation/radiation outcome
•	 Genitourinary: unclear
•	 Gynecologic:

 ! Cervical: negative correlation with survival
•	 Myeloma: possible negative correlation with survival
•	 Pancreatic/hepatobiliary: negative correlation with 

survival
•	 Sarcoma:

 ! GIST: negative correlation with targeted therapy 
outcome

•	 SCLC: unclear
•	 Thyroid:

 ! DTC: negative correlation with survival
 ! MTC: unclear 

•	 Brain: potential use in radiation planning and dose 
verification

•	 Gastric/esophageal: response assessment for 
preoperative induction therapy

•	 Genitourinary: unclear
•	 Gynecologic: unclear
•	 Myeloma: unclear
•	 Pancreatic/hepatobiliary:

 ! Pancreatic/biliary tract: limited use
 ! Liver: potential response assessment to liver-directed 

therapies
•	 Sarcoma:

 ! GIST: response assessment for targeted therapy
•	 SCLC: may modify radiation field
•	 Thyroid: unclear

Abbreviations: DTC, differentiated thyroid cancer; GIST, gastrointestinal stromal tumor; MTC, medullary thyroid cancer; SCLC, 
small cell lung cancer. 
*Based on lower-level evidence (lack of randomized studies) with panel consensus, corresponding to the 2A category of NCCN 
recommendations.
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therapy or modification in current treatment scheme 
(dose or duration) for 43% of patients. An intended 
change was recorded more often when PET findings 
suggested a worse or unchanged prognosis (78% vs. 
40%). The highest percentage use of PET in this 
data set was for ovarian cancer (14% of all cases), 
which further shows its popular use for this cancer 
among the community and indicates the need for 
better research validation.

The role of PET in aiding other procedures is 
emerging. The latest evolution of image-guided ra-
diation therapy involves the incorporation of PET 
scans in a 3-dimensional radiation planning process 
to maximize target dose while minimizing effects on 
surrounding tissue. For example, Esthappan et al.167 
described the use of PET to accurately guide inten-
sity-modulated radiotherapy to positive para-aortic 
lymph nodes in patients with cervical cancer. PET 
has also been suggested as a tool to guide biopsy to 
the most biologically significant tumor area, based 
on the fact that aggressive cancer cells are often 
metabolically active and hence highly FDG-avid. 
This is currently under investigation for cancers with 
high tissue heterogeneity, such as lymphoma and sar-
coma. Another application of PET with FDG and 
11C-methionine is in selecting the best biopsy site for 
diagnosis and PET-guided therapy.168

Research is ongoing on new tracers that reflect 
other molecular processes, with 18F-fluorothymidine 
(FLT) being a common example.169 18F-FLT is a thy-
midine analog and a marker for cell proliferation. 
Studies using FLT to monitor therapeutic response 
are showing encouraging results.

Another promising tracer is 18F-misonidazole 
(FMISO) for detecting tumor hypoxia, a key mecha-
nism in radioresistance. In a substudy of a larger 
trial randomizing patients with head and neck can-
cer to standard radiochemotherapy with or without 
the hypoxia-induced drug tirapazamine, 45 subjects 
underwent FMISO-PET before and during treat-
ment.170 The authors reported that hypoxia as shown 
by FMISO-PET in the no-tirapazamine arm is associ-
ated with an increased risk for locoregional failure.

The American College of Radiology Imaging 
Network is initiating 2 trials that use PET to image 
hypoxia. These and other studies may further expand 
potential application of PET in oncology. Another 
example, 11C-choline, is a tracer that has low urinary 
excretion and has been found to be more sensitive 

than FDG for detecting prostate and urinary tract 
cancers. Its uptake in malignant cells largely reflects 
the increased cell membrane synthesis in proliferat-
ing tumors. However, it has the significant limita-
tion of a short half-life of 20 minutes, which limits its 
usefulness in centers with cyclotrons. Similar tracers 
labeled with 18F are under development.
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1. Which of the following statements is TRUE 
regarding PET/CT scans?
a. PET/CT is not used as widely as PET alone.
b. PET/CT imaging improves the sensitivity of 

PET scans.
c. A diagnostic CT scan is always included in 

a PET/CT scan.
d. PET/CT requires a contrast medium.

2. Which of the following statements is/are TRUE 
regarding the NOPR?
a. The NOPR is a medical registry that 

collects data on the impact of PET, as 
part of the Coverage with Evidence 
Development program of CMS.

b. PET resulted in a change in intended 
management for 38% of cases in the 
NOPR.

c. The NOPR does not directly measure the 
impact of PET on clinical outcome.

d. All are true.

3. Which of the following is/are TRUE regarding 
the correct use of PET?
a. Meticulous patient preparation is essential.
b. PET should not be performed if results 

will have no impact on subsequent 
management.

c. A PET/CT scan does not replace a 
diagnostic CT scan.

d. All are true.

4. 18F-FDG is a reliable tracer for visualization of 
tumors in the genitourinary tract.
a. True
b. False

5. Current applications of PET in gynecologic 
cancers include:
a. diagnosing ovarian cancer to avoid up-front 

debulking surgery.
b. identifying small nodal deposits in patients 

with uterine cancer.
c. detecting extra-pelvic metastasis to deselect 

patients from pelvic exenteration.

6. For patients with myeloma, PET is sensitive in 
detecting bone lesions, and MRI is sensitive in 
detecting spinal involvement.
a. True
b. False

7. Which of the following statements is FALSE 
regarding PET in pancreatic/hepatobiliary 
cancers?
a. PET shows high sensitivity in detection of 

metastases for pancreatic cancer.
b. False positive results can occur for patients 

with biliary stents or cholangitis.
c. Hepatocellular tumors are more FDG-avid 

than pancreatic tumors.
d. Detection of recurrence by PET may be 

useful in hepatocellular cancer as additional 
therapeutic options are available. 

8. Which of the following is NOT an application 
of PET in thyroid cancer? 
a. PET performed for other purposes that 

leads to incidental discovery of potentially 
malignant thyroid nodules

b. Detection of metastatic MTC
c. Restaging of previously treated patients 

with elevated Tg but negative I-131
d. Diagnosis of Hurthle cell cancer

9. PET is a promising tool for treatment 
monitoring in:
a. GISTs.
b. glioma.
c. myeloma.
d. uterine cancer.

10. Which of the following statements is/are TRUE 
regarding future developments of PET?
a. 18F-FDG may achieve widespread use for 

diagnosis of prostate cancer.
b. 11C-choline will likely replace 18F-FDG in 

detecting 131I-positive recurrent thyroid 
cancer.

c. 18F-FLT may be used to detect proliferation.
d. All are true.

Post-test Please circle the correct answer on the enclosed answer sheet.
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Post-Test Answer Sheet
Please circle one answer per question. A score of at least 70% on the post-test is required.

 1. a b c d  6. a b

 2. a b c d  7. a b c d

 3. a b c d  8. a b c d

 4. a b  9. a b c d

 5. a b c  10. a b c d

The activity content helped me to achieve the following objectives:
(1 = Strongly disagree; 3 = Not sure; 5 = Strongly agree)

Describe the various context-specific applications of PET scanning in oncology.

 1 2 3 4 5

Identify important general and technical precautions to be observed when applying the technology.

 1 2 3 4 5

Make disease-specific recommendations on the use of PET scanning for initial or subsequent treatment evalua-
tions in patients with different types of cancer.

 1 2 3 4 5

Summarize the strengths and limitations of data collected and analyzed by the National Oncologic PET 
Registry.

 1 2 3 4 5

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

You were satisfied with the overall quality of this activity.

 Strongly agree Agree Undecided Disagree Strongly disagree

Participation in this activity changed your knowledge/attitudes

 Strongly agree Agree Undecided Disagree Strongly disagree

You will make a change in your practice as s result of participation in this activity.

 Strongly agree Agree Undecided Disagree Strongly disagree

The activity presented scientifically rigorous, unbiased, and balanced information. 

 Strongly agree Agree Undecided Disagree Strongly disagree

Individual presentations were free of commercial bias.

 Strongly agree Agree Undecided Disagree Strongly disagree
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