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ABSTRACT
Objective: To study the value of positron-emission tomography using 2-fluoro-2-deoxy-D-glucose labelled with
fluorine 18 in locating unknown primary tumour sites in patients presenting with metastases.
Patients and Methods: Between November 2003 and December 2004, a total of 62 consecutive patients were
referred to the Queen Elizabeth Hospital for positron-emission tomography after receiving a presumptive diag-
nosis of metastasis with an unknown primary tumour. Positron-emission tomography was performed from the
thigh to the head, and results were compared with the final diagnostic (either histological or clinical) findings.
Results: Of the 62 patients studied, positron-emission tomography detected 36 (58%) suspected primary lesions,
of which 3 were false positives. For 11 patients, the suspected metastases were later found to be non-metastatic
(either primary brain tumours or non-malignant lesions); hence, the detection rate of primary tumour sites by
positron-emission tomography was 71% (36/51). Brain metastasis was the most common reason for referral (n
= 25); positron-emission tomography had 100% sensitivity, 90% specificity, and 96% accuracy for diagnosing
extracranial primary tumours. Cervical lymph node metastasis was the second most common reason for
referral (n = 13); positron-emission tomography detected 62% of primary sites in this patient subgroup.
Conclusion: Positron-emission tomography using 2-fluoro-2-deoxy-D-glucose labelled with fluorine 18 is a
valuable diagnostic tool that can locate primary tumour sites in patients presenting with metastases.
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INTRODUCTION
Positron-emission tomography (PET) has been estab-
lished as an important diagnostic tool in the investi-
gation of patients with cancers. The technique can be
used in primary staging, follow-up of treatment response,
diagnosis of recurrence, and recurrence staging. 2-
Fluoro-2-deoxy-D-glucose (FDG) labelled with fluorine
18 is the most commonly used tracer. FDG-PET is based
on the principle that tumour cells have a high rate of glu-
cose metabolism.1 The increase in glucose uptake corre-
lates with histological grading.2 Mechanisms of increased
uptake of FDG in cancer cells include the following:
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(1) Increased glucose transport because of an increased
density of plasma membrane glucose transporter
(GLUT) molecules, especially of GLUT1 and
GLUT3, through activation of genes coding for the
synthesis of GLUT and an increase in GLUT mes-
senger RNA production;

(2) Increased enzyme activity in the glycolytic pathway,
especially hexokinase, phosphofructokinase, and
pyruvate dehydrogenase;

(3) A shift in isoenzyme type I hexokinase to type II, which
is primarily involved in anaerobic metabolism3; and

(4) An increase in vascularity with endothelial cell
uptake of FDG.4

Cancer cells grow more rapidly than their blood supply;
hence, they become hypoxic. The result is an increase
in anaerobic glycolysis, with lactic acid fermentation
becoming the primary source of adenosine triphosphate.
Hypoxic tumour cells release the hypoxia-inducible
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transcription factor 1, which increases the expression
of GLUT1 and GLUT3. Neovascularisation is also
stimulated by an increase in the expression of vascular
endothelial growth factor. An animal model has con-
firmed these events by demonstrating that FDG distri-
bution in tumour tissue is increased in hypoxic and vi-
able regions.5 After being taken up by cells, FDG is
converted by hexokinase to FDG-6-phosphate, which
neither undergoes further metabolism nor can pass
through the plasma membrane. Therefore, the tracer is
retained inside the cell.

FDG-PET has been used to visualise various cancers.
However, a substantial proportion of patients with can-
cer first present with metastases. Locating the primary
lesions can be very resource-exhausting. Because meta-
bolic imaging is more sensitive than other methods, PET
allows clinicians to locate possible primary tumour sites
for further investigation. Furthermore, the whole-body
imaging ability of PET, together with the recent avail-
ability of a combined PET–computed tomography (CT)
scanner, allows the thorough investigation of a patient
to be performed in a single examination.

The Clinical PET Centre at the Queen Elizabeth Hospi-
tal was established in October 2003. This paper reports
our experience with patients who were referred to the
department for the diagnosis of an unknown primary
tumour.

PATIENTS AND METHODS
A total of 62 consecutive patients who had a presump-
tive diagnosis of metastasis were recruited from No-
vember 2003 to December 2004. Metastasis had been
proven by biopsy, suggested radiologically (by CT or
magnetic resonance imaging [MRI]), or suggested be-
cause of increased levels of biochemical tumour
markers. Patients were referred to our department for
FDG-PET to locate possible sites of the primary tumour.
They accounted for 10.3% of the 603 referrals during
the study period.

Patients, except those who were known to have diabe-
tes mellitus, observed a low-carbohydrate diet on the
day before scanning. All patients fasted for at least
6 hours before the procedure. For diabetic patients,
scanning was arranged for the early morning; they were
advised to follow their diabetic diet and to stop
drug therapy on the morning of scanning. Serum glu-
cose levels were checked before FDG injection, and if
the serum glucose level was 11 mmol/L or lower,

370 to 555 MBq of FDG was injected intravenously.
For patients whose serum glucose level exceeded this
level, rapid-acting insulin was injected intravenously;
when the serum glucose level fell below 11 mmol/L,
FDG was injected 60 minutes after insulin injection.

Scanning was performed 60 minutes after FDG admin-
istration using a PET/CT scanner (Discovery LS; Gen-
eral Electric Medical Systems, Milwaukee, WI, United
States). Transmission scanning was performed from the
head to the upper thigh using the built-in CT scanner.
This scan was followed with PET, performed in a thigh-
to-head direction. The scanning time was 3 minutes
per bed position. Dedicated local scanning and contrast
CT were performed when necessary after whole-body
imaging. Tomographic images were then reconstructed
with attenuation-correction by iterative reconstruction
using the ordered-subset expectation-maximisation
technique (28 subsets, 2 iterations). The CT and PET
images were formatted as 128-by-128 pixel images, with
a slice thickness of 4.25 mm. Images were displayed in
coronal, sagittal, and transaxial orthogonal views.

The diagnosis of possible primary tumour sites was
based on the presence of abnormally increased FDG
uptake. Interpretation of scans was done mainly by
visual interpretation by experienced nuclear medicine
physicians. Lesions that were seen in CT images but
without FDG uptake were not considered to be possible
primary sites.

Patients were followed up using computerised hospital
records to histologically confirm the presence or absence
of a primary malignant tumour. When histological
diagnoses were not available, patients were followed
up to monitor disease progression, and the final diag-
noses were made on the basis of clinical information.

RESULTS
Among the 62 patients were 42 males and 20 females;
their mean age was 60 years (standard deviation, 15
years; range, 10-85 years). Of the 62 patients, 36 (58%)
were found by FDG-PET to have suspected primary
tumour sites. Of these, 33 (92%) cases were true posi-
tives and the remaining 3 (8%) were false positives. The
reasons for referral and the corresponding detection rates
are shown in Table 1; identified primary sites are shown
in Table 2. The 3 false-positive lesions were actually
colonic dysplastic polyp in a patient referred for brain
metastasis, fat necrosis in a patient with soft-tissue sar-
coma that presented as bone metastasis, and an atypical
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brown tumour in a patient with oncogenic osteomalacia.
However, it was later confirmed, either histologically
or clinically, that 11 of the 62 suspected metastatic le-
sions were not metastases. These cases included 6 brain
lesions that were actually primary brain tumours. If
these 11 patients were excluded, FDG-PET could detect
possible primary lesions in 71% (36/51) of patients.

Among the patients included in the study, the most
commonly encountered reason for referral was a pre-
sumptive diagnosis of brain metastases (n = 25; 40%).
PET detected extracranial foci of abnormal FDG
uptake in 15 patients, 7 of whom had histological proof
of the FDG-avid extracranial foci. Of these 7 patients, 6
were truly positive for primary sites (5 in the lung, 1 in
the kidney); the remaining patient had a detectable
colon lesion that was later histologically proven to be
a dysplastic polyp (i.e., a false positive). The other 8 pa-
tients with extracranial foci of abnormal FDG uptake all
had clinical confirmation of extracranial primary tumours
(6 in the lung, 1 in the kidney, and 1 in the colon).

Of the 10 patients who did not show extracranial
lesions by PET, 6 were proven to have primary brain
cancer (4 glioma multiforme, 1 chordoma, and 1 pri-
mary cerebral lymphoma). One of the patients with
glioma multiforme had low FDG uptake in cerebral
lesions, whereas the other 5 patients had markedly

increased FDG uptake in their brain lesion. Three
patients who did not have PET-detectable extracranial
lesions actually had a non-malignant brain disease
(1 multiple sclerosis, 1 inflammatory pseudotumour, and
1 toxoplasmosis), and all 3 had low FDG uptake. The
remaining patient who did not show extracranial lesions
by PET had high FDG uptake in the brain lesion, but
no histological proof was available because this pa-
tient refused to undergo a brain biopsy. Thus, 24 of the
25 patients had either histological or clinical evidence
of their final diagnoses. If the scintigraphic diagnosis
of extracranial primary tumours with the presumptive
diagnosis of brain metastases for these 24 patients
was based on the presence of an extracranial focus of
abnormal FDG uptake, then FDG-PET had a sensitiv-
ity of 100% (14/14), a specificity of 90% (9/10), and an
accuracy of 96% (23/24) for diagnosing extracranial
primary tumours (Figure 1).

The second most common reason for referral was the
presence of metastatic cervical lymph nodes (n = 13;
21%). FDG-PET could detect suspected primary lesions
in 8 of these patients. Histological proof was available
for 6 patients, comprising 3 patients with nasopharyn-
geal carcinoma, 1 patient with parotid cancer, 1 with
squamous cell carcinoma of the cheek, and 1 with
carcinoma of the oropharynx. The 2 remaining pa-
tients with PET-detected primary lesions had clinical
diagnoses of primary tumours (1 in the lung cancer and
1 in the kidney). FDG-PET thus had a sensitivity of
62% (8/13) in locating primary sites in this subgroup
of patients. No false positives were detected in this
subgroup (Figure 2).

DISCUSSION
FDG-PET is not a cost-effective method of screening
the general population. Still, studies have shown that it
may be useful in the diagnosis of unknown primary tum-
ours. In a study of 53 patients conducted in Germany,6

Table 2. Distribution of true-positive primary tumours, by site.

Primary site No. (%)

Lung 18 (55)
Kidney 3 (9)
Nasopharynx 3 (9)
Pancreas 2 (6)
Ovary 2 (6)
Colorectum 2 (6)
Skin 1 (3)
Oropharynx 1 (3)
Parotid 1 (3)
Total 33

Table 1. Reasons for referral, lesion detection rates, and false-positive rates.

Reason No. (%) Possible primary detected, No. (%) False positives, No. (%)

Brain metastasis 25 (40) 15 (60) 1 (7)
Cervical lymph node metastasis 13 (21) 8 (53) 0
Multiple metastases 9 (15) 6 (67) 0
Raised CEA or CA125 levels 7 (11) 3 (43) 0
Bone metastasis 3 (5) 1 (33) 1 (100)
Liver metastasis 2 (3) 1 (50) 0
Skin nodule 1 (2) 1 (100) 0
Oncogenic osteomalacia 1 (2) 1 (100) 1 (100)
Lung metastasis 1 (2) 0 0
Total 62 36 (58) 3 (8)

Note: Denominators for columns 2 and 3 are numbers in columns 1 and 2, respectively. Abbreviation: CEA = carcinoembryonic antigen.
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44 had cervical lymph node metastases and 9 had extra-
cervical metastases. PET detected suspected primary
lesions in 27 (51%) patients: 12 patients had lung
cancer and the others had cancer of the head or neck.
Of these 27 cases, 6 were false positives, and 3 of these
false positives occurred in the palatine tonsil region.
For the remaining 26 patients, a primary tumour was
not detected clinically at follow-up. Another study in
Belgium7 yielded similar results: 24 patients with a pri-
mary tumour of an unknown origin had metastatic sites

that included the brain, bone, meninges, liver, muscle,
eye, and lymph nodes. Primary tumours were identi-
fied in 13 (54%) patients, and the false-positive rate was
21% (5/24). Primary sites included the breast, colon,
stomach, lung, and mouth. A review of 8 studies8 quoted
a detection rate of 24% to 53% for unknown primary
tumours, and a meta-analysis of 15 studies and 298
patients reported a sensitivity of 87% and a specificity
of 71% in diagnosing unknown primary tumours.9

Furthermore, a study conducted in Germany10 among

Figure 1. Coronal positron-emission tomograms of a 55-year-old man who presented with a sudden onset of disorientation; computed
tomography had detected lesions in the right occipital and left parietal regions, compatible with brain metastases, and urgent craniotomy
revealed a sarcomatoid metastatic tumour. The positron-emission tomograms showed the left renal primary cancer (white arrow) with
lung (long black arrow) and left inferior pubic ramus (short black arrow) metastases, as well as lymph node metastases in the thorax and
abdomen (broken arrows).
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30 patients with paraneoplastic syndrome who presented
with dermatological disorders and neuropathies found
that during follow-up (mean, 3.6 years; range, 1-6 years),
7 patients had underlying malignancies, 6 of which were
detected by PET. There was 1 false-positive case due to
adrenal adenoma. All other patients with negative PET
scans remained asymptomatic during the follow-up
period. This study, although limited in the number of
patients with confirmed malignancies, pointed out the
possibility of locating underlying malignancies in case
of suspected paraneoplastic syndrome.

FDG-PET may be particularly useful in locating
primary tumours in metastatic brain cancer. A study
performed in Korea11 that involved 127 patients, 77 of
whom had brain metastases confirmed by biopsy,
showed that FDG-PET had a sensitivity of 79.2%,
specificity of 94.0%, accuracy of 85.0%, positive pre-
dictive value of 95.3%, and negative predictive value
of 74.6% for detecting primary lesions. The most com-
mon primary tumour was lung cancer.

Our study showed similar results to, if not better than,
those of previous studies, with an overall detection rate
of 58% and a false-positive rate of 8%. The detection
rate became 71% if patients with non-metastatic dis-
ease were excluded. The best results were those among

(b)

Figure 2. Transaxial positron-emission tomography (PET)–computed tomography (CT) images of a 38-year-old man who presented with
a right retromandibular mass; fine-needle aspiration biopsy had shown squamous cell carcinoma but the patient refused panendoscopy.
Tomographic studies consisted of CT (upper left), fluorodeoxyglucose (FDG)-PET with attenuation-correction (upper right), fused PET/CT
(lower left), and FDG-PET without attenuation-correction (lower right). (a) Increased FDG uptake by the retromandibular lymph node; (b)
focal uptake with abnormal skin-thickening in the right cheek. Physical examination revealed a small skin ulcer with an indurated base;
biopsy confirmed squamous cell carcinoma of the right cheek.

(b)(a)

patients with a diagnosis of brain metastases: the sensi-
tivity and specificity of diagnosing primary tumours
were 100% and 90%, respectively. In addition, all pa-
tients without an abnormal extracranial focus of FDG
uptake, except the one who refused brain biopsy, were
finally proven to have either primary brain tumours or
non-malignant brain lesions. Results of this patient sub-
group suggest that when there is no suspicious
extracranial focus of FDG uptake during PET, there is
high possibility that brain lesions are not genuine brain
metastases. Because all 3 benign lesions did not show
FDG uptake in our study, primary brain tumours have
to be considered if the brain lesion is FDG-avid.

Results were less satisfactory for patients with cervical
lymph node metastases: FDG-PET has a 62% sensitiv-
ity for detecting primary sites. This is similar to the find-
ings of Bohuslavizki et al.6 Although head and neck
cancer is probably the most common origin of cervical
lymph node metastasis, other primary sites have to be
considered, as illustrated in patients in our series who
had metastases from lung and kidney cancers. PET, with
its whole-body imaging ability, is most advantageous
when the presenting metastatic site is distant from the
primary site. In a study from Germany,12 where nasopha-
ryngeal carcinoma is rare, FDG-PET detected almost
100% of known primary tumours, but false positives
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did occur. However, FDG-PET is not satisfactory in
diagnosing unknown primary tumours in the head
and neck region, which account for 1% to 5% of cases,
because the sensitivity ranges from 10% to 73%.13,14 CT
and MRI are no better, or even worse, than PET in this
situation, both with detection rates of 15% to 20%.13,15,16

The addition of panendoscopy and biopsy can improve
the sensitivity to 40% to 50%.17 The low detection rate
may be because some primary cancers in the head
and neck region are too small or too superficial to be
detected by PET or PET/CT. It has been shown that the
degree of uptake of FDG in squamous cell carcinoma
of the head and neck region is related to the T stage of
the tumour.18

One limitation of this study is the relatively small
number of patients in other subgroups; hence, it is
impossible to draw any conclusion on the use of PET
among these subgroups. More patients have to be re-
cruited to give more meaningful results. Another limi-
tation is that not all patients have a definitive diagnosis,
either histologically or clinically. The reason could
be the short follow-up duration of some of the pa-
tients. Inclusion of more patients and longer follow-up
periods could give a clearer picture of the accuracy,
sensitivity, and specificity of FDG-PET in the diagno-
sis of unknown primary tumours, especially for the
rarer referrals, such as those with abnormal biochemi-
cal test results or paraneoplastic syndrome.

This study did not compare PET with other imaging
modalities, such as CT and MRI. Hence, we cannot con-
clude that PET can replace other imaging modalities in
the diagnosis of unknown primary tumours. The posi-
tion of PET in the diagnostic algorithm of individual
subgroups needs further evaluation. However, PET has
advantages over other conventional imaging techniques,
in that it allows whole-body imaging to be performed
in a single study. Not only does PET diagnose the pri-
mary site, but it also detects other sites of tumour
involvement. The introduction of PET/CT will allow
also simultaneous structural imaging, which may elimi-
nate the need for further imaging in some patients.

CONCLUSION
FDG-PET is useful in locating unknown primary tu-
mour sites of metastatic lesions. The largest subgroup
of patients consists of those with suspected brain
metastases. The lack of extracranial focus of abnormal
FDG uptake strongly suggests the possibility of primary
lesions in the brain. PET has a high true-positive rate in

diagnosing primary sites. Therefore, FDG-PET should
be regarded as an important non-invasive technique in
the investigation of patients who present with metastases
that have no known primary site.

REFERENCES

1. Warburg O. Über den Stoffwechsel der Carcinomelle. J Cancer
Res 1924-1925:148-163.

2. Hatanaka M. Transport of sugars in tumour cell membranes.
Biochem Biophys Acta 1974;355:77-104.

3. Wagner HN. A new look at breast cancer. J Nucl Med 1999;40:
1009-1010.

4. Maschauer S, Prante O, Hoffmann M, Deichen JT, Kuwert T.
Characterization of 18F-FDG uptake in human endothelial cells
in vitro. J Nucl Med 2004;45:455-460.

5. Dearling JJ, Flynn AA, Sutcliffe-Goulden J, et al. Analysis of
the regional uptake of radiolabeled deoxyglucose analogs
in human tumor xenografts. J Nucl Med 2004;45:101-107.

6. Bohuslavizki KH, Klutmann S, Kröger S, et al. FDG PET
detection of unknown primary tumours. J Nucl Med 2000;41:
816-822.

7. Lonneux M, Reffad AM. Metastases from unknown primary
tumour: PET-FDG as initial diagnostic procedure. Clinical Posi-
tron Imaging 2000;3:137-141.

8. Reske SN, Kotzerke J. FDG-PET for clinical use. Results of the
3rd German Interdisciplinary Consensus Conference, “Onko-
PET III”, 21 July and 19 September 2000. Eur J Nucl Med 2001;
28:1707-1723.

9. Delgado-Bolton RC, Fernández-Pérez C, González-Maté A,
Carreras JL. Meta-analysis of the performance of 18F-FDG PET
in primary tumor detection in unknown primary tumors. J Nucl
Med 2003;44:1301-1014.

10. Berner U, Menzel C, Rinne D, et al. Paraneoplastic syndromes:
detection of malignant tumors using [18F]FDG-PET. Q J Nucl
Med 2003;47:85-89.

11. Jeong HJ, Chung JK, Kim YK, et al. Usefulness of whole-body
18F-FDG PET in patients with suspected metastatic brain
tumours. J Nucl Med 2002;43:1432-1437.

12. Adams A, Baum RP, Stuckensen T, Bitter K, Hor G. Prospec-
tive comparison of 18F-FDG PET with conventional imaging
modalities (CT, MRI, US) in lymph node staging of head and
neck cancer. Eur J Nucl Med 1998;25:1255-1260.

13. Regelink G, Brouwer J, de Bree R, et al. Detection of unknown
primary tumours and distant metastases in patients with cervi-
cal metastases: value of FDG-PET versus conventional
modalities. Eur J Nucl Med 2002;29:1024-1030.

14. Wahl RL, editor. Principles and practice of positron emission
tomography. Philadelphia: Lippincott Williams & Wilkins;
2002.

15. Chisin R. Nuclear medicine in head and neck oncology: reality
and perspectives. J Nucl Med 1999;40:91-95.

16. Kresnik E, Mikosch P, Gallowitsch HJ, et al. Evaluation of head
and neck cancer with 18F-FDG PET: a comparison with con-
ventional methods. Eur J Nucl Med 2001;28:816-821.

17. Vermeersch H, Loose D, Ham H, Otte A and van de Wiele C.
Nuclear medicine imaging for the assessment of primary and
recurrent head and neck carcinoma using routinely available
tracers. Eur J Nucl Med Mol Imaging 2003;30:1689-1700.

18. Tian M, Zhang H, Nakasone Y, Mogi K, Endo K. Expression of
Glut-1 and Glut-3 in untreated oral squamous cell carcinoma
compared with FDG accumulation in a PET study. Eur J Nucl
Med Mol Imaging 2004;31:5-12.


