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Introduction

Positron emission tomography (PET) imaging has come a long
way since its inception in the early 1970’s. It has matured rapidly
and has already established a firm foothold in the discipline
of oncology. The most commonly used radiopharmaceutical;
®F-fluorodeoxyglucose ("®F-FDG) can provide images of meta-
bolic activity that is vital in adding functional data to anatomic
details obtained by cross-sectional imaging such as computed
tomography (CT) and magnetic resonance imaging (MRI).

The mounting evidence of the benefit of PET imaging is now
sufficiently robust to support the establishment of facilities [1-3].
In the immediate future 85-90% of PET utilisation will be accoun-
ted for by the oncology services, with much smaller numbers
of scans being required for inflammatory, neurological and cardiac
conditions. Currently, the evidence base is expanding rapidly, and
this has invariably led to a growing number of validated clinical
indications for PET. However, it may be difficult to keep up with
the resources and infrastructure necessary for the number of ded-
icated PET establishments required to meet the demand. A good
example is in the UK where, as recently as in 2004, each PET
scanner served 8.6 million of the population, as compared to 1.02
million of the population in Germany [4]. Although more scanners
are being acquired in Europe and elsewhere, the current availability
is clearly not sufficient for the clinical requirements of the population.

Therefore, it is of utmost importance that this limited resource
is allocated and targeted towards the appropriate patients,
who will receive the most benefit in terms of clinical outcome,
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as well as cost benefit. It is also vital to maintain good clinical
practice and integrity, as well as practising evidence-based medi-
cine, as PET imaging will not be suitable for all pathologies.

There is a strong evidence base of the benefit of PET in lung
cancer, lymphoma, melanoma and colorectal cancer. There
is a rapidly expanding evidence base for oesophageal cancer,
head and neck cancer, and a wide range of less common can-
cers. Further specific indications may be specified within each
cancer group for the use of PET. These may include initial diagno-
sis and staging, assessment of recurrent disease, assessment
of response to therapy, and radiotherapy planning. The recent
development of hybrid PET-CT scanners has combined the two
modalities for optimum localisation of active tumours and signifi-
cantly improved the overall management of cancer [5].

This editorial is limited to the utility of '®8F-FDG PET in oncolo-
gy. The application of other PET radiopharmaceuticals will not be
discussed, but brief mention will be made when felt necessary.
The use of '8F-FDG PET in cardiology and neuro-psychiatry
is likewise outside the scope of this article.

We present an outline of the generic indications for '®F-FDG,
which is applicable to all malignancies, followed by a review of its
role in specific tumours. The latter is further subdivided into tu-
mours or associated clinical conditions where '®F-FDG is:

— definitely indicated;
— not indicated but may prove helpful;
— completely contraindicated.

These classifications are based on data obtained from one
or more of the following sources:

— randomised controlled clinical trials, meta-analyses and sys-
tematic reviews;

— robust experimental or observational studies;

— other evidence where the advice relies on expert opinion and
has the endorsement of respected authorities.

Since the references to the various clinical applications of PET
are numerous, we selected a list of useful readings that include
trials and reviews of the utility of PET in different types of tumours.
The listis shown under different headings in the references section.

Generic indications for '°F-FDG PET in oncology

— distinguishing benign from malignant disease e.g. lung nod-
ules, brain lesions etc;

— establishing the grade of malignancy e.g. brain tumours, soft
tissue masses;
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— establishing the stage of disease e.g. lung cancer, lymphoma etc;

— establishing whether there is recurrent or residual disease e.g.
lymphoma, teratoma, seminoma, etc;

— establishing the site of disease in the face of rising tumour
markers e.g. colorectal, germ cell tumours etc;

— establishing the response to therapy — pre, during and post
therapy imaging;

— identifying the primary site of a tumour for biopsy (either when
site is unknown but clinical indications are strongly pointing
to atumour e.g. paraneoplastic syndrome) or therapeutic pur-
poses;

— radiotherapy planning in certain types of tumours (e.g. PET-CT
in lung cancer).

Use of '®F-FDG PET in specific tumours

Lung carcinoma
8F-FDG PET is indicated in:

— differentiation of benign versus malignant lesions where ana-
tomical imaging or biopsies are inconclusive or there is a rel-
ative contraindication to biopsy;

— preoperative staging of lung cancer particularly non small cell
primary lung tumours;

— assessment of recurrent disease in previously treated areas
where anatomical imaging is unhelpful.

BF-FDG PET is not indicated but may help in:
— assessment of response to treatment.

Colorectal carcinoma
8F-FDG PET is indicated in:

— assessment of recurrent disease, particularly when markers
are raised and CT is negative;

— prior to surgical removal of liver metastases;

— prior to use of ®0Y-microsheres for ablation of liver metastasis.

F-FDG PET is not indicated but may help in:

— assessment of tumour response to chemotherapy or °Y-mi-
crospheres;

— assessment of a mass that is difficult to biopsy;

— assessment of neoadjuvant chemotherapy in colorectal cancer.

8F-FDG PET is not indicated in:
— assessment of polyps;
— staging of a known primary.

Lymphoma
F-FDG PET is indicated in:

— staging of Hodgkin's lymphoma and non Hodgkin's lymphoma;

— assessment of residual masses following treatment of active
disease;

— identification of possible disease sites when there is suspi-
cion of relapse following clinical assessment;

— assessment of early response to chemotherapy and response
following completion of chemotherapy;

— confirmation of remission.
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8F-FDG PET is not indicated but may help in:
— assessment of bowel lymphoma;
— assessment of bone marrow to guide biopsy.

Melanoma and other skin tumours
8F-FDG PET is indicated in

— malignant melanoma with known dissemination to assess
extent of disease;

— malignant melanoma in whom a sentinel node biopsy was not
or can not be performed in stage II.

8F-FDG PET is not indicated but may help in:
— staging of skin lymphomas.
8F-FDG PET is not indicated in:
— malignant melanoma with negative sentinel node biopsy.

Oesophageal and other Gl tumours
8F-FDG PET is indicated in:

— staging of primary oesophageal carcinoma;

— assessment of disease recurrence in previously treated
oesophageal carcinoma.

8F-FDG PET is not indicated but may help in:

— assessment of gastro-oesophageal malignancy and local me-
tastases;

— proven small bowel lymphoma to assess extent of disease.

F-FDG PET is not indicated in:
— routine assessment of neuroendocrine tumours. Receptor ima-
ging with ""In-octreoscan and '%Ga-DOTATATE is more helpful.

Pancreatic exocrine cancer
8F-FDG PET is indicated in:
— staging a known pancreatic primary.

8F-FDG PET is not indicated but may help in:
— differentiation of chronic pancreatitis from pancreatic carcinoma;
— assessment of pancreatic masses to determine benign
or malignant status.

Other head and neck tumours
8F-FDG PET is indicated in:

— identification of metastatic disease in the neck from a diag-
nosed malignancy;

— identify extent of the primary oropharyngeal cancer;

— identify tumour recurrence in previously treated carcinoma;

— identify recurrence of laryngeal cancer in previously treated
carcinoma;

— assessment of patients with differentiated thyroid carcinoma
who present with possible recurrent disease and showing
elevated thyroglobulin but negative iodine scan.

8F-FDG PET is not indicated but may help in:
— preoperative staging of known oropharyngeal tumours;
— search for primary with nodal metastases;
— staging known laryngeal tumours;
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identification of metastatic disease in the neck from a dia-
gnosed laryngeal cancer;

assessment of tumour recurrence in medullary carcinoma
of the thyroid.

8F-FDG PET is not indicated in:

differentiation of Sjogren’s syndrome from malignancy in the
salivary glands;

primary tumour of the parotid to distinguish benign from ma-
lignant disease;

routine assessment of patients with differentiated thyroid car-
cinoma with thyroglobulin positive recurrence and positive
radioiodine uptake.

Brain and spinal cord

F-FDG PET is indicated in:

suspected tumour recurrence when anatomical imaging is dif-
ficult or equivocal and management will be affected. Often
a combination of ""C-methionine and ®F-FDG PET scans will
need to be performed;

benign versus malignant lesions, where there is uncertainty
on anatomical imaging and a relative contraindication to bio-
psy;

investigation of the extent of tumour within the brain or spinal
cord.

8F-FDG PET is not indicated, but may help in:
assessment of secondary tumours in the brain and evaluation
of tumour response to therapy.

Liver tumours

8F-FDG PET is indicated in:

equivocal diagnostic imaging in metastatic liver disease;
assessment pre and post therapy intervention in metastatic
liver disease;

to exclude other metastatic disease prior to excision of me-
tastases.

8F-FDG PET is not indicated in:
routine assessment of hepatocellular carcinoma.

Breast cancer

8F-FDG PET is indicated in:

assessment and localisation of brachial plexus lesions in breast
cancer to differentiate radiation effects from malignant infiltra-
tion;

assessment of the extent of disseminated breast cancer.
8F-FDG PET is not indicated but may help in:

axillary node status especially where there is a relative con-
traindication to axillary dissection;

assessment of multifocal disease within the difficult breast
(dense breast or equivocal radiology);

suspected local recurrence;

assessment of chemotherapy response.

8F-FDG PET is not indicated in:
routine assessment of primary breast cancer.
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Genito-urinary cancer
8F-FDG PET is indicated in:

— assessment of possible adrenal metastases;

— assessment of recurrent disease from seminomas and te-
ratomas;

— assessment of residual masses;

— assessment of primary testicular tumour for staging;

— difficult cases of ovarian carcinoma to assess local and dis-
tant spread.

8F-FDG PET is not indicated but may help in:

— paragangliomas or metastatic phaeochromocytoma to iden-
tify sites of disease. Currently, ¥Ga-DOTATATE is proving more
sensitive in this respect;

— staging a known bladder primary or recurrence with equivocal
imaging;

— in difficult cases of uterine cervical malignancy to define the
extent of disease with accompanying image registration.

8F-FDG PET is not indicated in:

— assessment of renal carcinoma;

— primary phaeochromocytoma — '?3I-MIBG and %Ga-DO-
TATATE scanning are more sensitive;

— assessment of prostate carcinoma.

Musculoskeletal tumours
8F-FDG PET is indicated in:

— soft tissue primary mass assessment to distinguish high grade
malignancy from low grade or benign disease;

— staging of primary soft tissue malignancy to assess nonske-
letal metastases;

— assessment of recurrent abnormalities in operative sites;

— assessment of osteogenic sarcomas for metastatic disease;

— follow up to detect recurrence or metastases.

BF-FDG PET is not indicated but may help in:
— PET-CT image registration of the primary mass to identify op-
timum biopsy site.

Metastases from unknown primary
F-FDG PET is indicated in:

— determining the site of an unknown primary when this influ-
ences management.

8F-FDG PET is not indicated in:
— widespread metastatic disease when the determination of the
site is only of academic interest.

Miscellaneous
8F-FDG PET is indicated in:
— identifying sites to biopsy in patients with pyrexia;
— differentiating benign from malignant cerebral pathology.

8F-FDG PET is not indicated but may help in:

— routine assessment of weight loss where malignancy is sus-
pected;

— assessment of spinal infection or problematic cases of infection;
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in bone metastases when bone scan or other imaging is equivocal;
identifying recurrent functional pituitary tumours when anato-
mical imaging has not been successful;

identifying source of the fever of unknown origin.

Acknowledgement

The data presented here is based on a document produced

by Dr. Michael O'Doherty and his team at Guy’s and St. Thomas’
Hospital (London). We are grateful to them for allowing us to use
this data, which is also available on-line: http:/Aww-pet.umds.ac.uk/.

References

1

11.

12.

13.

14.

. Rohren EM, Turkington TG, Coleman RE. Clinical applications of PET

in oncology. Radiology 2004; 231: 305-332.

. Gambhir SS, Czernin J, Schwimmer J, Silverman DH, Coleman RE,

Phelps ME. A tabulated summary of the FDG PET literature. J Nucl
Med 2001; 42: 15-93S.

. Delbeke D, Martin WH. Positron emission tomography imaging

in oncology. Radiol Clin North Am 2001; 39: 883-917.

. Bedford M, Maisey MN. Requirements for clinical PET: comparisons

within Europe. Eur J Nucl Med Mol Imag 2004; 31: 208-221.

. von Schulthess GK, Steinert HC, Hany TF. Integrated PET/CT: cur-

rent applications and future directions. Radiology 2006; 238: 405—
—422.

Suggested reading for the clinical application of PET
Lung

. Bunyaviroch T, Coleman RE. PET evaluation of lung cancer. J Nucl

Med 2006; 47: 451-469.

. Vansteenkiste J, Fischer BM, Dooms C, Mortensen J. Positron-emis-

sion tomography in prognostic and therapeutic assessment of lung
cancer: systematic review. Lancet Oncol 2004; 5: 531-540.

. Brink I, Schumacher T, Mix M et al. Impact of [18F]FDG-PET on the

primary staging of small-cell lung cancer. Eur J Nucl Med Mol Imag
2004; 31: 1614-1620.

. Pieterman RM, van Putten JW, Meuzelaar JJ et al. Preoperative stag-

ing of non-small-cell lung cancer with positron-emission tomography.
N Engl J Med 2000; 343: 254-261.

. Hellwig D, Groschel A, Graeter TP et al. Diagnostic performance and prog-

nostic impact of FDG-PET in suspected recurrence of surgically treated
non-small cell lung cancer. Eur J Nucl Med Mol Imag 2006; 33: 13-21.

Colorectal

Vogel WV, Wiering B, Corstebs FH, Ruers TJ, Oyen WJ. Colorectal
cancer: the role of PET/CT in recurrence. Cancer Imag 2005;
5 (Spec No A): 143-149.

Tutt AN, Plunkett TA, Barrington SF, Leslie MD. The role of positron
emission tomography in the management of colorectal cancer. Co-
lorectal Dis 2004; 6: 2-9.

Valk PE, Abella-Columna E, Haseman MK et al. Whole-body PET im-
aging with [18F]fluorodeoxyglucose in management of recurrent col-
orectal cancer. Arch Surg 1999; 134: 503-511.

Lymphoma
Schiepers C, Filmont JE, Czernin J. PET for staging of Hodgkin's di-

sease and non-Hodgkin's lymphoma. E J Nucl Med Mol Imaging 2003;
30 (suppl 1): S82-S88.

15.

16.

20.

21.

22.

28.

24.

25.

26.

27.

28.

29.

30.

31.

Nuclear Medicine Review 2006, Vol. 9, No. 1

Israel O, Keidar Z, Bar-Shalom R. Positron emission tomography
in the evaluation of lymphoma. Semin Nucl Med 2004; 34: 166—179.
Partridge S, Timothy A, O’'Doherty MJ, Hain SF, Rankin S, Mikhaeel G.
2-Fluorine-18-fluoro-2-deoxy-D glucose positron emission tomogra-
phy in the pretreatment staging of Hodgkin's disease: influence
on patient management in a single institution. Ann Oncol 2000; 11:
1273-1279.

. Munker R, Glass J, Griffeth LK et al. Contribution of PET imaging

to the initial staging and prognosis of patients with Hodgkin’s
disease. Ann Oncol 2004; 15: 1699-1704.

. Naumann R, Beuthien-Baumann B, Reiss A et al. Substantial impact

of FDG PET imaging on the therapy decision in patients with early-
-stage Hodgkin’s lymphoma. Br J Cancer 2004; 90: 620-625.

. Jerusalem G, Hustinx R, Beguin Y, Fillet G. Positron emission tomog-

raphy imaging for lymphoma. Curr Opin Oncol 2005; 17: 441-445.
Melanoma

Wagner JD. Fluorodeoxyglucose positron emission tomography for
melanoma staging: refining the indications. Ann Surg Oncol 2006; 13:
444-446.

Friedman KP, Wahl RL. Clinical use of positron emission tomography
in the management of cutaneous melanoma. Semin Nucl Med 2004;
34: 242-253.

Reinhardt MJ, Joe AY, Jaeger U et al. Diagnostic performance of whole
body dual modality 18F-FDG PET/CT imaging for N- and M-staging
of malignant melanoma: experience with 250 consecutive patients.
J Clin Oncol 2006; 24: 1178-1187.

Fuster D, Chiang S, Johnson G, Schuchter LM, Zhuang H, Alavi A.
Is 18F-FDG PET more accurate than standard diagnostic procedures
in the detection of suspected recurrent melanoma? J Nucl Med 2004;
45:1323-1327.

Rinne D, Baum RP, Hor G, Kaufmann R. Primary staging and follow-up
of high risk melanoma patients with whole-body 18F-fluorodeoxyglu-
cose positron emission tomography: results of a prospective study
of 100 patients. Cancer 1998; 82: 1664—1671.

Oesophagus and Gl

von Rahden BH, Stein HJ. Staging and treatment of advanced eso-
phageal cancer. Curr Opin Gastroenterol 2005; 21: 472-477.
Forshaw MJ, Gossage JA, Mason RC. Neoadjuvant chemotherapy
for oesophageal cancer: The need for accurate response prediction
and evaluation. Surgeon 2005; 3: 373-382.

Flamen P, Lerut T, Haustermans K, Van Cutsem E, Mortelmans L.
Position of positron emission tomography and other imaging diag-
nostic modalities in esophageal cancer. Q J Nucl Med Mol Imag 2004;
48: 96-108.

Kostakoglu L, Goldsmith SJ. PET in the assessment of therapy
response in patients with carcinoma of the head and neck of the
oesophagus. J Nucl Med 2004; 45: 56-68.

Gore RM. Upper gastrointestinal tract tumours: diagnosis and sta-
ging strategies. Cancer Imag 2005; 5: 95-98.

Chen J, Cheong JH, Yun MJ et al. Improvement in preoperative sta-
ging of gastric adenocarcinoma with positron emission tomography.
Cancer 2005; 103: 2383-2390.

Pancreas

Higashi T, Saga T, Nakamoto Y et al. Diagnosis of pancreatic cancer
using fluorine-18 deoxyglucose positron emission tomography (FDG
PET) — usefulness and limitations in ‘clinical reality’. Ann Nucl Med
2003; 17: 261-279.

www.nmr.viamedica.pl



Adil AL-Nahhas et al., Role of 18F-FDG in oncology

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

. Delbeke D, Rose DM, Chapman WC et al. Optimal interpretation
of FDG PET in the diagnosis, staging and management of pancreatic
carcinoma. J Nucl Med 1999; 40: 1784-1791.

Nishyama Y, Yamamoto Y, Yokoe k et al. Contribution of whole body
FDG-PET to the detection of distant metastasis in pancreatic cancer.
Annals Nucl Med 2005, 19: 491-497.

Head and neck

Rumboldt Z, Gordon L, Gordon L, Bonsall R, Ackermann S. Imaging
in head and neck cancer. Curr Treat Options Oncol 2006; 7: 23-34.
Kapoor V, Fukui MB, McCook BM. Role of 18FFDG PET/CT in the
treatment of head and neck cancers: principles, technique, normal
distribution, and initial staging. Am J Roentgenol 2005; 184: 579-587.
McGruit WF, Greven K, Williams D 3¢ et al. PET scanning in head and
neck oncology: a review. Head Neck 1998; 20: 208-215.

Wong WL, Saunders M. Role of PET FDG in the management of head
and neck squamous cell cancer. Clin Oncol 1998; 10: 361-366.

Breast cancer

Eubank WB, Mankoff DA. Positron Emission Tomography (PET):
an update on applications in breast cancer. Semin Nucl Med 2005;
35: 84-99.

Weir L, Worsley D, Bernstein V. Imaging in breast cancer: the value
of FDG positron emission tomography in the management of patients
with breast cancer. Breast J 2005; 11: 204-209.

Isasi CR, Moadel RM, Blaufox MD. A meta-analysis of FDG-PET for
the evaluation of breast cancer recurrence and metastases. Breast
Cancer Res Treat 2005; 90: 105-112.

Miscellaneous
Grunwald F, Kalicke T, Feine U et al. Fluorine-18 fluorodeoxyglucose

positron emission tomography in thyroid cancer: results of a multi-
centre study. Eur J Nucl Med 1999; 26: 1547-1552.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Editorial

Helal BO, Merlet P, Toubert ME et al. Clinical impact of (18)F-FDG
PET in thyroid carcinoma patients with elevated thyroglobulin levels
and negative (131)l scanning results after therapy. J Nucl Med 2001;
42:1464-1469.

Szakall S Jr, Esik O, Bajzik G et al. 18F-FDG PET detection of lymph
node metastases in medullary thyroid carcinoma. J Nucl Med 2002;
43: 66-71.

Tai YF, Piccini P. Applications of positron emission tomography
(PET) in neurology. J Neurol Neurosurg Psychiatry 2004; 75: 669—
-676.

Jacobs AH, Kracht LW, Grossman A et al. Imaging in neurooncology.
NeuroRx 2005; 2: 333-347.

lwata Y, Shiomi S, Sasaki N et al. Clinical usefulness of positron emis-
sion tomography with fluorine-18-fluorodeoxyglucose in the diagno-
sis of liver tumors. Ann Nucl Med 2000; 14: 121-126.

Bohm B, Voth M, Geoghegan J et al. Impact of positron emission
tomography on strategy in liver resection for primary and secondary
liver tumors. J Cancer Res Clin Oncol 2004; 130: 266-272.

Szabo Z, Xia J, Mathews WB, Brown PR. Future direction of renal
positron emission tomography. Semin Nucl Med 2006; 36: 36-50.
Hauth EA, Antoch G, Stattaus J et al. Evaluation of integrated whole-
body PET/CT in the detection of recurrent ovarian cancer. Eur J Radiol
2005; 56: 263-268.

Yen TC, Lai CH. Positron emission tomography in gynaecologic can-
cer. Semin Nucl Med 2006 36: 93-104.

Uchida Y, Minoshima S, Kawata T et al. Diagnostic value of FDG PET
and salivary gland scintigraphy for parotid tumors. Clin Nucl Med 2005;
30: 170-176.

Jana S, Blaufox MD. Nuclear medicine studies of the prostate, testes,
and bladder. Semin Nucl Med 2006; 36: 51-72.

Lawrentschuk N, Davis ID, Bolton DM, Scott AM. Positron emission
tomography and molecular imaging of the prostate: an update. BJU
Int 2006; 97: 923-931.

Kolesnikov-Gauthier H, Levy E, Merlet P et al. FDG PET in patients
with cancer of an unknown primary. Nucl Med Commun 2005; 26:
1059-1066.

www.nmr.viamedica.pl 5



