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PET has emerged as a powerful diagnostic tool for the evaluation of cancer patients. Currently, most of these studies are
performed with the glucose analog 18F-FDG, which has
been shown to accumulate avidly in most tumors. 18F-FDG
PET is now routinely used in the diagnosis, staging, and
posttherapy evaluation of oncologic patients. After reading
this paper, the reader should understand the physiologic
basis of using 18F-FDG in patients with different tumors,
describe the role of this radiopharmaceutical in the management of oncologic patients, and identify those malignancies
for which 18F-FDG has proved to be effective in diagnosis
and follow-up.
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etabolic imaging has recently become a reality in
clinical practice. 18F-FDG is by far the most widely used
positron-emitting radiopharmaceutical used for PET imaging. The estimated number of PET studies in the United
States grew from 69,000 in 1998 to 155,000 in 2000 (1).
Several factors have contributed to the proliferation of
this technology. First, 18F-FDG PET has shown clinical
usefulness in a variety of scenarios (mostly oncology and, to
a lesser extent, cardiology and neurology). Second, recent
advances such as the development of sodium iodide– based
PET cameras have made the technology more affordable,
which has caused 18F-FDG to become more widely available from commercial pharmacies. A third factor was the
1998 decision of the Center for Medicare and Medicaid
Services to expand coverage to 5 major indications (lung
cancer, head and neck cancer, colorectal cancer, melanoma,
and lymphoma).
This article reviews the oncologic clinical applications of
18
F-FDG imaging, discusses the rationale behind its use,
and describes its usefulness for different malignancies.
18

F-FDG as a Positron Emitter
18

F, a cyclotron-produced radionuclide with a half-life of
110 min, is usually obtained by bombarding 18O-water with
a proton to obtain 18F from an [18O (p,n) 18F] reaction. After
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production of this radioisotope, the next step is integration
of the 18F into the glucose molecule in position 2, yielding
18
F-fluoro-2-deoxyglucose. The details of this complex process have been described elsewhere (2).
18
F-FDG competes with “normal” glucose to be incorporated into the cell by a membrane carrier–facilitated transport mechanism (usually by glucose transporter 1 protein,
which is located in the cell membrane). Once inside the cell,
18
F-FDG is phosphorylated into 18F-FDG-6-phosphate,
which remains trapped because it is a polar compound that
cannot be further metabolized. The 18F-FDG-6-phosphate
molecule can be dephosphorylated to 18F-FDG by the enzyme glucose-6-phosphatase. This process will be slower in
cancer cells than in nonmalignant cells because the former
have relatively low levels of this enzyme (3).
18

F-FDG in Clinical Oncology

The transport and phosphorylation of 18F-FDG to 18FFDG-6-phosphate occurs at a higher rate in cancer cells than
in normal cells. This is thought to be mostly caused by
relatively higher levels of glucose transporters and possibly
the action of the enzyme hexokinase (4). Because of this
relatively increased avidity of neoplastic cells for glucose,
18
F-FDG will accumulate at higher rates in tumor cells than
in nonneoplastic cells (5) and is the basis for using 18F-FDG
as a tumor marker in current clinical practice. By collecting
tomographic data using either a dedicated PET scanner or a
modified SPECT gamma camera with coincidence capability, one can obtain functional information to differentiate
benign from malignant conditions (6).
Although 18F-FDG PET or SPECT imaging has been
investigated for a wide variety of tumors, PET is currently
recommended by the Society of Nuclear Medicine only for
detecting and localizing unknown primary tumors, differentiating malignant from benign tissues, staging and evaluating recurrence, differentiating recurrence from postsurgical
changes, and monitoring the response to therapy (7).
Patient Preparation

For diagnostic-quality images, patients should have
fasted for at least 4 h before the study, and blood sugar
levels should be within the reference range. These requirements are especially important in diabetic patients, in whom
high glucose levels can alter the distribution of 18F-FDG.
When plasma glucose levels are greater than reference
values, 18F-FDG uptake increases in muscles, with subse-
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quent blurring of tumor margins; in contrast, glucose use by
most types of cancer does not seem to depend on plasma
glucose levels. Therefore, more 18F-FDG is taken up by
cancer cells when the extracellular concentration of glucose
is low, enhancing tumor detectability (8). Usually 185–555
MBq (5–15 mCi) are injected intravenously 45– 60 min
before scanning. Emission and transmission scans are acquired following different protocols, each one designed for
the type of tumor to be studied and the clinical question to
be addressed. For assessment of regional disease, detailed
imaging of a region of the body is recommended, and
attenuation correction is usually needed (e.g., detection of
mediastinal lymph node involvement in lung cancer). However, for screening for metastatic disease, whole-body imaging may be more appropriate (e.g., presurgical evaluation
of patients with recurrent colorectal cancer).
Clinical Applications

Lung Cancer. Lung cancer is the leading cause of death
from cancer and one of the most diagnosed malignancies
worldwide, with an estimated 178,100 cases and 160,400
deaths per year in the United States alone (9). Prognosis
depends mainly on histologic type and stage at initial diagnosis.
For clinical purposes, lung cancer is divided into the
small cell and non–small cell types. Small cell lung cancer
is typically central, with extensive mediastinal adenopathy,
and is strongly associated with smoking. Non–small cell
lung cancer refers to 3 types of histologically different
tumors: adenocarcinoma, usually peripheral, with early development of metastases and, commonly, malignant pleural
effusion; squamous cell (epidermoid) carcinoma, usually
central, with late development of distant metastases and
more related to smoking; and large cell carcinoma, commonly a large, peripheral mass. Early-stage non–small cell
lung cancer is usually treated surgically, with resection of
the primary tumor and mediastinal lymph nodes. Late-stage
cancer (when lymph node metastases are present on the
opposite side of the chest or distant metastases are present in
the liver, adrenals, or other organs) is usually treated with
radiotherapy, chemotherapy, or a combination of both. Currently, no surgical curative approach has become widely
accepted for small cell lung cancer, which is basically
treated with chemotherapy and radiation therapy (10,11).
18
F-FDG PET is used in the initial staging of newly
diagnosed lung cancer and has been proven superior to CT
or MRI in the evaluation of lymph node metastases (Table
1) and distant metastases (Fig. 1). The 18F-FDG PET study
guides the final therapeutic approach because it differentiates surgical from nonsurgical candidates by accurately
depicting the clinical stage (12–15). In addition, PET is
especially useful when one is assessing the presence of
adrenal metastases, up to 78% of which can be missed by
CT or MRI (16,17).
Preliminary results also suggested a potential role for
18
F-FDG in assessing the response to therapy or in following up lung cancer. Increased or persistent 18F-FDG uptake
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TABLE 1
F-FDG PET vs. CT in Mediastinal Lymph Node
Staging of Lung Cancer

Study

Imaging
type

18
Sasaki
F-FDG PET
et al. (15) Chest CT
18
Wahl
F-FDG PET
et al. (14) Chest CT
18
Pieterman
F-FDG PET
et al. (13) Chest CT

Sensitivity Specificity Accuracy
76
65
82
64
91
75

100
87
81
44
86
66

93
82
81
52
87
69

Data are percentages.

focally in lesions that had been previously treated is usually
indicative of residual or recurrent neoplasia (18).
Single Pulmonary Nodule. Incidental masses discovered
by chest radiography or CT can be evaluated with 18F-FDG
(Fig. 2). An increased metabolic rate in single pulmonary
nodules has been shown to strongly indicate malignancy. In
a prospective evaluation of patients with single pulmonary
nodules, 18F-FDG PET yielded a sensitivity of 90% and a
specificity of 83% for detecting neoplastic lesions. The
main source of false-positive findings was tuberculosis, and
the most frequent area was the right upper lung (19).
Quantitative analysis can be performed using a standard
uptake value, which can be calculated by dividing the mean
activity in the region of interest drawn around the lesion
(MBq/mL) by the injected dose (MBq) divided by the body
weight (g):
SUV ⫽

mean activity 共MBq/mL兲
.
injected dose 共MBq兲/body weight 共 g兲

Tracer uptake is determined from a small region of interest
placed over the tumor as seen on an attenuation-corrected
image. Because 18F-FDG is not taken up by adipose tissue,
the standard uptake value is more reproducible when the
lean body mass (derived from measurements of both height
and weight) is substituted for patient weight in the formula
above.
Using this quantitative approach, Lowe et al. (20) found
a cutoff point of 2.5 to be an accurate indicator of malignancy. More interestingly, characterization of single pulmonary nodules with 18F-FDG PET and CT has been reported
to be the most cost-effective strategy, with yearly national
potential savings of $62.7 million (21).
Cancer of Colon and Rectum. Colorectal cancer is one of
the most common cancers in the United States. Approximately 130,000 cases are diagnosed each year. After resection for cure of the primary tumor, 55% of these patients
will experience recurrence, mostly to the liver, which is the
major site of metastatic involvement 30% of the time (22).
Before any surgery is planned, patients should be accurately
screened for extensive disease to avoid unnecessary operations and exposure to possible postsurgical complications.
CT has a sensitivity of approximately 85% for depicting
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FIGURE 1. Patient with history of carcinoma of left lung with left axillary lymph node
metastases. 18F-FDG PET depicted other unsuspected metastatic sites in both axilla (arrow,
right panel) and paratracheal nodes (arrow,
center panel).

liver involvement and 33%–94% for detecting extrahepatic
sites of metastatic involvement such as lymph nodes or
omentum. Because of these limitations, a significant number
of patients thought to be candidates for curative resection
will be found to have nonresectable disease during surgical
exploration. The addition of an 18F-FDG PET whole-body
scan to the presurgical evaluation of these patients improves
candidate selection because of higher sensitivity for liver
extension (95%–100%) and extrahepatic involvement
(33%–94%) (23,24).
PET can also clarify abnormal CT findings (Fig. 3) and
may depict unsuspected metastases (25). This modality can
find unidentified sites of disease in patients with abnormal
carcinoembryonic antigen levels (a tumor marker) and a
negative work-up with conventional diagnostic modalities
(26). Indeed, metabolic imaging with 18F-FDG in patients
with colorectal cancer has been proven to be a cost-effective
technique that often alters patient management. Valk et al.
(23) found per-patient average savings of $3,003 when PET
was added to the diagnostic work-up of patients with colorectal cancer before surgery; 18F-FDG scanning was able to
differentiate patients with nonresectable (extensive) disease
from patients with resectable disease, thus avoiding unnec-

essary surgical procedures (e.g., liver or lung resection).
Table 2 shows the number of patients whose management
was changed because of PET findings, resulting in better
patient management and health care cost savings.
Lymphoma. This malignancy arises from T or B lymphocytes (immune cells) and accounts for ⬍8% of all malignant
tumors. Lymphomas are classified as Hodgkin’s disease
(HD) and non-Hodgkin’s lymphoma (NHL). HD is less
frequent than NHL and, at an early stage, is usually confined
to lymph node territories, with progression to extralymphatic organs in more advanced stages. HD primarily involves intrathoracic structures, limited to the upper mediastinum in most cases, and usually presents as enlargement
of supradiaphragmatic lymph nodes with or without associated symptoms. NHL is usually widespread at the time of
presentation, extending outside the lymphatic territories and
commonly involving bone marrow, which heralds a poor
prognosis (27).
67
Ga-citrate whole-body imaging has been the method of
choice in the work-up of patients with newly diagnosed HD
and NHL. However, in an increasing number of patients the
disease is not gallium avid. 18F-FDG PET has proven to be
a cost-effective way of staging these tumors, being equal or

FIGURE 2.

Patient with right lower lobe
nodule on CT (not shown) and adrenal mass on
right side. 18F-FDG PET shows primary neoplasm in right lower lobe (arrow, left and right
panels) and right adrenal gland metastases (arrow, middle panel).
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18
F-FDG PET in presurgical
staging of patients with colorectal cancer and
hepatic metastases. This patient presented
with history of adenocarcinoma of sigmoid colon and large liver lesion found on CT. PET
showed liver metastases but no disease elsewhere. Patient was then considered for liver
resection.

FIGURE 3.

superior to CT for detection of nodal and extranodal involvement (28,29). Also, 18F-FDG PET has been found to
detect significantly more abnormal regions than has 67Ga in
staging HD, suggesting more extensive disease (30).
The results of a multicenter European trial that was
presented at the 46th annual meeting of the Society of
Nuclear Medicine compared 18F-FDG PET with CT for
primary staging of malignant lymphoma in 93 patients.
18
F-FDG PET showed significantly more negative and positive correct findings for both HD and NHL. More interestingly, in the NHL group, 18F-FDG PET was significantly
more accurate for extranodal disease (31).
Another advantage of 18F-FDG PET over 67Ga is better
visualization of small tumors. PET can also depict central
tumor necrosis better than CT. In suspected central nervous
system involvement, 18F-FDG PET can also be used to
differentiate between inflammatory lesions and tumor extension—an issue that can be difficult in HIV-positive patients (32).
Finally, PET can successfully evaluate tumor viability
after chemotherapy and radiation therapy, allowing the clinician to reassess patient treatment. CT cannot distinguish
between viable tumor and fibrosis or scar tissue. However,
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increased 18F-FDG uptake in equivocal masses discovered
by CT has an accuracy of ⬎90% for tumor viability (33).
Melanoma. The incidence of this cutaneous malignancy
has steadily increased over the past decade. It is estimated
that 1 of 74 newborns in the United States, will develop
melanoma during his or her lifetime. A multimodality approach is the usual option for treatment and includes either
immunotherapy or surgical excision of the primary lesion
followed by chemotherapy, depending on the extent of the
disease (34). Although several positron emitters have been
studied for melanoma, 18F-FDG is the most widely used
because malignant melanoma has one of the highest 18FFDG uptakes of all tumors (35). Whole-body 18F-FDG PET
has a reported sensitivity of 92% and a specificity of 77%
for screening for metastases from malignant melanoma and
is also indicated when lymph node involvement is suspected
(36,37).
Head and Neck Cancer. Head and neck cancer comprises
approximately 4% of all newly diagnosed cases of cancer.
Most of these tumors are squamous cell carcinoma originating from mucosal structures (38). These tumors usually
have a poor prognosis, and accurate initial staging is mandatory before any surgical intervention is planned. Particu-

TABLE 2
F-FDG PET in Surgical Management of Patients with Colorectal Cancer
No. of patients

Change in management

Beets et al. (25)

14/23

Ogunbiyi et al. (24)
Schiepers et al. (54)

10/58
11/76

Valk et al. (23)

25/78

Avoided surgery in 6 patients
Showed pelvic recurrence in 1 patient with rising carcinoembryonic antigen level
Excluded pelvic recurrence in 3 patients
Correctly depicted pelvic recurrence in 4 patients with equivocal findings on CT
Detected multiple hepatic lesions
Detected 14 unexpected new lesions outside liver in 10 patients
Found primary breast cancer in 1 patient
Resulted in per-patient savings of $3,003
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FIGURE 4.

Patient with history of squamous cell carcinoma of oropharynx who was
sent for PET scan to assess response to treatment. PET scan showed 2 new lesions: 1 intrapulmonary (arrow, middle panel) and 1 in
right upper ribs (arrow, left panel). In addition,
primary tumor appeared unchanged.

lar attention to whether the disease has spread to lymph
nodes on the same or opposite side of the neck is of major
importance. The location of spread dictates whether the
lymph nodes will be excised from one or both sides of the
neck. PET has been found to have a sensitivity of 86% and
a specificity of 87% for locating the primary tumor. Moreover, 18F-FDG imaging is more accurate for detecting local
lymph node involvement and distant metastatic disease
(Fig. 4) (39). Recently, whole-body 18F-FDG PET has also
been found to produce significant net cost savings by allowing avoidance of unnecessary surgery or radiotherapy in
unsuspected distant recurrence (23). 18F-FDG PET has also
been found useful for the detection of occult primary carcinoma in patients presenting with neoplastic involvement
of lymph nodes in the head and neck (40).
Other Applications. Breast cancer is the most common
malignancy in women and comprises 18% of all gynecologic cancer. In recent years, its incidence has been noted to
be rising, in part because of an increased number of early

detection programs (41). Axillary lymph node metastasis is
perhaps the single most important prognostic factor in
breast cancer (42). 18F-FDG PET has been shown to have
variable results for axillary lymph node staging, with an
accuracy ranging from 69% to 95%, and therefore cannot be
used as a substitute for lymph node dissection (43– 47).
However, 18F-FDG PET is superior to bone scintigraphy in
detecting osteolytic bone metastases (48). This better detection may allow more accurate staging and assessment of
response to therapy (49) or may aid in developing new
treatment strategies (Fig. 5).
The second most common gynecologic cancer is ovarian
cancer, with an incidence of approximately 10 cases per
10,000 women in western countries. Because of the high
proportion of women in whom disease has spread beyond
the ovaries at the time of diagnosis, the survival rate is still
disappointingly low (50). Therefore, early diagnosis and
accurate assessment of tumor extension at initial presentation is extremely important. Hubner et al. (51) found a 93%

FIGURE 5. PET in staging of breast cancer.
This patient presented with newly diagnosed
breast carcinoma with suspected liver metastases. In addition, PET showed extensive
lymph node involvement in right axilla (arrow),
neck (bilaterally), and mediastinum (arrowhead).
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TABLE 3
F-FDG PET in Other Malignancies

Tumor type
Mesothelioma
Hepatic tumors
Germ cell carcinoma
Musculoskeletal sarcoma

Results
Sensitivity, 91%
Specificity, 100%
Earlier depiction of response to therapy with 18F-FDG than with CT
or tumor markers
Accuracy of 90% in seminomas and 81% in nonseminomas
Sensitivity, 81%
Specificity, 100%

sensitivity and an 82% specificity when evaluating patients
with primary ovarian cancer using 18F-FDG PET. More
recently, PET has been shown to improve the diagnostic
accuracy of sonography for evaluating asymptomatic ovarian masses (52) and performed better than CT for detecting
suspected recurrence, although the detection of microscopic
peritoneal disease remains a challenge (53).
18
F-FDG PET has also been used for other types of
cancer. In general, PET has been reported to affect patient
management and aid in the characterization of abnormal
findings by other imaging modalities. These results are
summarized in Table 3. Although 18F-FDG does not have a
well-established role in bladder, prostate, kidney, and endocrine gland tumors, research is ongoing and the role is
expected to clarify.
CONCLUSION

Since the time that PET evolved from the research setting
to the clinical setting, most studies have been performed
with 18F-FDG. This radioactive glucose analog has been
able to provide important information in different clinical
settings, especially in oncology. Although initially regarded
as an expensive test, 18F-FDG PET supplies the clinician
with functional and metabolic information not available
from any other tool used clinically. Increased 18F-FDG
production at a lower cost, in conjunction with technical
developments in camera design and manufacturing, is expected to make this test more widely available and probably
to lower its cost. Active research with other positron-emitting compounds, such as 11C-choline, 18F-acetate, and 11Cmethionine, is already taking place at several institutions.
Thus, technologists who are currently involved in conventional nuclear medicine imaging will likely sooner, rather
than later, be working with 18F-FDG imaging.
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Steinert HS, Huch-Böni RA, Buck A, et al. Malignant melanoma: staging
with whole-body positron emission tomography and 2-[F-18]-fluoro-2deoxy-d-glucose. Radiology. 1995;195:705–709.
Vokes EE, Weischselbaum RR, Lippman SM, Hong WK. Head and neck
cancer. N Engl J Med. 1993;328:184 –194.
Lang O, Schneider K, Breuning A, et al. Head and neck (H&N) cancer:
value of F-18-FDG-PET in primary staging and suspicion of recurrence
[abstract]. J Nucl Med. 1999;40(5 suppl):63P.
Jungehulsing M, Scheidhauer K, Damm M, et al. 2[F]-fluoro-2-deoxy-Dglucose positron emission tomography is a sensitive tool for the detection
of occult primary cancer (carcinoma of unknown primary syndrome) with
head and neck lymph node manifestation. Otolaryngol Head Neck Surg.
2000;123:294 –301.

VOLUME 30, NUMBER 1, MARCH 2002

41. McPherson K, Steel CM, Dixon JM. ABC of breast diseases, breast cancerepidemiology, risk factors, and genetics. Br Med J. 2000;321:624 – 628.
42. Carter CL, Allen C, Henson DE. Relation of tumor size, lymph node status,
and survival in 24 740 breast cancer cases. Cancer. 1989;63:181–187.
43. Tse NV, Hoh CK, Hawkins RA, et al. The application of positron emission
tomographic imaging with fluorodeoxyglucose to evaluation of breast disease. Ann Surg. 1992;216:27–34.
44. Adler LP, Crowe JP, al-Kaisi NK, Sunshine JL. Evaluation of breast masses
and axillary lymph nodes with [F-18] 2-deoxy-2-fluoro-D-glucose PET.
Radiology. 1993;187:743–750.
45. Scheidhauer K, Scharl A, Pietrzyk U, et al. Qualitative [18F]FDG positron
emission tomography in primary breast cancer: clinical relevance and
practicability. Eur J Nucl Med. 1996;23:618 – 623.
46. Avril N, Dose J, Janicke F, et al. Metabolic characterization of breast
tumors with positron emission tomography using F-18 fluorodeoxyglucose.
J Clin Oncol. 1996;14:1848 –1857.
47. Utech CI, Young CS, Winter PI. Prospective evaluation of fluorine-18
fluorodeoxyglucose positron emission tomography in breast cancer for
staging of the axilla related to surgery and immunocytochemistry. Eur
J Nucl Med. 1996;23:1588 –1593.
48. Cook GJ, Houston S, Rubens R, Maisey MN, Fogelman I. Detection of
bone metastases in breast cancer by 18FDG PET: differing metabolic
activity in osteoblastic and osteolytic lesions. J Clin Oncol. 1998;16:3375–
3379.
49. Jansson T, Westlin JE, Ahlstrom H, Lilja A, Langstrom B, Bergh J. Positron
emission tomography studies in patients with locally advanced and/or
metastatic breast cancer: a method for early therapy evaluation? J Clin
Oncol. 1995;13:1470 –1477.
50. Kristensen GB, Trope C. Epithelial ovarian carcinoma. Lancet. 1997;349:
113–117.
51. Hubner KF, McDonald TW, Niethammer JC, Smith GT, Gould HR, Buonocore E. Assessment of primary and metastatic ovarian cancer by positron
emission tomography (PET) using 2-[18F]-deoxyglucose (2-(18F)FDG). Gynecol Oncol. 1993;51:197–204.
52. Grab D, Mock F, Stohr I, et al. Classification of asymptomatic adnexal
adrenal by ultrasound, magnetic resonance, and positron emission tomography. Gynecol Oncol. 2000;77:454 – 459.
53. Kubik-Huch RA, Dorffler W, VonSchulthess GK, et al. Value of (18F)-FDG
positron emission tomography, computed tomography, and magnetic resonance imaging in diagnosing primary and recurrent ovarian carcinoma. Eur
Radiol. 2000;10:761–767.
54. Schiepers C, Penninckx F, DeVadder N, et al. Contribution of PET in the
diagnosis of recurrent colorectal cancer: comparison with conventional
imaging. Eur J Surg Oncol. 1995;21:517–522.
55. Bénard F, Sterman D, Smith RJ, Kaiser LR, Albelda SM, Alavi A. Metabolic imaging of malignant pleural mesothelioma with fluorodeoxyglucose
positron emission tomography. Chest. 1998;114:713–722.
56. Nagata Y, Yamamoto K, Hiraoka M, et al. Monitoring liver tumor therapy
with [18F]FDG positron emission tomography. J Comput Assist Tomogr.
1990;14:370 –374.
57. Cremerius U, Effert PJ, Adam G, et al. FDG PET for detection and therapy
control of metastatic germ cell tumor. J Nucl Med. 1998;39:815– 822.
58. Adler LF, Blair HF, Makley JT, et al. Noninvasive grading of musculoskeletal tumors using PET. J Nucl Med. 1991;32:1508 –1512.

9

