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Commentary

Positron-emitting 18F-2-deoxy-2-fluoro-D-glucose:
potential ‘hot’ new therapy
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Abstract
Preclinical studies suggest that 18F-2-deoxy-2-fluoro-D-glucose (18F-FDG) kills breast cancer cells
without significant marrow toxicity or parenchymal toxicity. Radiation dose calculations estimated from
fluorodeoxyglucose positron emission tomography images in women with metastatic disease indicate
that 18F-FDG should be a feasible and safe option in humans. Because the available radiotherapeutic
agents, strontium 89 and samarium 153 provide palliation to a limited population of women with bony
metastases, new radiopharmaceutical agents with broader applicability are needed. The development
of 18F-FDG as the first positron-emitting radiotherapeutic has the potential to be an innovative
treatment, not only in osteoblastic disease, but also in osteolytic disease and in soft tissue metastases.
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Moadel and colleagues have explored the potential use of
18F-2-deoxy-2-fluoro-D-glucose (18F-FDG), a positronemitting agent, as a radiomolecular therapy in the management of advanced breast cancer. In two separate
transgenic mouse models of breast cancer, they demonstrated the feasibility and the efficacy of 18F-FDG as a
treatment for metastatic disease. After 18F-FDG treatment,
the mammary glands were removed from the mice and
were examined for evidence of tumor cell kill. Apoptotic
changes were observed in small tumors (< 1 cm) and
necrosis was observed in larger lesions. To determine what
the radiation dose would be in patients with breast cancer,
the authors extrapolated the preclinical information to the
fluorodeoxyglucose positron emission tomography (FDG
PET) images from five women with widely disseminated
breast cancer. The dose of radiation delivered was calculated according to the standard uptake value at the site of
disease. Moadel and colleagues conclude that 18F-FDG
therapy could be safely administered to these individuals
without the risk of significant red marrow toxicity [1].
Samarium 153 and strontium 89 are the only radiopharmaceutical agents to date that are used to treat women with
18F-FDG

breast cancer. Both are approved for the management of
bone metastases, which develop in more than 70% of
women with advanced breast cancer and are the source
of significant morbidity. Both agents are most effective in
patients who have diffuse osteoblastic disease and who
are also treated with external beam radiation to areas of
significant tumor burden. These two available agents
appear to be equivalent in efficacy, although samarium 153 may produce less myelosuppression [2,3].
Samarium 153 and strontium 89 may also provide meaningful but short-lived palliation of bone pain. However,
bone metastases are rarely the sole site of metastatic
disease. An obvious advantage of 18F-FDG is that it could
be used to treat both skeletal disease and extra-skeletal
disease.
Presumably if a lesion can be imaged by FDG PET then it
can also be treated with 18F-FDG. Because FDG PET has
been shown to be superior to conventional radiography,
the Food and Drugs Administration has approved FDG
PET imaging in the staging of advanced breast cancer and
in the assessment of response to treatment [4–8]. In
women with locally advanced breast cancers, FDG PET

= 18F-2-deoxy-2-fluoro-D-glucose; FDG PET = fluorodeoxyglucose positron emission tomography.
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may be more accurate than computerized tomography in
identifying internal mammary and mediastinal nodes [9].
Similar to multiple myeloma, the bone lesions produced by
breast cancer may be purely osteolytic. In such instances
the serum alkaline phosphatase and bone scintigraphy
may be entirely normal. FDG PET may be more effective
than conventional radiography and bone scintigraphy in
identifying osteolytic disease [10]. If this is the case 18FFDG may prove superior to samarium 153 and strontium 89. If FDG PET identifies disease with greater
resolution than conventional radiography, then presumably
18F-FDG may also be able to control more disease.
With our present resolution capabilities, FDG PET is
unlikely to supplant surgery for staging newly diagnosed
breast cancers. Sentinel node mapping appears to be
superior to FDG PET staging of the axilla as FDG PET is
unable to identify micrometastatic disease and small
amounts of macrometastatic disease in the axilla. It seems
unlikely at this time that 18F-FDG will have a role in the
treatment of early stage disease [11].

More than 80,000 women each year are diagnosed with
metastatic breast cancer. In this setting the goal of intervention with chemotherapy and hormonal therapies is to
provide palliation. After hormonal therapies have been
exhausted, sequential single-agent chemotherapy is advocated. Even combinations of cytotoxic chemotherapy do
not appear to alter patient survival. The addition of the
humanized antibody to the her-2 protein Herceptin has
recently been shown to improve survival when it is
co-administered with first-line chemotherapy [15].
Newer agents that are targeted at unique aspects of
tumor biology are the hope for the future. These targeted
agents are often used in conjunction with conventional
agents. 18F-FDG will possibly be used in combination with
other systemic therapies. The refinement of ways to target
radiation therapy to the tumor is an important avenue to
pursue. Moadel and colleagues are to be congratulated
for taking the steps to develop a positron-emitting agent
for use in the breast cancer arsenal.
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The uptake of 18F-FDG varies according to the tumor histology, the microvasculature, the proliferative rate, the tumor
cell density and the degree of necrosis. 18F-FDG uptake
requires the tumor to have the ability both to incorporate
glucose into the cell and to phosphorylate glucose to
glucose-6-phosphate [12,13]. Breast cancer is a heterogeneous disease with distinct natural histories defined by histologic type, by tumor grade, by the presence or absence of
hormone receptors and by the her-2 expression. Recognizing the variability of the disease, it is not surprising that
18F-FDG uptake varies from patient to patient and may even
vary from metastasis to metastasis in the same patient
[12,14]. Because the delivered dose of radiation is calculated by the standard uptake value, the differences in FDG
PET uptake have implications for determining the radiation
dose at different sites following 18F-FDG therapy.
Even in the palliative setting, the toxicity of treatment must
be minimized. At present, most of the women who receive
strontium 89 or samarium 153 already have some degree
of marrow compromise as a result of prior cytotoxic
therapy, external beam irradiation and tumor infiltration.
Even small doses of radiation to the red marrow may
impact blood counts.
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Moadel and colleagues acknowledge that uptake of
18F-FDG by the brain is “impossible to avoid” and provides a dose of 570 cGy [1]. Similarly muscle, both skeletal muscle and cardiac muscle, may incorporate 18F-FDG.
The muscle uptake of 18F-FDG may be decreased by the
patient fasting or by administering benzodiazepines.
Whether corticosteroids will decrease edema and inflammation in the brain will need to be determined.

References
1.

2.
3.

4.

5.

6.

7.

8.

9.

Moadel RM, Nguyen AV, Lin EY, Lu P, Mani J, Blaufox MD, Pollard
JW, Dadachova E: Positron emission tomography agent 2deoxy-2-18F-fluoro-D-glucose as a therapeutic potential in
breast cancer. Breast Cancer Res 2003, 5:R199-R205.
Silberstein EB: Systemic radiopharmaceutical therapy of
painful osteoblastic metastases. Semin Radiat Oncol 2000, 10:
240-249.
Serafini AN, Houston SJ, Resche I, Quick DP, Grund FM, Ell PJ,
Bertrand A, Ahmann FR, Orihuela E, Reid RH, Lerski RA, Collier
BD, McKillop JH, Purnell GL, Pecking AP, Thomas FD, Harrison
KA: Palliation of pain associated with metastatic bone cancer
using samarium-153 lexidonam: a double-blind placebo-controlled clinical trial. J Clin Oncol 1998, 16:1574-1581.
Hoh CK, Hawkins RA, Glaspy JA, Dahlbom M, Tse NY, Hoffman
EJ, Schiepers C, Choi Y, Rege S, Nitzsche E, et al.: Cancer
detection with whole-body PET using 2-[18F]fluoro-2-deoxyD-glucose. J Comput Assist Tomogr 1993, 17:582-589.
Moon DH, Maddahi J, Silverman DH, Glaspy JA, Phelps ME, Hoh
CK.: Accuracy of whole-body fluorine-18-FDG PET for the
detection of recurrent or metastatic breast carcinoma. J Nucl
Med 1998, 39:431-435.
Smith IC, Welch AE, Hutcheon AW, Miller ID, Payne S, Chilcott F,
Waikar S, Whitaker T, Ah-See AK, Eremin O, Heys SD, Gilbert FJ,
Sharp PF: Positron emission tomography using [18F]-fluorodeoxy-D-glucose to predict the pathologic response of breast
cancer to primary chemotherapy. J Clin Oncol 2000, 18:16761688
Schelling M, Avril N, Nahrig J, Kuhn W, Romer W, Sattler D,
Werner M, Dose J, Janicke F, Graeff H, Schwaiger M: Positron
emission tomography using [18F]fluorodeoxyglucose for
monitoring primary chemotherapy in breast cancer. J Clin
Oncol 2000, 18:1689-1695.
Mortimer JE, Dehdashti F, Siegel BA, Trinkaus K, Katzenellenbogen JA, Welch MJ: Metabolic flare: indicator of hormone
responsiveness in advanced breast cancer. J Clin Oncol 2001,
19:2797-2803.
Eubank WB, Mankoff DA, Takasugi J, Vesselle H, Eary JF, Shanley
TJ, Gralow JR, Charlop A, Ellis GK, Lindsley KL, Austin-Seymour
MM, Funkhouser CP, Livingston RB: 18Fluorodeoxyglucose
positron emission tomography to detect mediastinal or internal mammary metastases in breast cancer. J Clin Oncol 2001,
19:3516-3523.

Available online http://breast-cancer-research.com/content/5/6/329

10. 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.
11. Guller U, Nitzsche E, Moch H, Zuber M. Is positron emission
tomography an accurate non-invasive alternative to sentinel
lymph node biopsy in breast cancer patients? J Natl Cancer
Inst 2003, 95:1040-1043.
12. Bos R, van Der Hoeven JJ, van Der Wall E, van Der Groep P, van
Diest PJ, Comans EF, Joshi U, Semenza GL, Hoekstra OS, Lammertsma AA, Molthoff CF: Biologic correlates of 18fluorodeoxyglucose uptake in human breast cancer measured by
positron emission tomography. J Clin Oncol 2002, 20:379387.
13. Avril N, Rose CA, Schelling M, Dose J, Kuhn W, Bense S, Weber
W, Ziegler S, Graeff H, Schwaiger M: Breast imaging with
positron emission tomography and fluorine-18 fluorodeoxyglucose: use and limitations. J Clin Oncol 2000, 18:
3495-3502.
14. Mortimer JE, Dehdashti F, Siegel BA, Katzenellenbogen JA, Fracasso P, Welch MJ: Positron emission tomography with 2-[18F]
α-[18F] fluoro-17β
β-estradiol
fluoro-2-deoxy-D-glucose and 16α
in breast cancer: correlation with estrogen receptor status
and response to systemic therapy. Clin Cancer Res 1996;
2:933-939.
15. Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Fleming T, Eiermann W, Wolter J, Pegram M, Baselga J,
Norton L: Use of chemotherapy plus a monoclonal antibody
against HER2 for metastatic breast cancer that overexpressed HER2. New Engl J Med 2001, 344:783-792.

Correspondence
Joanne Mortimer, MD, Eastern Virginia Medical School, Sentara
Cancer Institute, 600 Gresham Drive, Norfolk, VA 23430, USA. Fax:
+1 757 668 5225; e-mail: mortimje@EVMS.edu

331

