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The aim of this study was to evaluate the diagnostic performance and the utility of F-18-fluorodeoxyglucose (FDG)
positron emission tomography-computed tomography (PET/CT) in the clinical management of patients presenting with
lymph node metastasis of undefined primary origin (CUP). A total of 53 patients (34 males, 19 females) with a diagnosis
of lymph node metastasis according to the histopathology and/or conventional imaging were enrolled in this retrospective
study. Patients were divided into four groups according to the initial location of their metastasis - group 1, cervical lymph
nodes (n=39), group 2, axillary lymph nodes (n=6), group 3, mediastinal lymph nodes (n=2) and group 4, abdominal and
pelvic lymph nodes (n=6). The site of a probable primary malignancy suggested by PET/CT was confirmed by biopsy/
further investigations or follow-up. 18F-FDG PET/CT accurately detected the primary carcinoma in 19 of 53 patients
(36%), with head and neck cancer and lung carcinoma being the most common primary locations. The PET-CT scan results
were negative for primary site localization in 13% of patients (false-negative), while 45% had true negative results, and 6%
displayed false-positive results. Additional distant metastatic foci were identified in 21 of all patients (40%). The overall
sensitivity, specificity, and accuracy rates of the study were identified as 73%, 89%, and 81%, respectively; in the group with
cervical lymph node metastasis sensitivity 70% and specificity 84%. To conclude, 18F-FDG PET/CT is a sensitive and selec-
tive procedure for detecting unknown primary tumors, especially in the clinical setting of cervical lymph node metastasis
and its use should be encouraged earlier in the pre-treatment phase of CUP-patients, leading to higher detection of probable

primary sites, guiding subsequent biopsy, and more accurate detection of distant metastases in a single examination.
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Cancer of unknown primary site (CUP) is a well-recog-
nized clinical syndrome, characterized by early dissemina-
tion, clinical absence of the primary tumor, the unpredict-
ability of metastatic pattern, and aggressive behavior. CUPs
account for 3-5% of all malignancies, being the seventh to
eighth most frequently occurring cancer in the world and the
fourth most common cause of cancer-related death in both
men and women. More than 50% of CUP patients present
with multiple sites of involvement, while the rest have a
single site, most commonly in the liver, bones, lungs, or
lymph nodes [1, 2]. Those with primary detected lymph node
involvement represent a specific group due to the fact that
some of these subsets require specific treatment approaches
and have the potential for an excellent outcome as squamous
cell carcinoma involving cervical lymph nodes, women with

adenocarcinoma involving only axillary lymph nodes, poorly
differentiated carcinoma with midline distribution (extrago-
nadal germ cell), isolated inguinal adenopathy (squamous
carcinoma), and patients with a single, small, potentially
resectable tumor. Identification and treatment of these
patients are of paramount importance, considering that the
median overall survival varies in the range of one year [3-6].
Therefore, avoiding endless diagnostic studies and taking a
rapid decision about treatment options is crucial.
Unfortunately, the conventional imaging methods identify
the site of primary in only 20-27% of cases [7]. Fluorode-
oxyglucose (FDG) positron emission tomography/computed
tomography (PET/CT) is a valuable modern imaging
technique for patients with CUP, particularly in those with
squamous cell cancer in cervical lymph nodes. However,
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the detection rate of CUP by 18F-FDG PET varies in a large
range, between 8% and 57% in the literature with an overall
rate of about 39% [8-10]. Despite the observed heterogeneity
in terms of detection rate, some centers even recommend it
as an initial screening investigation for CUP [11].

The aim of this study is to evaluate the impact of F-18-fluo-
rodeoxyglucose positron emission tomography-computed
tomography in patients presenting with metastatic lymph
node involvement of undefined primary origin.

Patients and methods

This is a retrospective study of 53 patients with isolated
lymph node involvement from unknown primary, who
were referred for 18F-FDG PET/CT scan during the period
2012-2016. Forty-nine out of 53 patients were proved to
have metastases histopathologically and only four patients
had highly suspicious metastases by conventional imaging.
However, prior to receiving the F-18 FDG PET/CT scan,
the primary could not be confirmed using regular methods,
including detailed physical examination, serum tumor
marker test, and other imaging auxiliary examinations
including chest X-ray, CT, magnetic resonance imaging
(MRI), mammography (in females), cervical ultrasonog-
raphy, and endoscopy. Exclusion criteria were the detec-
tion of a primary tumor by any other investigation tool. The
included patients were divided into several groups according
to the initial localization of metastatic foci-group 1 (cervical
lymph nodes, n=39), group 2 (axillary lymph nodes, n=6),
group 3 (mediastinal lymph nodes, n=2), and group 4
(abdominal and pelvic lymph nodes, n=6). The present study
was approved by our institutional ethical review committee
and all patients provided written informed consent prior to
the PET/CT imaging.

Scan protocol. Whole body 18F-FDG PET/CT was
performed by using an integrated PET/CT scanner (GE 600
Discovery, 16 Slice, Time of Flight). Patients were fasted
for at least 6-8 hours before injection. Blood glucose level
was below 10 mmol/l at the time of radiotracer injection.
Sixty minutes after IV administration of 3-3.5MBq/kg
(270-370 MBq) 18F-FDG image acquisition commenced
craniocaudally with the CT component performing by a
multidetector CT scanner and the following parameters: auto
mAs (50-120), 120 kV, 2.5 mm slice thickness. The PET data
were then collected in the reverse direction immediately after
CT acquisition with a time of 2-4 minutes per bed position.
All patients received an oral or intravenous contrast. When
an intravenous contrast was administrated, the CT param-
eters were 50-340 mAs and 120 kV. A total volume of 100 ml
of the IV contrast agent (Ultravist) was injected using a
power injector at a flow rate of 2-3 ml/s.

Image reconstruction and interpretation. Image readout
was performed on an AW4.5 WorkStation (GE Healthcare),
which allowed visualization of PET, CT, and fused sections in
transverse, coronal, and sagittal planes. Maximum standard-

ized uptake values were automatically generated by the
software. The study was reviewed independently by two
experienced nuclear medicine physicians. When an intrave-
nous contrast was administrated, the images were evaluated
along with a radiologist. PET/CT was considered positive
when an increased FDG uptake indicative of a primary tumor
was identified in the head and neck and/or other regions
of the body, strongly correlating with the patient’s medical
record and pathological results. The goal was the ability of
hybrid FDG PET/CT to detect the potentially primary tumor
and/or all manifestations of distant lesions.

Data analysis and statistical evaluation. In the investi-
gation of a primary tumor, detection of the primary malig-
nancy site was considered to be true positive (TP) only when
confirmed by histopathology and/or by clinical follow-up/
further investigations. If findings on the PET-CT scan did not
turn out to be a primary site by histopathology, these were
accepted as false positive (FP). If 18F-FDG PET/CT could
not detect the primary tumor and it remained unknown,
the result was considered true-negative (TN). When
18F-FDG PET/CT did not suggest any primary tumor but
was diagnosed with conventional work-up or in the patient’s
follow-up, the result was considered as false-negative (FN).

Sensitivity, specificity rates, accuracy, positive predic-
tive value (PPV), and negative predictive value (NPV) were
calculated using standard statistical formulas with 95% confi-
dence intervals: Sensitivity = TP/(TP+FN), Specificity = TN/
(TN+FP), Accuracy = (TP+TN)/(TP+FP+TN+FN), PPV =
TP/(TP+FP), NPV = TN/(TN+EN).

The receiver operating characteristic (ROC) analysis was
executed using MedCalc Statistical Software version 19.3
(MedCalc Software Ltd, Ostend, Belgium). The ROC curve
was plotted with sensitivity on the y axis against (1-speci-
ficity) on the axis. The AUC above 0.90 is considered to be
a high diagnostic value. 0.70-0.90 is a moderate diagnostic
value and less than 0.70 is a poor diagnostic value.

Results

A total of 34 male patients (64%) and 19 female patients
(36%) were included. Detailed clinicopathological data of
the patients are shown in Table 1. In 10 patients, 18F-FDG
PET/CT was used as a first-line imaging modality, while in
the remaining patients’ previous diagnostic procedures were
performed, mainly head and neck/chest/abdominal CT.

From 53 investigated patients, the primary sites were
correctly located in 19 cases (true positive, 36%, Table 2).

The primary tumor could not be identified in 31 (58%)
patients. Twenty- four of these patients were true negative
(TN), with no FDG positive findings suggestive of the
primary tumor and no proven primary malignancy by
further investigations. In the remaining 7 patients, 18F-FDG
PET/CT did not detect any lesion, but the primary tumors
were detected during clinical follow-up/further investiga-
tions (Table 3).
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In our study, we had only three false-positive (FP) results  Table 1. Patients’ and disease characteristics.

(Table 4). One of them was suspected to have lymphoma, Patients’ and disease characteristics Number
because of extensive lymph node involvement, combined  “Myle (n) 34

with metastatic lesions in other organs, which turn out  pemale (n) 19

to be lung carcinoma. In the other case, there was intense Age (years) 35-72 (median 58)

FDG uptake in the stomach, suspicious for malignancy, but
the endoscopic examination showed no evidence of malig-
nancy. In the last case, we suspected a primary location in the

Histology of lymph nodes

squamous cell carcinoma 23

. . N X poorly differentiated carcinoma 9
submandibular gland, but it wasn't confirmed as a primary ) , ,
. o undifferentiated carcinoma 6
and turned out to be metastatic lymph nodes. A false-positive .
. R adenocarcinoma 4
case is presented in Figure 1. , ,
. .. . . without histology 4
Patients were divided into four groups depending on
others rarer histology variants (melanoma, NET) 7

the initial location of histologically proven or suspected by
conventional imaging modalities LNM.

Group 1: Cervical LNM. A total of 39 patients ) 43
presented initially with cervical LNM. PET/CT suggested ) 10

Prior diagnostic work-up

Table 2. True-positive results diagnosed by 18F-fluorodeoxyglucose positron emission tomography/computed tomography.

Age and gender Location of metastases Histopathologic / radiologic metastases Primary tumor
1.61,M Cervical LN Small-cell blastoma Nasopharynx
2.66, F Cervical LN Adenocarcinoma Lung
3.44,M Cervical LN Squamous cell carcinoma Oropharynx
4.62,F Axillary LN Adenocarcinoma Breast
5.48, M Retroperitoneal LN Papillary mucinous neoplasm Pancreas
6.61,M Cervical LN Squamous cell carcinoma Larynx
7.62,F Pelvic LN Radiologic metastases Lymphoma
8.63,F Cervical LN Squamous cell carcinoma Tonsilla palatina
9.61,M Cervical LN Squamous cell carcinoma Nasopharynx
10.67, M Cervical LN Squamous cell carcinoma Lung
11.59, M Cervical LN Squamous cell carcinoma Tongue
12.38, M Cervical LN Squamous cell carcinoma Tongue
13.56, M Cervical LN Epithelial carcinoma Lung
14.70, M Cervical LN Squamous cell carcinoma Lung
15.44,M Cervical LN Undifferentiated carcinoma Nasopharynx
16.38, M Cervical LN Squamous cell carcinoma Maxillary sinus
17.72,M Cervical LN Adenocarcinoma Prostate
18.50, M Axillary LN Poorly differentiated carcinoma Lung

19. 60, F Axillary LN Poorly differentiated carcinoma Breast

Abbreviations: LN-Lymph node; M-Male; F-Female; 18F-FDG-18F-fluorodeoxyglucose; PET/CT-Positron emission tomography/computed tomography

Table 3. False-negative results of 18F-fluorodeoxyglucose positron emission tomography/computed tomography in patients with carcinoma of un-
known primary.

Age and gender Location of metastases Final diagnosis Pathology of primary tumor
1.65,F Cervical LN Nasopharyngeal cancer SCC

2.7,M Cervical LN Lymphoma DLBCL

3.60, F Axillary LN Breast cancer Lobular cancer

4.66, M Cervical LN Lung cancer SCC

5.67,M Cervical LN Parotid tumor Adenocarcinoma

6.60, M Cervical LN Oropharyngeal cancer SCC

7.36, M Cervical LN Retroperitoneal sarcoma Desmoplastic small-round-cell tumor

Abbreviations: LN-Lymph node; M-Male; F-Female; Scc-Squamous cell carcinoma; DLBCL-Diffuse large B-cell lymphoma
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Table 4. False-positive results diagnosed by 18F-fluorodeoxyglucose positron emission tomography/computed tomography.

Age and gender Location of metastases PET/CT diagnosis Pathology of lesion True primary site
1.79,F Cervical LN Lymphoma NET Lung cancer
2.48,F Cervical LN Gastric cancer Inflammation CUP

3.50, M Cervical LN Submandibular gland Adenosquamous carcinoma CUP

Abbreviations: LN-Lymph node; M-Male, F-Female; CUP-Carcinoma of unknown primary; PET/CT-Positron emission tomography/computed tomogra-
phy; NET-Neuroendocrine tumors

A

Figure 1. PET/CT in a 50-year-old man with cervical adenopathy. Histology revealed adenocarcinoma. A) Maximum projection intensity image show-
ing a focus of increased FDG uptake in a large tumor mass in the left cervical region. B) Transaxial fused PET/CT section showing increased FDG
uptake in the periphery of a formation relative to the center, corresponding to the heterogeneous structure of the lesion in (C) transaxial CT image-
changes consistent with possible central necrosis. D) Transaxial fused PET/CT showing additional FDG avid enlarged left cervical lymph nodes. The
patient was suspected to have primary carcinoma of the submandibular gland, but further investigations and follow up revealed extensive lymph node
metastasis-FP.
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probable primary in 17 cases (lung [4], nasopharynx [3],
tongue [2], larynx [1], tonsilla palatine [1], oropharynx [1],
submandibular gland [1], maxillary sinus [1], lymphoma
[1], stomach [1], and prostate [1]). All these sites of the
indicated primary were found to be true positive (14 out of
39 cases, 36% true positive), except in 3 patients (subman-
dibular gland [1], lymphoma [1], and stomach [1]), where
it was found to be metastatic lymph nodes, lung carcinoma,
and inflammation, respectively (false positive). PET/CT
could not locate the site of the primary in 22 out of 39
patients with cervical LNM. In 6 of the latter, the primary
site was detected by further investigations (nasopharynx
[1], lymphoma [1], parotid gland [1], lung [1], oropharynx
[1], and retroperitoneal sarcoma [1]), hence were consid-
ered false negative. In the remaining 16 patients, despite
extensive work-up and follow-up, the site of primary
remained unknown (true negative). From this group of

patients, we represent an example of a true positive case
with LNM in the cervical region which proved to be carci-
noma of tonsilla palatine (Figure 2). The sensitivity, speci-
ficity, positive predictive value, negative predictive value
and accuracy of 18F-FDG PET/CT in this group of patients
with cervical lymph node metastases was 70% (95% CI
45.7-88.11%), 84% (95% CI 60.4-96.62%), 82% (95% CI
61.3-93.2%), 73% (95% 57.0-84.26%), and 77% (95% CI
60.6-88.8%), respectively.

Group 2: Axillary LNM. PET/CT was able to identify
correctly the site of the primary in 3 out of 6 patients (50%),
one patient with lung cancer and two patients with breast
carcinoma, which were confirmed by a biopsy and proved
to be a true positive (Figure 3). In the rest 3 patients, PET/
CT was not able to detect the site of the primary. Two of
these patients remained with a diagnosis of CUP and in one
a breast carcinoma was found during the follow-up.

Figure 2. PET/CT in a male patient with cervical adenopathy of squamous origin. Previous diagnostic CT was negative for a potential primary local-
ization. A, B) Transaxial fused PET/CT images showing the focus of asymmetrical increased FDG uptake (SUVmax 10.7) in right tonsil palatine sug-
gestive of the probable primary tumor and moderate FDG uptake (SUVmax 3.8) in cervical lymph nodes of level II. Tonsillectomy with lymph node
dissection was performed (histology was negative for metastatic involvement of suspected FDG avid lymph nodes!). The patient received chemo- and
radiotherapy. The restaging PET/CT (C, D) showed no evidence of recurrence and dissemination.
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Group 3: Mediastinal LNM. PET/CT was totally negative
without evidence for primary location, neither any FDG-avid
metastatic foci. The patients were followed up and proved to
be true negative.

Group 4: Abdominal and pelvic LNM. The possible
primary location was suggested in 2 of 6 cases (33%) one
patient with pancreatic cancer and one with lymphoma (true
positive). The site of the primary tumor remained unknown
in the rest four patients, even after extensive workup and
follow-up (true negative).

In addition to the previously known metastases, 18F-FDG
PET/CT identified additional distant metastatic foci in 21
of all patients (40%) the most frequent localization in other
lymph nodes groups, lung, bones, and liver, thus changing
the therapeutic management of a significant number of cases
(Figure 4).

The overall sensitivity, specificity and accuracy rates of
18F-FDG PET/CT in the detection of a primary tumor
in patients with LNM were identified as 73% (95% CI
52.2-88.4%), 89% (95% CI: 70.8-97.6%), and 81% (95% CI:
68.0-90.5%), respectively. Receiver operating characteristic

(ROQ) curves were constructed, and the area under the curve
(AUC) was calculated. The ROC analysis showed overall
good accuracy of PET/CT in the identification of suggestive
primary tumor, with an area under the ROC curve of 0.799
(95% CI: 0.66-0.89, p=0.001, Figure 5).

In our study, only ten of 53 patients (19%) were without
any FDG-avid primary locations or other FDG positive
findings suggestive for distant metastases. Eight of them
were considered as TN, while in two cases a carcinoma of the
oropharynx and breast cancer were found by further inves-
tigations and they were considered a false-negative. In the
rest 43 patients (81%), the PET/CT result guided the subse-
quent therapeutic management according to the extent of
the disease burden-systemic, combined or local. As a result
of the 18F-FDG PET/CT scan, the treatment plans of 26
patients (49%) required modification. Avoiding unnecessary
surgical or systemic procedures was achieved in 15/26 (23%)
and 8/26 (31%), respectively. The average survival rate after
PET/CT exam in our study is 257.2 days.

In 22/43 of the cases where the two imaging procedures
were available, the direct comparison between PET/CT and

Figure 3. PET/CT in a 68-years-old woman with histology of undifferentiated carcinoma from cervical lymph node metastasis. A staging PET/CT was
performed (left side column)-proven right breast carcinoma and dissemination in cervical, axillar, mediastinal, and abdominal lymph nodes and bone
lesion. After several cycles of chemotherapy, a follow-up PET/CT showed a significant morphological and metabolically response (right side column).
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CT revealed 51% coincidence of the final result. In the rest
21 of 43 (49%) of the cases, the CT result did not confirm the
PET finding. The CT showed no morphological changes or
was unable to detect the primary/metastatic foci.

Discussion

It is well known that CT and MRI are still leading imaging
methods of choice in clinical practice in patients with
CUPs. They are primarily based on anatomical evidence of
the increase in size, asymmetry, anatomical distortion, and
contrast enhancement. In contrast, molecular imaging as
18F-FDG PET/CT is able to detect very early changes in the
tumor on a metabolic level. Gutzeit et al. [12] have shown that
CT alone indicated a primary tumor in only 8 of 45 patients
(18%), while 18F-FDG PET/CT detected the primary site in
15 of 45 patients (33%). These data correspond well with our
results. In almost one-half of the cases where the two imaging
modalities were available, the CT result did not confirm the
PET finding. Thus, Kwee et al. [13] emphasized that if FDG
PET/CT fails to detect a primary tumor, other diagnostic
procedures are also likely to fail, so 18F-FDG PET/CT
should be used as a first-line imaging modality in these
specific patients’ population. According to the ESMO Guide-
line [3], whole-body 18F-FDG-PET/CT may contribute to
the management of patients with lymph node involvement
of CUP and those with a single CUP metastasis. However,
the clinical practice shows a lack of systematic approaches to
these patients with regard to their management and diagnosis
based on available clinical information, histology, and the
most likely area of the primary tumor site. For example, in
our study, 18F-FDG PET/CT was the first imaging method in
10 of 53 patients and was able to detect correctly the primary
in more than one-half of them, reducing the need for further
investigation.

Previous studies had indicated that the most frequently
identified primaries in CUP by 18F-FDG PET/CT were
lungs or head and neck carcinoma [14, 15], as the results of
our study. 18F-FDG PET/CT has proven its usefulness in
localizing a primary tumor in the head-neck area compared
to contrast-enhanced CT and MRI and could be recom-
mended as an early diagnostic modality in the workup of
these patients [16, 17]. Compared to the other localization of
LNM, our data suggests the highest sensitivity and specificity
of FDG PET/CT in the group with cervical LNM-70% and
84%, respectively. This result corresponds well with a study of
Roh et al. [18], reporting that the sensitivity rate of 18F-FDG
PET/CT (87.5%) was significantly higher than CT (43.7%)
for primary tumor detection in patients with cervical LNM.

We could not detect with 18F-FDG PET/CT the primary
tumor in 31 (58%) of the patients, seven of these were consid-
ered as FN. This result could be explained by the relatively
unspecific characteristics of 18F-FDG PET/CT as a tumor
imaging technique. A recent meta-analysis showed that
the oropharynx and the lungs are the two most common

Distant metastasis

Soft tissue 2
Peritoneum 1
Spleen 1
Suprarenal gland 2
Bones 7
Lung 7
Liver 4

Lymph nodes 15

2 4 6 8 10 12 14 16

Figure 4. Distribution of additional metastatic disease detected by 18F-
FDG PET/CT.
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Figure 5. ROC curve and corresponding AUC statistics for diagnostic effi-
ciency of PET/CT in suggestive primary neoplasm. Overall accuracy was
good, with area under ROC curve of 0.799 (95% CI: 0.66-0.89, p=0.001).

locations of false-positive 18F-FDG PET/CT results [19]. In
the setting of head and neck cancer, the limitation of PET/
CT is due to the resolution of FDG-PET, limited to approxi-
mately 5 mm. Small or superficial lesions may be undetected.
The basal uptake of FDG in the normal lymphoid tissues of
the Waldeyer ring and salivary glands would further obscure
the detection of small and superficial lesions [20]. Addition-
ally, when considering possible breast carcinoma there are
a number of sources for false-negative results on 18F-FDG
PET/CT as low-grade and well-differentiated tumors, some
histological tumor type (tubular carcinoma, lobular carci-
noma, in situ carcinoma). Mammography and/or ultraso-
nography are highly recommended [1]. According to the
literature, MRI of the breast should be used in patients with
negative clinical examination, mammography, or ultrasound
and is able to detect between 50-86% of the primary occult
breast carcinomas [21, 22].

Special attention should be paid to the clinical scope of
axillary LNM from unknown primary origin, given the high
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rate of false-negative results with respect to local status. Thus,
we also support the thesis and conclusions from various
studies that the use of PET/CT in this clinical setting has
a complementary role for the overall assessment of distant
metastatic foci rather than being the leading imaging
technique for identification of local status.

One of the main advantages of 18F-FDG PET/CT is the
opportunity to detect distant lesions and perform a complete
staging in one procedure. Determination of the exact extent
of metastatic disease has important implications for clinical
management, particularly in avoiding unnecessary surgical or
systemic procedures. Approximately one-third of all patients
(29.4 to 33.8%) changed their treatment strategy, guided
by F-18 FDG PET/CT according to literature data [23-25].
Similar results are reported in another study, confirming that
F-18 FDG PET/CT led to treatment modification in 29% of
all patients and in particular 32.2% of head and neck metas-
tases patients [26]. We showed additional solid organ and
lymphatic metastases in 40% of the studied patients on PET/
CT imaging, leading to treatment modification in almost
half of the cases. Indeed, its ability to rule out additional
metastatic sites may particularly be of interest in patients
with CUP who present with lymph node metastatic disease
only, because M stage, which has important therapeutic and
prognostic consequences, is still unknown in these patients.
Also, the detection of additional lymph node involvement
based upon the FDG PET/CT study might help in modifying
and planning the radiotherapy field appropriately, which is
the pivotal modality of therapy in these patients. Further-
more, a baseline FDG PET/CT may also play a valuable role
in treatment monitoring following therapeutic intervention.
Compared to other diagnostic procedures that are often used
in patients with CUP (e.g., CT alone and endoscopic proce-
dures), FDG PET/CT is both noninvasive and a very sensitive
tomographic whole-body imaging modality, allowing for the
detection of a primary tumor and complete tumor staging
in a single examination. Pulmonary carcinoma, on the other
hand, is the second most common primary localization in
the clinical scenario of cervical metastases from an occult
primary. In regard to non-small cell lung cancer (NSCLC),
PET/CT scans have proven to be statistically more accurate
than any other method, as far as tumor staging is concerned.
As a result of the exact correlation between anatomy and
functional disorder, focal chest wall infiltration, medias-
tinal invasion, and differentiation of tumor from atelectasis
have largely improved with PET/CT. Unexpected extratho-
racic soft tissue or skeletal metastases also may be revealed
by PET/CT in cases where other imaging methods failed to
demonstrate distant metastasis. The extent of tumor spread is
the primary factor that determines whether the patient will
undergo surgery or will be offered a non-surgical treatment.
In the staging of NSCLC PET/CT may result in an alteration
of treatment management in up to 30 percent of patients.

However, it seems that the lack of homogenous cohort
large scale prospective studies validating the use of F-18

FDG PET/CT and its cost-effectiveness in CUP patients has
prevented the routine application of this imaging modality
as a part of standard work in CUP [13, 27, 28]. Also, the
18F-FDG PET/CT procedure is associated with significantly
higher costs, a longer examination time, and much more
limited availability at all hospitals, which may further limit
its use as an initial imaging modality.

Nevertheless, we believe that early application of 18F-FDG
PET/CT in the staging process may save time and unneces-
sary investigations with proved benefits in certain patterns,
in particular in those with cervical lymph nodes metastasis.

Our study had a few limitations — small sample size, retro-
spective nature, a heterogeneous cohort of patients with CUP
syndrome, and previously conducted therapies in some of
the patients before the PET/CT exam, which could influence
the detection rate of possible primary locations. Based on
our observations and data from other literature sources, we
strongly recommend histological confirmation of metastatic
carcinoma of unknown primary due to the unspecific nature
of PET/CT as an oncology imaging technique and the low or
missing 18F-FDG avidity sensitivity to certain tumor entities,
such as renal cell carcinoma, hepatocellular carcinomas,
mucinous carcinomas or low-grade lymphomas. Histological
confirmation of suspected primary location is also recom-
mended in order to avoid false-positive cases, which could
mimic the malignant process.

Despite the small number of our patients and heteroge-
neity in diagnostic workups, we believe that FDG PET/CT
is a more sensitive and selective procedure for detecting
unknown primary tumors, especially in the clinical setting of
cervical LNM. The main advantages of this hybrid modality
in the pre-treatment phase of CUPs are the localization of
probable primary sites and guiding biopsy, cervical lymph
node staging, detection of metastases, and finding of synchro-
nous second primary malignancies. We support the idea that
the use of 18F-FDG PET/CT should be encouraged earlier in
CUP patients whenever possible and especially if executed as
positron emission tomography-contrast enhanced computed
tomography (PET-CECT), which could provide also suffi-
cient anatomic information for treatment planning. There-
fore, perhaps FDG PET/CT should be used as a first-line
imaging modality in all patients with the metastatic disease in
lymph nodes rather than using it after other diagnostic proce-
dures have failed to identify a primary tumor. This possible
beneficial shift in the diagnostic workup of the patients with
metastatic disease requires further investigation.

In conclusion, whole-body 18F-FDG PET/CT is an effec-
tive method for detecting the primary tumor in patients
with CUP. We consider that it can play a key role in both the
diagnostic workup and the selection of curative or palliative
treatment in a patient with cervical lymph node metastases
and perhaps should be used as a first-line imaging modality
in this setting. Further studies are needed to determine its
exact position in the diagnostic workup and its potential role
in patient outcome.
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