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Diagnostic and prognostic value of F-18 FDG PET/CT
in patients with carcinoma of unknown primary

Nilufer Bicakci

Department of Nuclear Medicine, SBU Samsun Education and Research Hospital, Turkiye

ABSTRACT

OBJECTIVE: Carcinoma of unknown primary (CUP) is inability to detect primary tumor despite all imaging methods with a
biopsy-proven tumor metastasis. In the present study, we aimed to investigate the diagnostic and prognostic value of F-18
fluorodeoxyglucose (F-18 FDG) positron emission tomography/computed tomography (PET/CT) in patients with CUP.

METHODS: The patients with a diagnosis of CUP between November 2009 and January 2020 were evaluated retrospectively.
A total of 155 patients (96 men and 59 women) were included in the study. Survival rates of the patients were evaluated by
Kaplan—Meier and log-rank statistical analysis.

RESULTS: The correctly determined primary tumor by F-18 FDG PET/CT was found in 64 patients (41%) (true positive).
F-18 FDG PET CT results were negative (false negative) in determining primary tumor localization in 14 (9%) patients whose
had local disease. Of the 155 patients, 66 (42.5%) had true-negative results and 11 (7%) had false-positive results. The
sensitivity of 82%, specificity of 86%, and accuracy of 84% were calculated. The SUV__ value of the malignant lesion was on
average 8.9 (range 3.6-26.1). Kaplan—Meier analysis revealed that the 1-year survival rates were 37.3% in regional disease
and 16% in extensive disease (log-rank test, p=0.021).

CONCLUSION: F-18 FDG PET/CT is a useful method in the detection of primary tumor in patients with CUP. F-18 FDG PET/
CT can be helpful the evaluation of the prognosis by showing the extent of the disease.
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raphy; localized disease.
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Carcinoma of unknown primary (CUP) is defined
as the cases where metastasis has been proven
by biopsy, but the primary tumor cannot be detected
despite extensive clinical studies [1]. Among the tests
used to detect the primary tumor include medical
history, physical examination, tumor-specific chem-
ical markers, and radiological imaging such as X-ray,
magnetic resonance imaging (MRI), computed tomog-
raphy (CT) and mammography, scopic interventions
(gastroscopy, colonoscopy, and bronchoscopy). CUP
has aggressive nature and has a short lifespan between

2 and 10 months [2]. CUP accounts for approximately
0.5-9% of all tumors and the age of onset is around 60
years, CUP ranks 7—-8" among cancers diagnosed in
the world so it is not rare disease [3]. In CUP, primary
tumor can be detected only in 10—35% of patients with
conventional imaging methods [4]. Likewise, the pri-
mary tumor can be detected only 30% of the patients
in the biopsy. There are three main histopathological
types; adenocarcinoma, poorly differentiated adeno-
carcinoma, and undifferentiated adenocarcinoma in

CUP and approximately 80% of patients have unfavor-
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able subtypes. Determining the location of the primary
tumor increases the probability of tumor-specific treat-
ment, thus helping to prolong the survival [5, 6]. Flu-
orine-18-2-fluoro-2-deoxy-D-glucose positron emis-
sion tomography/CT (F-18 FDG PET/CT) imaging
is used routinely in the diagnosis, staging, restaging, and
follow-up in malignancies [7]. F-18 FDG PET/CT is
valuable imaging modality to detect the primary lesion
in 25-80% of patients whose cannot be visualized by
conventional imaging methods. F-18 FDG PET/CT
detects a primary tumor site in 41% of patients with
extracervical metastases (24-63%) [8]. CT and MRI
can show only anatomical abnormalities and abnormal
contrast enhancements. However, F-18 FDG PET/
CT also to gather information about metabolic status
of the tumor. As stated in the previous studies, F-18
FDG PET/CT is a useful imaging method for finding
the primary site with high precision [9]. On the other
hand, some authors indicate that there is no superior-
ity of F-18 FDG PET/CT to radiological methods in
terms of primary site detection of CUP [10].

In the present study, we investigated the diagnostic
and prognostic value of F-18 FDG PET/CT in patient
with CUP who were referred to us with various metas-
tases or clinical suspicion of malignancy.

MATERIALS AND METHODS

Patients

In this retrospective study, patients with a diagnosis of
CUP on F-18 FDG PET/CT imaging between Novem-
ber 2009 to January 2020 were evaluated. The study was
approved by the SBU Samsun Training and Research
Hospital Local Ethics Committee (protocol number:
GOKA/2021/3/9).

Patients whose medical records were lacking or who
had chemotherapy before F-18 FDG PET/CT imaging
were excluded from the study. Finally, 155 patients (96
men and 59 women, age range 18-86 years, mean SD
57+14) were included in the study. In all patients, ap-
propriate conventional diagnostic imaging procedures
including ultrasound, MRI, and/or CT had been per-
formed without identification of the primary tumor. One
hundred and twenty-five of 155 patients had histopatho-
logically proven metastatic disease with unknown pri-
mary origin. Thirty out of 155 patients were recorded as
clinical suspicion of malignancy with their medical his-
tory (significant weight loss, unknown fever, increased

Highlight key points

e Carcinoma of unknown primary (CUP) is a biopsy-proven
tumor metastasis with unidentified primary site despite all
routine imaging methods clinical work-up.

e Whole-body F-18 FDG PET/CT is also useful in the detec-
tion of additional solid organ metastasis and to determine
the extent of metastatic disease. Identification of additional
metastasis may provide more effective treatment and pro-
longed survival in some cases.

e F-18 FDG PET/CT is a useful method in the detection of
primary tumor in patients with CUP and it can be helpful the
evaluation of the prognosis by showing the extent of the
disease.

TABLE 1. The characteristics of 155 patients with carcinoma
of unknown primary (n=155)

Characteristics %
Age
<60 years 46
260 years 53
Sex
Male 61
Female 38

Location of metastatic foci

Lymph nodes metastases 42.6
Cervical LN 60.6
Mediastinal LN 15.1
Axillary LN 13.6
Retroperitoneal LN 9
Inguinal LN 2
Solid organs and others 57.4
Bone metastases 34.8
Liver metastases 29.2
Brain metastases 11.2
Lung metastases 4.49
Breast metastases 1.12
Bone marrow metastases 1.12
Ethmoid sinlis metastases 1.12
Muscle metastases 3.37
Omentum metastases 5.6
Malignant pleural effusion 5.6
Malignant ascites 2.2

LN: Lymph node.

tumor marker, etc.). The clinical characteristics of the pa-
tients are shown in Table 1. The histopathological data
were accepted as the gold standard.
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TABLE 2. The histopathologic characteristic of true-positive
patients

Patients (n=64) %

Adenocarcinoma* 59.3
Squamous cell carcinoma 4.6
Lymphoma 12.5
Extramedullary acute myeloid leuke-mia/myeloid sarcoma 1.5
Epidermoid and invasive ductal breast cancer 10.9
Nasopharynx and oropharynx cancer 4.6
Renal cell cancer 1.5
Ovarian cancer 3.1
Malign melanoma 1.5

SD: Standard deviation.

Fluorodeoxyglucose PET/CT Imaging
All patients underwent F-18 FDG PET/CT imaging,

after 68 h of fasting. Blood glucose level was measured
in each patient before the FDG injection. Oral contrast
was given to each patient before scanning. Sixty min-
utes after the 250-370 MBq of F-18 FDGQ intravenous
administration, position was given to the patients as
a supine position on the table. PET/CT imaging was
taken from skull to the upper thighs. F-18 FDG imag-
ing was performed with time of flight (TOF) PET/16-
section CT (Philips Gemini TF) and the PET detector
crystal material was LYSO. The CT transmission scan
was recorded with 140 kVp and 110 mA and 5 mm
slice thickness. The maximum standard uptake values
(SUV_ ) were calculated. Primary tumor assessment
on the PET images was performed by the detection of
focally increased glucose (F-18 FDG) metabolism with
a SUV__ >2.5. Malignancy diagnosis is not only based
on increased F-18 FDG findings but also these lesions
were also accepted as malignant by evaluating of patients’
medical history, physical examination findings, labora-
tory parameters, and the correlation with the non-di-
agnostic CT images which were concurrently obtained
with a PET study. The rate of primary tumor detection
was given with the PET/CT and histopathological re-
sults together (Table 2).

Data Analysis

The histopathologically confirmed primary site of ma-
lignancy was accepted as true-positive (TP) only. The
finding which was not confirmed histopathologically was

regarded as false-positive (FP) diagnosis. The multiple
hypermetabolic lesions may be found. However, they
could not have been differentiated neither in F-18 FDG
PET/CT nor in histopathology. In this situation, they
were classified as true negative (TN). When the site of
primary was not identified by F-18 FDG PET/CT but
proved in histopathologic examination, it was regarded

as false negative (FN).

Statistical Analysis

We compared the 1-year survival of CUP patients with
multiple metastatic diseases and those with local disease.
For statistical analysis, IBM Statistical Package for the
Social Sciences (SPSS) for Windows (Version 22.0,
Armonk, NY: IBM Corp.) program was used. The Ka-
plan—Meier test was used for survival analysis. The log-
rank test was applied for comparison of the survivors.

The sensitivity, specificity, and accuracy of F-18 FDG
PET/CT in detecting primary tumor were calculated
using the following standard statistical formula: Sensi-
tivity = TP/(TP + FN), specificity = TN/(TN + FP),
and accuracy = (TP + TN)/(TP + FP + TN + EN).

RESULTS

One hundred and fifty-five patients with CUP aged 18—
86 years (mean £SD: 57+14) were included in the study.
Ninety-six were male and 59 were female. One hundred
and twenty-five of 155 patients had histopathologically
proven metastatic disease with unknown primary site.
F-18 FDG PET/CT was able to detect a biopsy-proven
primary tumor in 49 of 125 patients: Lung (n: 25),
colon (n: 4), breast (n: 4), pancreas (n: 3), ovary (n: 2),
nasopharynx (n: 2), and the others (n: 10). F-18 FDG
PET/CT identified focal FDG uptake indicative of a
primary tumor in nine of 125 which were not confirmed
histopathologically. Primary tumor was not detected
during the follow-up five of 125 patients with negative
F-18 FDG PET/CT. Thirty out of 155 patients were
recorded as clinical suspicion of malignancy with their
medical history and laboratory examinations (profound
weight loss, unknown fever, increased tumor marker,
etc.). F-18 FDG PET/CT was able to detect a biop-
sy-proven primary tumor in 15 of 30 those patients in-
cluding six non-small-cell lung cancers, four diffuse large
B-cell lymphomas, three invasive ductal cancers, one
small-cell lung cancer, and one gastric adenocarcinoma.
Primary tumor was not detected in four of 30 patients in
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FIGURE . (A) A 66-year-old male patient MIP F-18 FDG PET/
CT image with carcinoma of unknown primary. Increased
accumulations of F-18 FDG were present in metastatic le-
sions with multiple and focal lytic-weighted lesions in the
skeletal system (SUV__: 3.9-5.1). (B) A 24-year-old male
patient who was diagnosed with chronic invasive fungal si-
nusitis in sphenoid sinuses on CT and referred to our clinic
due to clinical complaints. Hypermetabolic involvement
consistent with malignancy in sphenoid sinuses (SUV__:
13.2) and widespread metastatic muscle involvement were
detected in MIP F-18 FDG PET/CT images, and histopatho-
logic diagnosis was reported as extramedullary acute
myeloid leukemia/myeloid sarcoma. (C) A 61-year-old male
patient with cervical lymph node metastases. Metastatic
histology was adenocarcinoma metastases. In the MIP F-18
FDG PET/CT image, there was a hypodense nodule of 4x3
cm in size showing increased F-18 FDG accumulation in the
right thyroid lobe (SUV__ : 14.2). Histopathological evalua-
tion of the patient for whom we recommended histopatho-
logical examination for thyroid cancer was reported as a
benign nodule.

F-18 FDG PET/CT. In two of 30 patients, F-18 FDG
PET/CT identified focal FDG uptake in lung. However,
these results of F-18 FDG PET/CT were not confirmed
histopathologically. F-18 FDG PET/CT was unable to
identify the primary tumor in nine of 30 patients which
had histopathologically proven primary malignancy.

TP Results

Primary tumors were correctly detected in 64 of 155
patients by F-18 FDG PET/CT whole-body imaging
(44 males and 20 females). The 64 patients were aged
between 24 and 79 years (Fig. 1). Primary tumors were
confirmed histopathologically. The lung carcinoma was
the most common detected tumor in our patients and all
the primary tumor diagnosis are shown in Table 3.

Survival functions

1.0 Type of disease
-1 Extensive metastasized disease
Localized disease
0.8 Extensive metastasized
disease-censored
Localized disease-censored
g 0.6
>
2
£
3 0.4
0.2
0.0
T T T T T T
00.00 10.00 20.00 30.00 40.00 50.00

Survival (months)

FIGURE 2. Survival analysis.

FP Results
F-18 FDG PET/CT identified focal FDG uptake

indicative of a primary tumor in 11 patients (Fig. 1).
However, positive results of F-18 FDG PET/CT were

not confirmed histologically or identified during the
follow-up (Table 4).

TN Results

Primary tumors could not be detected during the fol-

low-up in 66 patients with F-18 FDG PET/CT (Fig. 1).

FN Results

Primary tumor was not detected during the follow-up of

14 patients with negative F-18 FDG PET/CT (Table 5).

Diagnostic Values of F-18 FDG PET/CT in CUP

The sensitivity, specificity, and accuracy of F-18 FDG
PET/CT in the detection of primary tumor site were
82%, 86%, and 84%, respectively. The median SUvV__
of the lesions with maximum uptake in patients with
remaining malignant lesions on F-18 FDG PET/CT
was 8.9 (range, 3.6-26.1). The 1-year survival rates were
37.3% in locoregional disease, 16% in the multiple meta-
static disease on F-18 FDG PET/CT by Kaplan—Meier
analysis (log-rank test, p=0.021) (Fig. 2).
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DISCUSSION

The subject of this study is patients with cancer of un-
known primary (CUP) who referred our clinic with var-
ious site lesions suspected of cancer metastasis or clini-
cal suspicion. Our results demonstrated that F-18 FDG
PET/CT has beneficial role in detecting of primary site
of tumor and additional metastasis. F-18 FDG PET/CT
can also contribute to the evaluation of the prognosis.

Nowadays, CT and MR are routinely used imaging
methods in the detection and follow-up of tumors. The
main advantage of these methods is the cross-sectional
images of the whole body which is also especially im-
portant in patients with CUP. However, the detection
of only structural abnormalities and pathological con-
trast enhancements are the main limitations of CT and
MRUI. In some cases, tumor cannot be detected such as
very small lesions or non-enhancing lesions. One of the
main characteristics of primary tumor is too small to be
detected in many patients with CUP [1, 11]. In addition,
metabolic changes can occur without accompanying
anatomical pathologies and cannot be showed by con-
ventional imaging modalities. Therefore, CT and MRI
may be insufficient and limited to the detection of CUP
with low sensitivity [12].

The reasons why the most primary tumors cannot be
detected in CUP are still unclear. There are some sugges-
tions that spontaneous disappearance (angiogenetic) af-
ter metastasis, destruction of the primary tumor by im-
mune system-related causes, so tiny tumor to detect by
imaging methods or the necrotic tumor on the intestinal
wall is removed through the gastrointestinal tract [1, 11].

FDG is a very suitable radiotracer for PET imag-
ing due to increase in glucose metabolism in most can-
cer types (Warburg effect) [13]. F-18 FDG PET/CT
modality can identify abnormal metabolic properties
of the structures.

It was recently reported that F-18 FDG PET/CT
is superior to CT and MRI imaging in the detection of
CUP. In one study, while CT alone was demonstrated
to identify the primary site only in 8 patients (18%), on
the other hand, F-18 FDG PET/CT was able to de-
tect the primary site in 15 patients (33%) [14]. In our
study, F-18 FDG PET/CT detected primary tumors
in 64 of 155 patients (41.2%).

In the study of Han et al. [12], sensitivity, speci-
ficity, and accuracy of F-18 FDG PET/CT were noted
as 91.5%, 85.2%, and 88.3%, respectively. These results

were lower in a study of Cengiz et al. [15] as 84%, 78%,
and 82%. In our study, we detected the sensitivity, speci-
ficity rates, and accuracy of F-18 FDG PET/CT of pri-
mary tumor that 82%, 86%, and 84%, respectively.

F-18 FDG PET/CT whole-body imaging is not only
could detect the primary site but also present the extent
of metastatic disease. Accordingly, F-18 FDG PET/CT
prevents further imaging and invasive procedures and
provides to start faster suitable therapy [16].

Lung, nasopharynx, oropharyngeal, and pancreatic
cancer were declared to be most common primary tu-
mors in patients with CUP [15]. Autopsy studies also
showed that lung and pancreatic cancer are also the most
common primary tumor [17]. In our study, the most
common sites for primary tumors were lung (51%), lym-
phoma (12.5%), and colon (7.8%). In addition, we were
able to localize carcinoma of ovarian, nasopharyngeal,
oropharyngeal, breast (invasive and epidermoid), gastric,
pancreatic, renal cell, and extramedullary acute myeloid
leukemia and malign melanoma.

The most often reported locations of false-positive
results in F-18 FDG PET/CT imaging were the lung
and the oropharynx (15%) [18]. The cause of that may
be FDG uptake in benign conditions with increased gly-
colysis or high physiological FDG uptake. Unlikely in
our study, two out of the 11 false-positive results were
detected in the lung. However, the thyroid was the most
common site in five patients of false-positive results.
FDG uptake in thyroid carcinomas as well as thyroiditis,
follicular adenomas, or nodular goiters may be the cause
of this result [19]. Other false-positive results occurred
in the abdomen. We supported that the combination
of functional and anatomical imaging (positron emis-
sion tomography and computerized tomography scans)
should reduce the rate of false-positive diagnosis.

In our study, the primary tumor could not be detected
in 80 patients (51.6%). Primary tumors were detected
histopathologically alone in 14 of 155 (9%) patients and
it was considered as FN. Breast cancer was the most
common cause of false-negative F-18 FDG PET/CT
results (27%) [20]. It was because of the inability of F-18
FDG PET/CT to show lesions smaller than <1.0 cm
and low-grade lesions with decreased or no FDG uptake.
However, false-negative F-18 FDG PET/CT results of
our study were prostate cancet, low-grade lymphomas,
and head-and-neck cancers. Interestingly, we did not de-
tect breast tumor in the present study. We suggest that
our FN results may be due to the low signal-to-noise ra-
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tio, low tumor differentiation, or low spatial resolution of
the PET system for the detecting small lesions.

Yapar et al. [4] showed that lymph node metastasis
was localized in 30 patients of 94 patients (41%) and
metastatic localization was most often detected in cervi-
cal lymph nodes in 21 (70%) of those patients. Park et al.
[21] detected that lymph nodes metastasis in 11 patients
with the most frequent metastatic localization was in the
cervical lymph nodes in series with 20 patients. Yu et al.
[7] detected lymph node metastasis in 330 of 449 pa-
tients and determined the metastatic localizations as cet-
vical (37.6%), supraclavicular (12.9%), axillary (10.9%),
mediastinal (2.7%), and retroperitoneal (2.2%), respec-
tively. In 66 patients of 155 patients had lymph nodes
metastases (42.6%) in our study group. Similarly, we
found that 40 (60.6%) had cervical, 10 (15.1%) mediasti-
nal, 9 (13.6%) axillary, 6 (9%) retroperitoneal, and 1 (2%)
inguinal lymph node metastasis. Whole-body F-18 FDG
PET/CT is also useful in the detection of additional
solid organ metastasis and determination of the extent of
metastatic disease [1]. Identification of additional metas-
tasis may provide more effective treatment and prolonged
survival in some cases. We also detected other solid organ
metastases in 82 (52.9%) of 155 patients.

F-18 FDG PET/CT can detect second primary tu-
mors [22]. We also detected second primary tumor in
one patient. The primary tumor located in the lung, and
additionally, we identified a second primary tumor in the

colon in F-18 FDG PET/CT imaging.
High SUV__ and F-18 FDG uptake pattern on PET/

CT scan are considered an important parameter for locat-
ing the primary tumor. The SUV-based quantitative anal-
ysis of the hypermetabolic lesions is very useful to make
difference between benign from malignant tumors. At
present, a maximum SUV of 2.5 is a widely accepted stan-
dard threshold in the diagnosis of the malignancy [23]. In
our study, the SUV__of the lesion with maximum uptake
in patients with remaining malignant lesions on F-18 FDG

PET/CT was in the median of 8.9 (range, 3.6-26.1).
Unlike CT and MRI, F-18 FDG PET/CT provides

high lesion-to-background contrast. This characteristic
makes F-18 FDG PET/CT a potentially more sensitive
imaging modality in detection of primary sites and metas-
tasis [24]. On the other hand, in a prospective study,
it was found that there were no significant differences
between of the imaging methods of F-18 FDG PET/
CT and CT regarding sensitivity, specificity, and accu-
racy [10]. In this prospective study, TP primary tumor

sites identified 38 (28.1%) in F-18 FDG PET/CT and
43 (31.9%) in CT. In addition, whole-body MR imaging
may be alternative to F-18 FDG PET/CT. There is no
potentially harmful radiotracer in MR and MR contrast
agents are more preferred compared CT with iodinated
contrast [25]. However, in the literature, there are not
enough reports on the diagnostic competency of whole-

body MRI in detecting of CUP [26].

Conclusion

Whole-body F-18 FDG PET/CT imaging is both non-
invasive and sensitive modality allowing for the detection
of a primary tumors and additional metastasis in patients
with CUP. Hence, F-18 FDG PET/CT is also useful
helping in the decision of the therapeutic approach. We
suggest that F-18 FDG PET/CT is convenient whole-
body imaging modality in patients with CUP for diag-

nostic and prognostic evaluation.
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