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The management of patients with unknown primary tumours (UPT) often includes a large number of
radiographical studies and invasive procedures, but the occult primary tumour is detected in less than
25%. In this prospective study we explored whether non-invasive whole body PET scans using FDG
(18-F-fluorodeoxyglucose) are of clinical value in detection of UPT. Whole-body FDG-PET scans
were performed in 20 patients following standard staging procedures according to histology. PET
results were verified either histologically or by the clinical course of the disease. 11 patients had neck
metastases (5 squamous cell, 5 adenocarcinomas and 1 poorly differentiated carcinoma). The
remaining patients had metastases located in bone (3), bone marrow (1), brain (1), pericardium (1),
skin (1), pleura (1) and chest wall (1). All metastatic lesions were visible with PET. In 13 patients PET
suggested the site for the primary tumour and this was verified in 9 (45%), either histologically or by
the clinical course of disease. 8 of these had primary lung cancer and 1 had carcinoma at the basis of
the tongue. In most patients PET had no treatment related implications. 3 patients with non-small cell
lung cancer (NSCLC) received chemotherapy prompted by the PET result. The rest received either
radical radiotherapy to the head and neck region (7), palliative radiotherapy to the metastatic lesion
(8), chemotherapy based on signet ring cell carcinoma in bone marrow (1) or no therapy (1). These
results indicates that PET is useful in UPT preceding expensive and invasive diagnostic procedures
and can result in a faster diagnosis in approximately one third of the patients who then avoid unne-
cessary extensive procedures. Furthermore, a larger proportion of patients will receive treatment
aimed at the correct diagnosis. A prospective cost-effectiveness analysis of PET in this setting is
warranted © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
THE INCIDENCE of unknown primary tumours (UPT) is
between 0.5% and 6.5% [1,2]. Only 15-20% of newly diag-
nosed cancer patients with metastatic disease from an
unknown primary tumour have radiological and nuclear
medical imaging of their lungs, bones, brain, kidneys, and
gastrointestinal tract [3], and common diagnostic procedures
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are rarely able to detect the occult primary tumour. The most
convincing demonstration of the inability of radiological stu-
dies to locate the primary site in patients with metastatic non-
squamous carcinomas of unknown origin is the report by
Nystrom and colleagues [4]. In their study of 266 patients,
upper and lower gastrointestinal series, intravenous pyelo-
grams and chest radiographs were performed as part of the
diagnostic evaluation. Of a total of 136 patients who had no
postmortem examination, the authors were able to confirm
the primary tumour in only 22. Furthermore, of the remain-
ing 130 patients who had autopsies, 25 were found to have
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false-positive X-ray studies for the primary site. Not only
were the majority of studies negative, but many of the positive
reports proved to be false-positive. In addition, chest X-rays
thought to be characteristic of primary lung cancer frequently
represented metastatic lesions (43%).

The large number of radiological studies in patients with
UPT can be time consuming and costly. Despite extensive
examinations, the primary tumour will never be found in the
majority of cases (70-80%), and in most patients only pallia-
tive treatment can be offered. A majority of the patients suffer
from advanced gastrointestinal cancer or lung cancer for
which cure is rare [1]. Accordingly a thorough examination
for treatable tumours is most appropriate and cost-effective.
In patients with adenocarcinomas this includes prostate,
breast, ovary, endometrial and thyroid cancer. In cases of
undifferentiated tumours this includes lymphomas, germ cell
tumours and neuroendocrine tumours. In patients with
squamous cell carcinoma in the upper two thirds of the neck
region an extensive examination for head and neck cancer
should be performed. However, even such dedicated
exploration for a primary tumour employ many radiological
studies. This emphasises the need for a simple and better
method.

Positron emission tomography (PET) is a non-invasive
procedure and whole-body PET with the tracer 18-F-Fluoro-
2-deoxy-glucose (FDG) has proven very sensitive in a variety
of cancers [5, 6], including head and neck cancer [7], lung
cancer [8], breast cancer [9], lymphomas [10], colorectal
cancer [11] and melanomas [12]. The method is based on the
increased glycolytic activity in cancer cells [13]. FDG is a
glucose analogue entering the cell parallel to glucose. How-
ever, after phosphorylation no further degradation takes place
and FDG is trapped in the tissue and this is utilised in the
study of tumours [14]. When FDG decays, annihilation with
an electron takes place, resulting in emission of two 511 keV
gamma photons in opposite direction. After coincident
detection and reconstruction, areas of focal increased FDG
uptake can be visualised in axial, coronal and sagittal planes.

This prospective study was carried out in order to investi-
gate the value of FDG whole-body PET in patients with UPT
after extensive standard diagnostic procedures. The purpose
was to investigate whether PET was able to localise the pri-
mary tumour and thereby reduce the number of examinations
performed in this group of patients. This might save the
patients for expensive and unnecessary invasive examinations
and even lead to improved treatment.
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PATIENTS AND METHODS

Patients

20 patients referred to Rigshospitalet, Copenhagen Uni-
versity Hospital, from April 1996 to September 1997 were
enrolled. A signed informed consent was obtained from all
the patients and the study was approved by the local ethical
committee. The patients were consecutively referred to the
Finsen Centre from county hospitals after have performed
routine diagnostic procedures as discussed below. Patients
from the local area had diagnostic tests performed at the
National University Hospital, Rigshospitalet. Inclusion cri-
teria were aged 18-75 years with biopsy proven metastatic
malignant disease and an unknown primary tumour following
complete physical examination, X-ray and/or computer
tomography (CT) examinations and routine laboratory
evaluation.

Diagnostic procedures

The diagnostic procedures were performed according to
the primary histology of the metastases (Table 1). Endo-
scopic head and neck examinations were performed at spe-
cialised departments with the patients fully anaesthetised.

Positron emission tomography

PET was performed with a GE Advance PET scanner
(General Electric Medical Systems, Milwaukee, Wisconsin,
U.S.A.). Data was collected in multiple, continuous transax-
ial 4.25 mm thick slices. The axial field of view was 15cm
and the resolution in the axial plane (FWHM) was 5 mm. All
patients fasted at least 6 h prior to the PET study. 40 min
after injection of 10mCi FDG (350-400 MBq) in a cubital
vein the patient emptied the bladder and was placed in the
scanner. Static emissions in 2-D acquisition were obtained
with 7-8 consecutive frames, each of 5min emission, from
the level of the proximal femur to the vertex of the cranium.
A transmission scan for attenuation correction was not per-
formed.

All PET scans were performed within 4 weeks after initial
diagnostic procedures. Images were reconstructed in a
256 x256 transaxial matrix and resliced in coronal and sagittal
slices with a spacing of 4.25 mm. A semiquantitative analysis
of FDG uptake was not performed. Artifactual and physiolo-
gical soft tissue FDG accumulation was taken into account
during the visual interpretation of PET [15] by nuclear med-
icine specialists with significant PET experience (AE and
LF). At the time of visual interpretation relevant correlative

Table 1. Diagnostic procedures according to histology

Histology Diagnostic procedures
Adenocarcinoma
Female Mammography, palpation of the thyroid gland and neck thyroid scintigraphy, gynaecological
examination, abdominal ultrasonography or CT.
Male Serum-PSA, palpation of prostate and mammae region, palpation of the thyroid gland and

neck and thyroid scintigraphy.

Squamous cell carcinoma
Cervical
Inguinal

Poorly differentiated carcinoma
Age <60 years

Extensive oto-rhino-laryngeal exploration, fibreoptic endoscopy and cervical CT.
Abdominal CT, cystoscopy and anoscopy.

Abdominal and thoracic CT, serum HCG-p and AFP.

CT, computed tomography; PSA, prostate specific antigen; HCG, human chorionic gonadotropine; AFP, alpha-fetoprotein.
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Table 2. Patient characteristics
Patient no. Gender Age (yrs) PS Histology Localisation of metastases
1 Female 52 0 SCC Cervical lymph node
2 Female 64 2 PDAC Pericardium
3 Male 64 1 SCC Cervical lymph node
4 Male 44 2 PDAC Subcutis
5 Female 51 1 PDC Bone (humerus)
6 Female 47 1 WDAC Brain
7 Male 47 1 PDA Bone (femur)
8 Female 61 1 PDC Cervical lymph node
9 Female 74 1 PDA Cervical and axillary lymph node
10 Female 75 1 PDA Cervical lymph node
11 Female 34 2 PDA Supraclavicular lymph node
12 Male 26 2 WDA* Bone marrow
13 Female 27 2 PDC Pleura
14 Female 52 1 WDA Supraclavicular and axillary lymph node
15 Male 57 1 WDA Bone (scapula)
16 Male 35 1 SCC Cervical lymph node
17 Male 69 1 PDA Chest wall (anterior)
18 Male 57 1 SCC Cervical lymph node
19 Female 56 0 SCC Cervical lymph node
20 Male 62 1 SCC Cervical lymph node

SCC, squamous cell carcinoma; PDA, poorly differentiated adenocarcinoma; PDC, poorly differentiated carcinoma; WDA, well differentiated

adenocarcinoma; PS, performance status. *Signet ring carcinoma.

information concerning histology and location of metastatic
lesions were available. Pathological uptake was described as
focal areas visual in all three planes with the same coordinates
(%, V¥, z), and, if a suspected lesion was confirmed as the pri-
mary tumour, either histologically or during follow-up, the
PET result was defined as true-positive (TP). If a suspected
lesion could not be confirmed, the PET result was defined as
false-positive (FP). If PET was negative, but the primary was
later identified, the PET result was defined as false-negative
(FN), whereas PET was defined as not confirmed (NC) if the
primary remained unknown. PET was defined as true-nega-

tive (TN) if no primary site was suggested, although the sus-
pected metastatic lesion had pathological FDG uptake, and
this turned out to be the primary tumour.

Further diagnostic procedures were guided by the PET
results. Areas of increased focal uptake were verified histolo-
gically if the result could indicate a treatment with curative or
significant palliative potential. Otherwise, the patients were
followed regularly at the referring hospital until death or a
verification was obtained by the clinical course of the disease.
At the end of the study all radiographs were reviewed by an
experienced specialist in diagnostic radiology.

Table 3. The results of the PET evaluation of site of the primary tumour

Patient no. Site of metastasis Suggested primary site Therapy Confirmed primary tumour PET result
1 Pericardia Lung No Lung TP
2 Bone Lung Noft Lung cancer TP
3 Neck Lung Not Lung cancer TP
4 Neck Lung Noft Lung cancer TP
5 Neck Lung CT Lung cancer TP
6 Pleura Lung CT Lung cancer TP
7 Neck Lung CT Lung cancer TP
8 Bone Lung Not Lung cancer TP
9 Neck Tongue RT Tongue TP
10 Neck Tongue RT Not found FP
11 Subcutis Thyroid No Pancreatic cancer FP
12 Neck Ventricle RT Not found FP
13 Neck Tongue RT Not found FP
14 Brain None Not Not found NC
15 Bone None Not Not found NC
16 Neck None RT Not found NC
17 Neck None RT Not found NC
18 Neck None No* Tongue FN
19 Thorax None Not Mesothelioma TN
20 Bone None CT Gastric cancer FN

*The patient received standard radiotherapy when the primary tumour was found and staged as TIN2bMO fPalliative radiotherapy only. RT,
radiotherapy; CT, chemotherapy; FN, false-negative; FP, false-positive; TN, true-negative; TP, true-positive; NC, not confirmed.
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RESULTS

20 patients were included in the study. Table 2 shows age,
sex, histology and localisation of the metastases. The majority
of the patients (55%) presented with metastatic cervical
lymph nodes, 6 with squamous cell carcinoma and 5 with
adenocarcinoma. The metastatic lesions were clearly visible
with PET in all patients and additional suspected lesions
were detected in 4 patients. However, these were not histo-
logically confirmed. In 13 patients (65%) PET suggested a
location for the primary tumour (Table 3) and this was con-
firmed in 9 patients (pts 1-9), either histologically, in 3
patients, or during the clinical course of the disease, in the
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latter 6 patients. 6/9 patients with a true-positive PET had a
previously performed CT which was negative. In the other 3
patients plain X-rays were negative and a CT was not per-
formed. After a radiological review the PET diagnosis was
retrospectively confirmed by CT or plain X-ray in 2 patients
with primary adenocarcinoma of the lung (Figure 1).

8 of the 9 patients had a primary lung cancer and 1 had a
histologically confirmed primary carcinoma of the lingual
base (Figure 2). Of 4 patients with a false-positive finding
(pts 10-13), 2 were suspected of having a primary tumour in
the tongue, 1 in the ventricle and 1 in the thyroid gland. The
latter had a normal neck ultrasonography. This patient (pt. 11)

Figure 1. (a) Transaxial, sagittal and coronal PET image of a patients with metastatic adenocarcinoma of the left scapula (a)
and a primary lung cancer in the right upper lobe (b) indicated by focal increased FDG uptake (+). Physiological FDG uptake is
seen in the brain, salivary glands, kidney and bladder.
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presented with multiple subcutaneous metastases, a biopsy
showed adenocarcinoma. All the subcutaneous metastases
were visible with PET, but the patient died shortly afterwards
due to rapid progression. A primary pancreatic carcinoma
was found at autopsy. The other 3 patients received invasive
endoscopic procedures with biopsies which were negative.

In 4 patients (pts 14-17) neither PET nor the clinical
course revealed the primary tumour and in 3 patients (pts 18—
20) in which PET was unable to identify a primary lesion the
primary tumours were identified later. One of these patients
(pt 18) had a squamous cell carcinoma of the lingual base.
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This patient had a metastatic squamous cell carcinoma of a
cervical lymph node and was initially offered radiation ther-
apy, but refused. During follow-up the primary tumour
emerged and the patient received radiotherapy resulting in
complete remission. Another patient (pt 19) had a poorly
differentiated adenocarcinoma in the thoracic wall. This
lesion was visible with PET, but no location of the primary
tumour was suggested. During the clinical course the lesion
penetrated the thoracic wall and turned out to be a primary
pleural mesothelioma, and PET was, therefore, considered
true-negative.

Figure 2. (a) Transaxial, sagittal and coronal PET image of a patient with metastatic lymph nodes in the neck region (+) and no

finding of a primary after initial head and neck examination including diagnostic endoscopy. (b) Focal increased FDG indicated

a primary tumour at the lingual base (+) which was histologically confirmed after repeated diagnostic endoscopy. Physiological
FDG uptake is seen in the brain salivary glands and bladder.
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In most patients the PET result had no treatment related
implications. In 2 patients therapy was omitted because of
rapid deterioration. 7 patients received palliative radiotherapy
to the metastatic lesion. 5 patients with metastatic squamous
cell carcinoma and 1 patient with poorly differentiated carci-
noma in the cervical lymph nodes received bilateral radio-
therapy targeting wide head and neck fields of more than
60 Gy whereas one patient refused radiotherapy until a pri-
mary tumour was found in the tongue during follow-up. The
remaining 4 patients with metastatic cervical lymph nodes
had adenocarcinomas or poorly differentiated carcinoma. In
all these cases the metastases were localised in the lower cer-
vical region and in 2 of these combined with axillary lymph
node metastases. A primary lung cancer was identified by
PET and confirmed during the clinical course in all 4 cases.
These lesions were localised centrally in 2 patients and in the
upper lobe in 2 patients. 2 of these received combination
chemotherapy and experienced tumour regression. Another
patient who presented with pleural adenocarcinoma also had
a primary lung cancer identified by PET and received com-
bination chemotherapy. In the latter 3 patients the treatment
decision was guided by the PET result. This was also the case
in 1 patient who received reduced radiation fields after a pri-
mary tumour in the lingual base was identified by PET and
confirmed histologically (Figure 2).

DISCUSSION

Patients with unknown primary tumours often undergo
various extensive investigations, which will result in pro-
longed hospitalisation and discomfort, often with no benefit
for the patients. False-positive finding may lead to unneces-
sary invasive procedures, and even though UPT represents
only 0.5-6.5% of all cancer the expenses may be substantial.
A restrictive selective search for treatable tumours is most
appropriate and cost effective.

In this study a PET scan correctly identified the primary
tumour in 9 patients (45%). In all included patients meta-
static disease was histologically confirmed prior to inclusion,
and no radical excisions were performed. All the metastatic
sites could be identified on the PET scans. This indicates that
in an unselected group of patients with unknown primary
tumours, a PET scan has at least the same possibility of
detecting the primary tumour as a CT scan. It has previously
been shown that a CT scan is superior to plain X-ray studies,
and has resulted in improving the likelihood of locating the
primary tumour site from approximately 8% to over 30%.
MacMillan and coworkers [16] were able to locate the pri-
mary site in 17 of 46 patients using abdominal CT scan and
this was superior to ultrasonography. Karsell and co-workers
[17] confirmed these results by demonstrating a clinically
occult primary site in 31 of 98 patients (31.6%) with CT
scanning. In addition the false positive rate was only 6%. In
the present PET study the false-positive rate was 20%. In 6 of
9 patients with a true-positive PET scan, a previous per-
formed CT scan was negative. In the latter 3, the chest X-ray
was negative, but chest CT was not performed.

One of the reasons that neither CT scan nor PET scan is
able to locate the primary tumour in a high proportion of
cases might be due to either very small primary tumours or
primary tumour involution. The quality of the CT scanner
may also be of importance. The newer and faster spiral CT
scanners have higher spatial resolution compared to conven-
tional CT scanners which were used in this study.
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Post mortem examinations performed in patients with
unknown primary tumours has shown that approximately
20% of the patients will have a pancreatic carcinoma and
20% a lung cancer [18]. In the present study at least 31% had
a lung cancer. None of these are curable, but chemotherapy
may prolong survival [19] and is considered standard treat-
ment in advanced NSCLC in most oncology centres.

The patients in this study was selected by the referring
hospitals and the denominator is unknown. The diagnostic
procedures used were according to the guidelines of the
Danish Society of Internal Medicine and Danish Society of
Medical Oncology. Only patients with negative findings were
referred to the Finsen Centre and consecutively enrolled if
written informed consent was achieved.

In a recent study of FDG-PET in 13 patients with UPT
and cervical metastases the primary tumour was found in
only 4 patients [20]. Thus, in approximately one third of the
patients, PET can identify the primary tumour after extensive
diagnostic endoscopic procedures have been performed.

Patients with cervical metastases usually receive extensive
radiotherapy and the field target and fractionation is more or
less the same whether a primary tumour of the head and neck
region is found or not. However, if the primary tumour is
found outside this region this treatment may be of no benefit
to the patients, i.e. cervical radiotherapy is not indicated if the
primary tumour is a primary lung cancer. The present data
do not indicate whether true-positive PET scans resulted in
improved survival. Treating earlier possibly could be bene-
ficial, but the clinical impact of PET is more likely to reduce
the time to diagnosis and spare the patients from unnecessary
invasive examinations. However, false-positive PET scans
may also result in extraordinary invasive examinations which,
in fact, may outweigh the benefit gained by PET.

Standardised uptake values (SUV) from PET were not
calculated in this study. This requires transmission scans for
attenuation correction and is more time consuming. Addi-
tionally, interpatient and intrapatient variations may occur.
The plasma glucose levels may affect SUV and not only body
weight, but also fat content play a role for the uptake of FDG
[21-23]. Also, the time to reach a plateau of the FDG con-
centration may differ from tumour to tumour [24] and arti-
factual or physiological uptake may reach SUV levels similar
to pathological levels [15]. False-positive FDG uptake cause
difficulties in the visual interpretation, but this is not reduced
by application of SUV. Multitracer PET studies may reduce
this problem [25], but will also make PET more time con-
suming and expensive. Visual interpretation of PET is more
feasible in this group of patients. Semiquantitative estimates
of FDG uptake is not always necessary when PET is used
diagnostically. However, pancreatic cancer and other deep
structures of the body may be missed when attenuation scan
is not performed, and it is very important to be aware of the
morphological appearance of benign structures, and the
visual interpretation must be made with caution [26]. A
recent report of lesion-to-background ratios in 24 fasting
patients with various tumours indicated that attenuation-
corrected and uncorrected images were equally sensitive in
detection lesions [27]. The efficacy of non-attenuated whole-
body FDG images was similar to the ratios of attenuated
corrected images [27].

In our study the PET evaluations were made by experi-
enced specialists in nuclear medicine. Symmetric FDG
uptake in the buccal region or uptake in the intestines, heart,
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various muscles groups and urinary tract were not considered
pathological.

Our results indicate that whole-body PET with FDG may
be useful in patients with UPT. Initial patient history, clinical
examination, chest X-ray and histological examination
including immunohistochemistry may be sufficient in some of
the cases. We propose that whole-body PET should be per-
formed prior to further diagnostic procedures.

In Denmark, the cost of one whole-body FDG PET
examination is approximately US$1000-1500 which is com-
parable to the cost of a regional MRI or a similar advanced
diagnostic imaging procedure. As one whole body PET scan
with FDG can reveal even small tumours and metastases the
PET scanning is less expensive and cumbersome compared
with the cost of hospitalisation during invasive endoscopic
procedures, including anaesthesia and radiographical exam-
inations, such as ultrasound, CT or MRI. Using PET will
result in a faster diagnosis in one third of the patients, and it
is likely that the majority of these patients will avoid unne-
cessary and expensive diagnostic radiological or invasive pro-
cedures. Furthermore, a few patients will receive a treatment
that is aimed at the correct diagnosis resulting in an improved
chance of cure. However, a detailed prospective analysis of
the cost-effectiveness of PET in patients with UPT is needed
to settle this issue.
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