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Abstract An unknown primary tumor (UPT) is defined as a
biopsy-proven malignancy whose anatomic origin remains
unidentified after diagnostic evaluation. The estimated inci-
dence of unknown primary tumors is 2 %—7 % of all malig-
nancies. In 15-25 % of cases, the primary site cannot be
identified even on postmortem examination. The management
of these patients remains a clinical challenge. The aim of this
study was to determine the role of 18FDG-PET CT in evalu-
ation of primary tumor and its influence on therapeutic man-
agement. Fifty patients with histologically-proven metastases
of UPT were included. For all patients, the conventional
diagnostic work-up was unsuccessful in localizing the primary
site. Whole-body PET/CT images were obtained approxi-
mately 60 min after intravenous injection of 350425 MBq
of (18) F-FDG. PET/(CT) depicted histologically verified
primary tumors in 210f 46 patients (P>.05), achieving detec-
tion rates of approx. 61 % in patients presenting with cervical
lymph node metastases from unknown primary tumors, and
40 % in those with extra cervical disease presentation. A
positive predictive value of 72 % to 92 % was seen for all
patients, depending on category of clinical presentation. In
this study, PET/CT detection of additional metastases in
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14.2 % (3 cases out of 21 true positives) influenced change
in management plan. Considering recent studies and the
results of this study, whole body FDG-PET/CT has to be
considered a useful tool in evaluating metastases from an
UPT, allowing an identification of primary tumors in 42 %,
and modifying the stage of the disease and oncological treat-
ment in about 50 % of cases. These results suggest the use of
PET/CT with FDG in an early phase of the diagnostic evalu-
ation to optimize the management of these patients.
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Introduction

Carcinoma of unknown primary tumour (UPT) is a diverse
group of cancers that is defined by the presence of histolog-
ical confirmed metastases in the absence of an identifiable
primary malignancy despite a standardized diagnostic ap-
proach, comprising thorough clinical history, and physical
examination, and laboratory investigations, and histological
evaluation of routinely stained sections [1]. This may rep-
resent a very challenging problem both from the diagnostic
and the therapeutic point of view [2, 3].

The criteria for UPT include a biopsy proven malignancy
for which the anatomic origin is unknown after a medical
history has been obtained, a detailed physical examination
has been performed, and liver and kidney function tests,
blood tests, chest radiography, abdomen and pelvis comput-
ed tomography (CT), and mammography or a prostate-
specific antigen (PSA) test have been performed. UPT
presents metastatic dissemination patterns that may be dif-
ferent from those observed in oncology with known primary
tumours:

(a) Short symptomatic pre-diagnostic intervals and clini-
cally fast tumour growth have been observed.
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Fig. 1 Sex distribution of cases

(b) UPT becomes symptomatic at the time of dissemination,
whereas the primary site remains symptomatically
silent.

The more routine use of electron microscopy and immu-
nohistochemistry and the emerging field of molecular ge-
netics are contributing to the more precise diagnosis of
neoplasms.

The primary tumour is identified post mortem in 50 % to
75 % of cases. Post-mortem studies identify the lung or the
pancreas as the site of the primary in about half of these
cases [4]. The primary tumour is more rarely found in the
liver, bile ducts, colon, rectum, or kidneys.

The typical patient with UPT presents with symptoms
referable to a metastatic site. The initial work-up, including
physical examination, laboratory and radiographic study
performed to identify the primary site includes:

*  Medical history, physical examination, including testicu-
lar palpation for men and breast examination for women
» Histology and cytology with immunohistology.
Light microscopic evaluation of biopsy material places
the tumor into one of five histological categories, which
then guides further evaluation:

— Adenocarcinoma—approximately 70 %
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Fig. 3 Distribution of sites of metastases

— Poorly differentiated carcinoma—15 to 20 %; an
additional 10 % represent poorly differentiated
adenocarcinoma

— Poorly differentiated neoplasm—Iess than 5 %

— Squamous cell carcinoma—35 %

— Neuroendocrine carcinoma—Iess than 5 %

* CT neck, chest, abdomen and pelvis

*  Women: gynaecological investigation

* Routine laboratory, PSA (men >40 years), AFP, beta-
hCG

» Additional diagnostic procedures depending on working
diagnosis, if this is of therapeutic consequence

» AFP, alpha-fetoprotein; beta-hCG,

* CT, computed tomography; PSA, prostate-specific
antigen

The detection of primary tumor in patients with UPT may
be important for several reasons, including finding a tumour
and allowing therapy to be targeted as appropriately as
possible.

In 1994, studies that evaluated the usefulness of PET with
18 F-FDG in detecting the primary tumour in patients with
UPT began to be published. The reason was the technique’s
capacity to detect different tumour types in all of the body
non-invasively, and in a single examination.
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Table 1 Demographic data of enrolled patients

No Age Sex Metastases Histology Primary Positivity Addl Mets (biopsy proven)
1 54 M Axillary Sq carcinoma Lung TP -
2 29 F Cervical Adenocarcinoma Lung TP -
3 63 F Axillary Adenocarcinoma Uterus TP -
4 57 M Cervical Undiff carcinoma Not identified - -
5 64 M Cervical Adenocarcinoma Pancreas TP -
6 76 M Mediastinal Sq carcinoma Lung TP Other lung
7 44 M Peritoneal Undiff carcinoma Not identified - -
8 43 M Cervical Undiff carcinoma Nasopharynx TP -
9 61 M Cervical Sq carcinoma Oropharynx TP -
10 70 M Axillary Undiff carcinoma Not identified - -
11 49 F Inguinal Undiff carcinoma Not identified - -
12 33 M Peritoneal Adenocarcinoma Not identified - -
13 62 F Hepatic Adenocarcinoma Pancreas - -
14 71 M Cervical Adenocarcinoma Colon FP -
15 58 F Axillary Undiff carcinoma Not identified - -
16 55 F Retroperitoneal Adenocarcinoma Not identified - -
17 48 M Inguinal Sq carcinoma Not identified - -
18 53 M Peritoneal Undiff carcinoma Not identified - -
19 60 F Inguinal Undiff carcinoma Not identified - -
20 58 F Cervical Sq carcinoma Oropharynx TP -
21 47 M Mediastinal Adenocarcinoma Not identified - -
22 33 M Axillary Adenocarcinoma Not identified - -
23 65 M Peritoneal Adenocarcinoma Colon TP -
24 28 M Inguinal Sq carcinoma Not identified - -
25 26 F Mediastinal Undiff carcinoma Not identified - -
26 70 M Cervical Sq carcinoma Oropharynx TP Pulmonary
27 60 M Cervical Adenocarcinoma Oropharynx FP -
28 61 F Inguinal Sq carcinoma Not identified - -
29 54 F Peritoneal Adenocarcinoma Not identified - -
30 56 F Inguinal Sq carcinoma Anal canal TP -
31 71 M Axillary Undiff carcinoma Not identified - -
32 68 M Hepatic Adenocarcinoma Colon TP -
33 64 M Cervical Sq carcinoma Nasopharynx TP -
34 62 F Cervical Undiff carcinoma Not identified - -
35 63 M Inguinal Undiff carcinoma Not identified - -
36 59 M Cervical Sq carcinoma Esophagus TP -
37 73 F Peritoneal Adenocarcinoma Stomach TP -
38 46 M Skeletal Adenocarcinoma Lung TP -
39 62 F Hepatic Adenocarcinoma Not identified - -
40 54 M Cerebral Adenocarcinoma Lung TP -
41 34 F Cervical Adenocarcinoma Colon FP -
42 56 M Cervical Undiff carcinoma Not identified - -
43 54 M Cervical Undiff carcinoma Not identified - -
44 63 M Cervical Sq carcinoma Not identified - -
45 49 M Cerebral Undiff carcinoma Not identified - -
46 54 F Peritoneal Adenocarcinoma Not identified - -
47 39 F Axillary Adenocarcinoma Breast TP -
48 52 M Skeletal Adenocarcinoma Lung FP -
49 49 F Peritoneal Adenocarcinoma Colon TP -
50 62 M Mediastinal Sq carcinoma Lung TP Skeletal
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Material and Methods
Patients

From May 2008 to May 2010, 50 consecutive patients with
cancer of an unknown primary tumor were enrolled in the
study, which was conducted in accordance with guide-
lines approved by this institution. In all these cases, the
primary tumour could not be detected by conventional
diagnostic modalities including CT/MRI scans, mammog-
raphy, endoscopies, and tumour marker assays. There
were 31 men and 19 women, in an age range of 29-76 years
(Figs. 1 and 2).

There were 35 lymph node metastases; 16 of which cervi-
cal, 7 axillary, 7 inguinal, 4 mediastinal, and 1 retroperitoneal.
There were 8 peritoneal metastases, 3 liver metastases, 2
skeletal metastases, and 2 cerebral metastases (Fig. 3).

Histologic findings of at least one metastatic site were
available in all patients and revealed adenocarcinoma in 22
patients and squamous cell carcinoma in 13 patients. In 15
patients, histopathology findings revealed undifferentiated
carcinoma (Fig. 4).

Patients were assigned the following two groups:

Group 1: patients with extra-cervical metastases,
Group 2: patients with cervical metastases.

A complete medical history and thorough physical ex-
amination had been performed in all patients. Furthermore,
all patients underwent conventional diagnostic studies that
included comprehensive laboratory analysis, imaging stud-
ies, tumour marker assays, immunohistochemistry, and en-
doscopic procedures where indicated. In all patients, the
primary tumor had remained elusive.

PET/CT Imaging

Dual-modality PET/CT was performed by using a Biograph
scanner. Patients had been instructed to fast for a minimum
of 6 h prior to starting the examination. Blood samples
collected before the injection of the radioactive tracer en-
sured blood glucose levels in the normal range.

The 18 F-FDG- PET/CT emission data of the whole body
distribution of the tracer was acquired in 3D mode. Images
reconstruction was then performed, and image analysis of the
whole body 18 F- FDG- PET/CT scan was evaluated by
nuclear medicine physician, generating a clinical report after
reviewing previous imaging results and clinical information.

Statistical Analysis
Data analysis was performed for all patients, for patients

with extra-cervical lymph node involvement (Group 1), and
patients with cervical lymph node metastases (Group 2).

PET Depicted Primary Site

Fig. 5 Sites of Primary Tumour depicted by PET/CT

Sensitivity and positive predictive values regarding the de-
tection of the primary tumours were calculated.

A confidence level of less than 0.05 was considered to be
statistically significant. Demographic data of all patients is
summarized in Table 1.

Observations
Primary Tumor Diagnosis

PET scan data sets helped identify more primary tumours
than any of the other imaging modalities, although the
difference did not prove to be statistically significant.

In all these cases, the primary tumour had remained un-
identified by conventional diagnostic modalities including
CT/MRI scans, mammography, endoscopies, and tumour
marker assays.

PET/(CT) depicted primary tumours in 25 (50 %) of 50
patients (P>.05, Chi square Test).

Histologic findings subsequently confirmed the diagnosis
in 21 patients (Fig. 5).

There were 4 (8 %) false-positive interpretations. In these
cases, pathologic evaluation revealed two cases of colitis,
one case each of pharyngitis, and pulmonary inflammation,

Statistical Distribution

FalsePositives

TruePositives

PET Negatives

Fig. 6 Statistical classification of findings
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Table 2 Whole-body FDG- PET/CT findings in the 50 CUP syndrome cases enrolled

Biopsy proven Mets N Histology TP Primary site FP PET CT indicated primary site NI
Cervical LN 16 Adenoca (5) 8 Nasopharynx (5) 3 Colon (2) 5
Sq ca (6) Lung (1) Oropharynx (1)
Undiff (5) Esophagus (1)
Pancreas (1)
Extra cervical LN 19 Adenoca (5) 6 Lung (3) - 13
Sq ca (7) Breast (1)
Undift (7) Uterus (1)
Anal Canal (1)
Cerebral 2 Adenoca (1) 1 Lung (1) — 1
Undiff (1)
Hepatic 3 Adenoca (3) 2 Stomach (1) - 1
Colon (1)
Peritoneal 8 Adenoca (6) 3 Colon (2) - 5
Undift (2) Stomach (1)
Skeletal 2 Adenoca (2) Lung (1) 1 Lung (1) -
Total 50 21 4 25

TP True Positive, FP False Positive, NI Not identified

without signs of malignancy. In 25 (50 %) patients, the
primary site was not identified on PET/CT data (P>.05,
Chi square Test) (Fig. 6).

Whole body FDG-PET/CT scan findings in the 50 cases
are summarized in Table 2.

Statistical findings are shown in Table 3.

Analysis
Group 1: Extracervical Metastases

When only patients in group 1 were considered, PET/CT
depicted 14 of 34 (41 %) primary tumours (P>.05, Chi
square Test), with one false-positive finding.

Sensitivity (39.3 %) and positive predictive value (92.8 %)
for assessment of patients in group 1 are summarized in
Table 3 below.

Group 2: Cervical Metastases

When only patients in Group 2 were considered, PET/(CT)
helped identify the primary tumour in 11of 16 (68.75 %)
patients, with three false-positive findings (P>.05, Chi
square Test).

Sensitivity (61.5 %) and positive predictive value (72.7 %)
are shown in Table 4.

FDG- PET/CT identified further unexpected parenchy-
mal/bone metastases in 3 out of the 25 patients. Finally, in
this patient population, the following oncological treatment
was influenced by whole body FDG- PET/CT scan in a total
of 25 patients:

a) 21 cases in which the primary site was identified, spe-
cific oncological treatment was started;

b) In 3 cases in which additional metastases was detected
on FDG-PET/CT, the disease stage was modified.

Table 3 Statistical findings
HPE positive

PET positive 21

(13) Extracervical

(8) Cervical
PET negative 25

(20) Extracervical

*#% Dye to inherent study design (5) Cervical

True negatives cannot be .
obtained Diseased

Sensitivity = a/(a + ¢), Specifici- Positive test

ty =d/(b + d), Positive predictive Negative test
value = a/(a + b), Negative Total
predictive value = d/(c + d)

True positives (a)
False-negatives (c)
Total with disease(a + c)

HPE negative
4
(1) Extracervical

(3) Cervical
*x%

Not Diseased Total
False-positives (b) Test positives (a + b)
True negatives (d)

Total without disease(b + d)

Test negatives (¢ + d)
Total screened (a + b + ¢ +d)
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Table 4 Statistical analysis (based on above shown formulas)

Positive
predictive value

Sensitivity

Detection of the primary lesion
in patients with cancer of
unknown primary tumor

Detection of the primary tumor
in patients with extra cervical
metastases (group 1)

Detection of the primary tumor
in patients with cervical
metastases (group 2)

45.6 % (21/46) 84 % (21/25)

39.3 % (13/33) 92 % (13/14)

61.5 % (8/13) 722 % (8/11)

Discussion

Prognosis in patients with cancer of an unknown pri-
mary tumor is generally poor, with a median survival
time ranging between 4 and 11 months; however, pa-
tient care and survival rates are dependent on the
knowledge of the primary tumor and localized or dis-
seminated disease [5]

The identification of the primary tumor may offer the
possibility of a more specific and effective treatment with an
improvement of survival time [6]. The key role of whole body
FDG-PET scan in this field has been showed by previous
studies, and these data led the German Consensus Conference
to recognize, in 2001, the whole body FDG-PET study as a
standard diagnostic technique, i.e. scientifically proved bene-
fit and established clinical use in patient with Carcinoma of
unknown primary syndrome (CUPS) [7]. At this time, to the
best of our knowledge, there are only a few published papers
on CUP syndrome and whole body FDG-PET/CT scan.

In the present study involving 50 cases of metastases
from unknown primary tumour, detection rates of 50 %
(25/50) were achieved. At the same time, the positive pre-
dictive value of 72 % to 92 % was seen for all patients,
depending on the category (cervical/extra-cervical) of clin-
ical presentation.

If FDG- PET/CT (/CT) findings are positive, confirmatory
biopsy is necessary because of the risk of false-positive results
[8]. Literature on the exact causes of false positive FDG-
PET/CT/CT results is scarce, although benign inflammatory
lesions and pulmonary infarction have been reported aetiolo-
gies [9]. The oropharynx and the lung are the two most com-
mon locations of false-positive FDG- PET/CT/CT results [10].

In this study too, there was one false positive each in lung
and oropharynx out of four false positive cases.

A further scope of FDG- PET/CT/CT is its ability to
identify additional metastatic sites, which may have impor-
tant implications for patient management. Despite intensive
literature search, there appears to be no study that has
investigated the role of FDG PET CT in modification of

treatment plan. Therefore, the additional value of FDG-
PET/CT/CT to patients with UPT and its cost-effectiveness
should be further investigated.

Nevertheless, the failure rate of 50 % for non-detectable
primary cancers points to how much room there is for improve-
ment in optimizing diagnostic strategies in patients with cancer
of an unknown primary tumor. In most cases, the primary
tumor remains unidentified during the patients’ lifetime

These results support the idea that, in metastases from
UPT, whole body PET/CT scan with FDG can have a
clinical impact and should be performed early in the workup
of the patients.

Conclusions

Considering recent studies and the results of this study, whole
body FDG-PET/CT has to be considered a useful tool in
evaluating metastases from an UPT, allowing an identification
of primary tumours in 1 out of 2 cases, and modifying the
stage of the disease and oncological treatment in about 50 %
of cases. These results suggest that the use of PET/CT with
FDG is complimentary in the diagnostic evaluation to opti-
mize the management of these patients.
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