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Abstract

Background: This study aimed to determine the ability of multimodal evaluation with multiparametric 3T-MRI
(MPMRI) and positron emission tomography - computed tomography (PET/CT) to detect cancer of unknown
primary origin (CUP) with neck lymph node (LN) metastasis.

Methods: The study group comprised 38 retrospectively analysed consecutive patients with LN metastasis in the
head and neck (HN) region without known primary tumours (PTs). Statistical values of 3T-MRI and of FDG-PET/CT
scans were evaluated.

Results: Of the 38 CUPs, conventional native T1-, T2-weighted and STIR sequences detected 6 PTs. Native
sequences plus diffusion-weighted imaging (DWI) found 14-, and with fat suppression contrast-enhanced T1-
weighted measurement as well as with the complex MPMRI found 15 primaries and with PET/CT 17 CUPs could be
evaluated, respectively. The detection rates were 15.8, 36.8, 39.5, 39.5 and 44.7 % for conventional native MRI, native
plus DWI, native with contrast-enhanced MRI (CE-MRI), for MPMRI, and for PET/CT, respectively. The overall
detection rate proved by histology was 47.4 %. PET/CT provided the highest sensitivity (Sv: 94.4 %) but a lower
specificity (Sp: 65.0 %), using MPMRI (Sv: 88.2 %) the specificity increased to 71.4 %. DWIincreased specificity of the
native sequences (Sp: 76.2 %). Conventional native sequences plus DWI as well as 3T-MPMRI and PET/CT were same
accurate (Acc: 79.0 %) and had similar likelihood ratio (LR: 3.42, 3.03 and 2.62) in detecting unknown PT sites.

Conclusions: The accuracy of FDG-PET/CT and MPMRI in case of CUP in finding the primary cancer in the neck
regions is identical. While using PET/CT whole body information can be obtained in one examination. MPMRI
shows the local soft tissue status more accurately. In cases of CUP PET/CT should be the first method of choice if it
is available. MPMRI can clarify the exact primary tumor stage, and it can be advantageous in clarifying the
prognostic factors, which is necessary in case of advanced tumor stage and when surgery is under consideration. In
case low N stage is likely after the clinical examination and wait and see policy can be considered, MPMRI is
recommended, and in this case the significance the of radiation free MPMRI is increasing.
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Background
According to the European Society for Medical Oncology
(ESMO) guidelines, cancers of unknown primary origin
(CUP) represent a heterogeneous group of metastatic
tumours for which a standardised diagnostic work-up fails
to identify the site of origin at the time of diagnosis. The
term CUP is reserved for epithelial malignancies because
other types of malignancies (such as melanomas, sarco-
mas, lymphomas) can usually be easily identified using im-
munohistochemistry [1, 2]. CUPs account for 3–5 % of all
malignancies [3, 4] and in 24–36 % of patients with CUPs,
the metastatic lymph node (LN) manifestations of the un-
known primary cancer are in the head and neck (HN) re-
gion [5]. The primary tumour (PT) site in these patients is
eventually identified in only 20–40 % of cases [6].
In general, the prognosis of CUP is poor, and the me-

dian survival time for such patients is 6–10 months. In
cases of CUP in the HN, the outcome is more
favourable, with 5-year survival ranging from 35 to 50 %;
this is especially true in cases with detected PTs because
targeted therapy is possible (PT surgery, radiation
focused to the tumour) [7].
The majority of cancers in the HN are squamous cell

carcinomas (SCC), followed by adenocarcinoma, undif-
ferentiated carcinoma, and adenoid cystic carcinoma.
The location corresponding to the cytological result of

metastatic LNs may provide an indication of the site of
the PT. Finding, localising, and staging the PT and the
cervical nodal metastasis play key roles in treatment
planning [8].
For the accurate diagnosis of CUP, physical examin-

ation, fibre-optic laryngoscopy, and nasopharyngoscopy
are applied, although the majority of suspected primary
sites are detected by radiographic workup.
PET combined with CT (PET/CT) scanning improves

the detection of occult cervical lymphatic disease and
assists in the localisation of unknown PT and distant
metastases [9]. A meta-analysis of 16 studies (published
in 2004) found that FDG-PET or PET/CT detected 74
PTs (24.5 %) in 302 CUP patients with neck node metas-
tases; the overall sensitivity was 88.3 %, specificity
74.9 %, and accuracy 78.8 % [10]. Moreover, FDG-PET/
CT has lower specificity than sensitivity and is more
useful for detecting distant metastases and synchronous
tumour than LN metastasis [11, 12].
Functional and molecular information can also be ob-

tained using magnetic resonance imaging (MRI), as
diffusion-weighted MRI (DW-MRI) is able to character-
ise the tissue based on differences in tissue water mobil-
ity. In a recently published paper, it was concluded that
analysis using diffusion-weighted imaging (DWI) could
be very useful to differentiate malignant and benign
lesions in the HN region [13, 14]. The ADC is a quanti-
tative biomarker of the extent of diffusion restriction,

measured in 10−3 mm2/s units, although no common
threshold ADC value exists in clinical routine to differ-
entiate between malignant and benign tissue [15–17].
The first significant paper showing the usefulness of
DWI in HN tumours was published in 2001. Wang et al.
used an ADC value threshold of 1.22×10−3 mm2/s to dif-
ferentiate benign from malignant tissue, and this value
demonstrated 86 % accuracy, 84 % sensitivity and 91 %
specificity for predicting malignancy [18].
By performing a retrospective analysis, we sought to

evaluate new imaging methods in the management of
occult tumours. In particular, we compared the ability of
positron emission tomography - computed tomography
(PET/CT) and 3-Tesla (3T) multiparametric magnetic
resonance imaging (MPMRI), using high-resolution ana-
tomic and functional DWI, to detect tumours in our
CUP patient population with cervical node metastasis.

Methods
We retrospectively reviewed the medical records of all
patients with a diagnosis of neck LN metastasis of CUP,
who underwent 3T MPMRI with conventional as well as
DWI and whole-body fluoro-2-deoxy-D-glucose (FDG)-
PET/CT examinations between July 01, 2012 and May
15, 2016. Thirty eight patients (24 male, 14 female, mean
age 63 years) fulfilled the following inclusion criteria: 1)
the diagnosis of metastatic LN in the neck was con-
firmed with fine needle aspiration biopsy (FNAB) and 2)
3T MPMRI and FDG-PET/CT imaging were performed
within 6 weeks prior to treatment except for two
patients who had 7 and 8 weeks before treatment. All pa-
tients were first evaluated with complete head and neck
physical examinations performed by HN specialists. All
patients had carcinoma proven by cytology after FNAB
from a cervical LN metastasis before PET/CT and MRI.
For this study, 2 radiologists and nuclear medicine phy-

sicians specialised in HN imaging evaluated the MPMRI
and PET/CT images retrospectively. Clinical findings were
used to evaluate the performance of both methods. The
two experienced interpreters evaluating MPMRI data sets
were in consensus, FDG-PET/CT interpreters were also in
consensus. One of the MPMRI interpreters has 20 years
of experience in the head and neck tumor cases, the other
one has 10 years of experience. One of the FDG-PET/CT
interpreters has 10 years of experience in the field of head
and neck cases, the other one has 6 years of experience.
The evaluating interpreters were blinded to the other im-
aging modality. Postgraduate courses are frequently held
in head and neck radiology in our institute, with constant
consulting with the PET/CT center. The observers
reviewed all visible LNs and the possible PT sites in all 38
patients. We considered tumour-positive imaging results
as true positives when the second clinical examination
with panendoscopy and biopsy revealed the PT.
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MPMRI was performed using a 3T wide-bore MR
scanner (General Electric Discovery 750w, Milwaukee,
WI) using a high-resolution HN surface coil. We opti-
mised our MR techniques to increase spatial resolution
and maintain an adequate signal to noise ratio (SNR),
and the scan time was minimised to avoid motion arte-
facts. T1W and STIR axial and T1W coronal sequences
were applied to the whole neck extended the latest till
tracheal bifurcation using also axial T1W slices to the
upper mediastinum. We applied a field of view (FOV) of
240 × 240 mm in axial and 280–320 mm in coronal, slice
thickness of 5 mm, 0.5–1 mm interslice gap, and 288 ×
256, 320 × 288 matrix size with nex2. T2W turbo spin
echo and DW echo-planar axial images were obtained to
the regions of suspected PT with FOV 240 × 240, slice
thickness/gap of 3.6/0.3 mm. The DW sequence was
performed as part of our routine examination before the
contrast-enhanced T1-weighted with fat suppression
(CET1WFS). A 2D spin-echo DW echo-planar STIR im-
aging sequence (TR 6130/TE minimum, 65–70 ms, in-
version time 200 ms) was used an acquisition matrix of
112 × 80 or 64 × 84, numbers of acquisition of 3, 6, 12
depending on the “b” values. Quantification was per-
formed using an apparent diffusion coefficient (ADC).
To reduce the influence of the perfusion effect on the
ADC calculation, we applied higher b-values (50, 500,
and 1,000 s/mm2). Regions of interest (ROIs) were
placed in the typical soft tissue signal intensity parts of
the measurable lesion, which showed high signal inten-
sity on the b = 50 and b = 1,000 images and low signal
intensity on the ADC map.
After the administration of an intravenous

gadolinium-based contrast agent, we obtained T1W,
fast-spoiled gradient echo sequences with fat suppres-
sion (CET1WFS) for axial, coronal, and sagittal images.
We applied a 260 × 260 mm FOV, 320 × 320 matrix, and
2 mm slice thickness; in addition, a 3 mm slice thickness
was reconstructed in all three planes. The injection rate
was 2 ml/s (using a power injector), with a dosage of
0.1 mmol/kg body weight gadobenate dimeglumine
(Multihance, Bracco, Italy). The MPMRI examination
lasted for 30 min.
FDG-PET-CT scans were performed after at least 6 h

of fasting and were carried out in compliance with the
standard whole-body protocol using a Biograph 6 HD
type camera (Siemens, Knoxville, TN). The injected 18F-
FDG had radioactivity in the range of 3.7 to 5.5 MBq/kg.
The time from FDG injection to PET data acquisition
was between 55 and 120 min. In each case, patients were
tested for blood sugar level using blood taken from the
fingertip before administering the FDG. For patients
with glucose level higher than 7 mmol/l (126 mg/dl), the
scan was rescheduled. PET/CT scanning took place from
the skull base to the upper third of the thighs. Non-

enhanced, low-dose (110/70 kV/mAs) CT was performed
for all patients. PET data acquisition lasted for 3 min for
each bed position. Attenuation-corrected and non-
corrected images were reconstructed with the help of the
CT data using a 3D iterative algorithm. A manufacturer-
specific implementation of the point spread function
(PSF) correction method (True-X) was also applied during
reconstruction, which helped to recover the activity con-
centration of smaller lesions as well as provide uniform
spatial resolution throughout the FOV. The degree of sus-
picion of malignant involvement was based on qualitative
visual interpretation of the images, and no quantitative
analysis, such as the measurement of standardised uptake
values, was performed.
The imaging data of the MRI and PET/CT examina-

tions of the patients were compared to the pathological
findings. Based on the 2nd edition of the Medical statis-
tics, the sensitivity, specificity, positive predictive value,
accuracy and “Likelihood Ratio” (LR) of the examina-
tions were calculated [19].

Results
Thirty eight patients were examined using both PET/CT
and wide-bore 3T MPMRI. Twenty four (63 %) patients
were male, and 14 (37 %) were female. The mean age of
the study group was 63 years, with a range between 24
and 78 years. All patients had carcinoma proven by
cytology after FNAB from a cervical LN metastasis
before PET/CT and MRI.
Possible PT sites were indicated by PET/CT in 24 patients

and by MPMRI in 21 cases. Of these patients, 17 PET-CT
and 15 MRI examinations confirmed histologically malig-
nant tumours (Table 1 shows the sites of the PTs, Figs. 1
and 2). The detection rate of conventional native MRI was
15.8 %, of conventional native sequences plus DWI 36.8 %,
of conventional native sequences with CET1WFS 39.5 %, of
MPMRI 39.5 %, and of PET/CT 44.7 %.
In the complex diagnostic evaluation procedure (im-

aging + panendoscopy + biopsy), a total of 18 patients (de-
tection rate 47.4 %) received histologically confirmed PT
diagnoses. Table 2 and Fig. 3 show the statistical values.
The PT stage determined in the neck based on imaging

was T3 only in 1 case of a sub-mucous cancer in the
mesopharynx. T2 in 5cases and in the other 9 neck cases,
the tumour was classified as T1. The lung and the breast
cancers were T2 and the colon cancer was T3 stage.
The histologically proven tumours typically demon-

strated high signal intensity on high-b-value DWIs with
decreased signal intensity on the ADC (Fig. 4), as well as
high signal intensity on the e-ADC map (Fig. 2). The
median ADC value was found to be 0.892 × 10−3mm2/s
for the neck PTs. Table 3 shows the ADC values, stage
and histology of the histologically proven occult PTs
with cervical node metastasis in the head and neck.
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In a histologically proven case of inflammatory disease,
all MR measurements were false positives for tumour of
the base of tongue, except for the DWI, with an ADC
value of 2.100 × 10−3mm2/s (Fig. 5). In 3 base of tongue
cases all MR sequences were false positive, DWI demon-
strated by the high signal intensity on high-b-value, de-
creased signal intensity on the ADC map, and resulted
0.928, 0.741, 1.13 × 10−3mm2/s ADC values.
In 5 cases the PT sites could not be evaluated on DWI

secondary to the reduced information because of suscep-
tibility artefacts.
Nodal (N) staging was also carried out, and both

methods were positive for cervical LN metastases in
every patient. The upper and middle cervical LNs were
the most frequently involved nodal levels.
Two patients, metachronous metastases were found

with PET/CT, one poorly differentiated SCC manifesta-
tions in the lung and in the bone, and lung metastases
were detected in the hemangiosarcoma case.
Thirty two patients received radiotherapy, 26 com-

bined with chemotherapy (Table 4).
For radiation therapies planning both modalities were

effectively applicable. Patients were immobilized with a
thermoplastic mask and treated with 3-dimensional (3D)
conformal treatment or intensity-modulated radiation
therapy (IMRT) using 6 MV photons. The planned

Table 1 Localisation of detected CUP with LN metastasis in the
neck region

Tumour sites MPMRI PET-CT Histology

T+ F- F+ T+ F- F+

Nasopharynx 3 3 1 3

Mesopharynx 2 2 2

Palatine tonsil 2 1 2 1 2

Base of tongue 3 3 2 5 3

Glandula submand. 1

Hypopharynx 2 2 2

Supraglottic larynx 1 1 1 1

Parotis 1 1 1

Thyroid 1 1

Neck soft tissue 1 1 1

Lung 1 1 1

Breast 1 1 1

Colon - sigma 1 1

SUMMARY 15 2 6 17 1 7 18

T+ true positive, F- false negative, F+ false positive

Fig. 1 Images collected from a 64-year-old male with T1 nasopharyngeal carcinoma and bilateral metastatic nodes. Axial contrast-enhanced T1-
weighted fat suppression (CET1WFS) image (a) shows a small enhancing lesion in the left side of the nasopharynx (arrows). Coronal T1W image
(b) shows bilateral LN involvement. Bilateral diffusion restriction with signal increase can be seen in the axial trace DW images (c and d, b-value:
1,000 s/mm2, ADC: left 0.772, right 0.758 ×10−3mm2/s in the PT and 0.991 ×10−3mm2/s median ADC value was found in the LNs). Increased uptake
corresponding to the occult primary tumour (arrow) can be seen on the sagittal PET/CT fusion image (e) of metastatic nodes (lower arrow) as well as
on the axial FDG-PET scan (f). SCC of nasopharynx, stage T1N2M0
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radiation dose to the primary tumor and the involved
lymph nodes was 66–70 Gy in definitive radiotherapy.
For chemoradiotherapy, 100 mg/m2 cisplatin was admin-
istered two or three times (on the 1st, 22ndand 43rddays
of radiotherapy).

One patient with N1 CUP after selective neck dissec-
tion (SND) was followed by clinical examination and im-
aging and did not receive any other therapy. Nineteen
patients underwent neck dissection (ND), 14 radical ND
(RND), 1selective ND (SND) and 4 modified ND (MND).

Fig. 2 Images of a 56-year-old male with a large right-sided LN metastasis of a small SCC in the right piriform recess. T2W-STIR (a) and CET1WFS
(b) show small soft tissue swelling in the entrance of the right piriform recess; ipsilateral kolliquated LNs can be observed. Findings also revealed
substantial diffusion restriction with signal increase in axial trace DW images (c and d, b-value: 1,000 s/mm2) and a corresponding signal decrease
in the ADC map (e) and a signal increase in the e-ADC image (f). Note the ADC values, which measured 0.790 × 10−3 mm2/s in the PT and 0.740
× 10−3 mm2/s in the LN. On the axial PET-CT fusion image (g) and on the FDG-PET scan (h), increased uptake corresponding to the occult PT
(arrow) and metastatic nodes can be seen. SCC of hypopharynx, stage T1N3M0
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Discussion
Detection of the PT has a large impact on the prognosis
of CUP patients with metastatic LNs in the neck. As in
most cancers, the prognosis mainly depends upon the
stage of the tumour and the applied therapy [20]. Super-
ior characterisation of soft tissues and better visualisa-
tion of tumour extent can be of benefit both in surgical
and radiotherapy planning by improving the assessment
of planning margins for dose escalation [21, 22].
The location of metastatic LNs may indicate the loca-

tion of the unknown PT. When LNs of the upper and
middle cervical level are involved, the primary site of the
tumour is more likely located in the HN region. If lower
cervical levels are involved, the PT is often located below
the clavicles. In patients in whom histopathology has
shown SCC, the primary site is often located in the pal-
atine tonsils or in areas difficult to inspect, such as the
piriform sinus or the nasopharynx [23, 24]. Lapeyre et
al. reported on 87 patients with nodal neck metastasis
and an unknown primary site who were evaluated

between 1969 and 1992 and underwent a unilateral ton-
sillectomy; 26 % of these patients were found to have
tonsillar cancer [25]. In our patients the number of cases
of histologically proven palatine tonsil carcinoma was
only 2 (5.3 %).
The sites of distant metastasis (M) in most HN cancer

(HNC) cases are the lung and the bone (and rarely the
liver and brain). The risk of distant metastasis is more
dependent on the “N” than on the “T” status [8, 26]. In
our study we found 3 patients with synchronous distant
metastases using PET/CT. In 1 unknown primary
tumour with N3 stage patient occult bone metastasis
was detected. In case of colon PT synchronous bone-,
lung- and liver metastases were found. In the triple
negative breast cancer patient multiple manifestations
were found in the thorax wall and in the abdomen.
In the management of CUP patients, clinical examin-

ation with panendoscopy is the basic method, although
the majority of suspected primary sites are detected by
imaging workup. MRI is considered superior to CT for

Table 2 Statistical values of 3T-MPMRI and FDG-PET/CT scans in the evaluation of CUP

Detection rate % T+/38 T+ F- Sv % T- F+ Sp % PPV ACC % LR

MRI native: T1, T2, STIR 15.8 6 11 35.3 13 8 61.9 0.43 50.0 0.92

DWI 34.2 13 2 + 5a 65.0 14 4 77.8 0.76 71.1 2.95

MRI native sequences + DWI 36.8 14 3 82.4 16 5 76.2 0.74 79.0 3.42

MRI native + CE-T1FS 39.5 15 2 88.2 12 9 57.1 0.63 71.1 2.05

MPMRI 39.5 15 2 88.2 15 6 71.4 0.71 79.0 3.03

PET-CT 44.7 17 1 94.4 13 7 65.0 0.71 79.0 2.69

Overall proved by histology 47.4 18

T+ true positive, F- false negative, T-: true negative, F+ false positive, Sv sensitivity, Sp specificity, PPV positive predictive value, LR Likelihood Ratio
ain 5 cases reduced imaging information because of susceptibility artifacts

Fig. 3 Statistical values of 3T MPMRI and FDG-PET/CT scans in the evaluation of CUP with LN metastasis in the neck region
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Fig. 4 Images obtained from a 77-year-old male illustrate false negative conventional native MRI (a T2W-STIR). True positive findings showing a
small signal enhancement with contrast (b CET1WFS), increase with diffusion restriction can be seen in the axial original DW image (c, d, b-value:
1,000 s/mm2) and the corresponding signal decrease in the ADC map (e), which measured 0.773 × 10−3 mm2/s in the PT and 0.771 × 10−3 mm2/s in
the LN. SCC of mesopharynx, stage T1N2bM0

Table 3 ADC values, stage and histology of the histologically proven occult PTs

Sites ADC
10−3 mm2/s

Stage Histology

1. Nasopharynx 0.760 cT2 cN3b Poorly differentiated SCC

2. Nasopharynx 0.798 cT1 cN2 Nasopharyngeal carcinoma-EBV associated

3. Nasopharynx 0.772 cT2 cN3b Poorly differentiated SCC

4. Mesopharynx 1.150 cT1 cN2b Poorly differentiated SCC

5. Mesopharynx artefacts cT1 pN2b Poorly differentiated SCC

6. Base of tongue 0.773 cT1 pN2a Well differentiated SCC

7. Base of tongue 1.20 cT2 pN2b Moderately differentiated SCC

8. Base of tongue 0.816 cT2 pN2a Poorly differentiated SCC - HPV associated

9. Palatine tonsil 0.821 pT1 pN2b Poorly differentiated SCC

10. Palatine tonsil 0.702 cT3 cN2b Moderately differentiated carcinoma planocellulare

11. Hypopharynx 1.170 cT1 pN3 Poorly differentiated SCC

12. Hypopharynx 0.790 cT1 cN3 Poorly differentiated SCC

13. Supraglottic larynx 0.882 cT1 cN3 Poorly differentiated SCC

14. Parotis 0.908 cT1 cN3 Moderately differentiated carcinoma planocellulare

15. Neck soft tissueb 0.943 pT2 pN0 Hemangiosarcoma

16. Base of tonguea 2.1 T0NX NO sign of malignancy

SCC squamous cell carcinoma
aFine needle aspiration cytology of a neck nodal mass was false positive for cancer
bNeck mass was considered by cytology and by both imaging methods metastatic nodal conglomerate
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obtaining a better assessment of the PT in the HN re-
gion. Panendoscopy with imaging-directed biopsy to sus-
pected PT sites or to the most frequent sites of occult
tumour can detect CUP. If the metastatic nodes are in
the upper and/or middle cervical levels and non-invasive
diagnostic tools are negative for CUP, tonsillectomy

might be the diagnostic and therapeutic choice, espe-
cially in the case of SCC [27]. In our study, none cancer-
positive tonsillectomy cases were found after non-
invasive diagnostic tools failed to detect the CUP.
In the literature, several publications describe the effi-

cacy of FDG-PET/CT in detecting CUP with cervical

Fig. 5 Images obtained from a 54-year-old female illustrate a false positive interpretation error (arrows) on conventional MRI scans (a T1W, b T2W, c
CET1WFS). On the axial trace DW image (d, b-value: 1,000 s/mm2), a signal increase can be seen without diffusion restriction on the ADC map (e), which
measured 2.100 × 10−3 mm2/s in the radix linguae corresponding to inflammation and 0.834 × 10−3 mm2/s in the LN (f). CUP, SCC, stage TXN2bM0

Table 4 Therapies administered for clinically occult 36 PTs with neck node metastasis

Tumor sites RT RT+ ND CT CT + RND CRT CRT + ND MND Sum + Primary Tumor resection

Nasopharynx 3 3

Mesopharynx 1 2 3 1 tumor resection

Base of tongue 2b 2

Palatine tonsil 1 1 2 1 tonsillectomy

Hypopharynx 1 + 1 2

Larynx 1 1

Parotis 1 1 parotidectomy

Neck soft tissue 1 1 tumor resection

Lung 1 1 lobectomy

Breast 1 1

Colon / sigma 1 1

Final CUP 2 3a 1 4 7b 1++ 18

3 3 2 1 12 14 1 36

In one patient the lymph node cytology was false positive proven by the further examinations. One patient refused the treatment
CUP cancer of unknown primary, ND neck dissection, RND radical ND, MND modified ND, SND selective ND, RT radiotherapy, CT chemotherapy,
CRT chemoradiotherapy
a1 RND, 1 SND, 1 MND + patient refused RT
b1 MND other RND ++ wait and see follow up
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LN metastases [10, 28, 29]. The increased glycolysis of
malignant cells can be detected with PET using 18F-
labeled FDG, and FDG-PET was shown to change the
clinical management of one-third of CUP patients [30].
In our study, we found similar detection rates of pri-

mary sites when using 3T MPMRI (39.5 %) and PET-CT
(44.7 %). PET/CT showed higher sensitivity (Sv: 94.4 %)
but lower specificity (Sp: 65.0 %) in detecting the PT site
compared to 3T MPMRI (Sv: 88.2 %, Sp: 71.4 %).
DWMRI did not improve the sensitivity, but increased
the specificity of MPMRI.
Srinivasan et al. verified that DWI can also be success-

fully used on 3T machines. These authors reported a
mean ADC value of 1.101×10−3 mm2/s in the character-
isation of HNSCC [31, 32]. Studies have also evaluated
the influence of magnetic field strength on ADC values
and reported no statistically significant difference in HN
tumours between the ADC values at 1.5 and 3T [33, 34].
Moreover, ADC values are independent of magnetic field
strength [35].
In our patient group, the mean ADC value of histolog-

ically proven PTs was 0.892×10−3mm2/s. Inflammatory
tissue with a high fluid content can result in a signal in-
crease, not only in lower b-value images but also in high
b-value images (similar to tumorous tissue), because of
incomplete suppression of the signal (the so-called T2
shine through phenomenon). However, the increased
ADC value allows for differentiation between inflamma-
tion and tumour; in a case of suspected tumour on con-
ventional MR sequences, quantitative evaluation of ADC
(2.1×10−3mm2/s) could be used to determine the accur-
ate diagnosis of inflammation (Fig. 4).
SCC in the palatine tonsil can be challenging it is rarely

necrotic and typically shows a homogeneous appearance
similar to normal lymphoid tissue in the tonsil when
viewed using conventional MRI [36]. In our study, the lin-
gual tonsil was the most challenging site, often pitfalls in
our CUP evaluation. We evaluated 3 false positives beside
3 true positives with MPMRI and 5 false positives and 2
true positives with PET/CT in the base of tongue region.
Diffusion can also be restricted in non-tumorous lingual
tonsil tissue, and DWI by itself is thus not sufficient for
tumour differentiation in normal sized and -shaped lingual
tonsil. In the 3 false positive base of tongue cases DWI
demonstrated by the high signal intensity on high-b-value,
decreased signal intensity on the ADC map, and resulted
0.928, 0.741, 1.13×10−3mm2/s ADC values.
Detection of the primary cancer site before the start of

treatment is of great significance because this location
reduces unwanted side effects [37, 38]. In a previous
study, the 3-year survival rate of patients with detected
HN PTs was 100 % after selected treatment, as com-
pared to 58 % in patients with elected therapy for un-
known PT tumours [39].

Our cancer patients 32 received radiotherapy (66–70 Gy),
partly combined with chemotherapy (26 patients). In cases
of detected primary, 3D-conformal IMRT was applied due
to its better technical capacity, to reduce the dose delivered
to normal tissues because of its improved focus on the pre-
cision of target volumes.
The patients’ follow-up care included a follow-up visit

with the HN specialist every three months, an MRI exam-
ination every six months, and an annual PET/CT examin-
ation. In the past three and half years, only 3 patients (out
of 38) have died, 2 because of extended tumour spread,
one in the triple negative breast carcinoma, and one in the
lung adenocarcinoma, the third patient withT3N2b stage
palatine tonsil cancer because of vascular, myocardial at-
tack. There was no case in which the PT appeared after
radical therapy. About one year after CRT in 3 patients
appeared recurrent neck node metastases, in all the three
cases the initial N stage was N3.

Limitations
Our study, however, had some limitations. First, this was
a retrospective study covering only a 3.5-year period.
Second, the number of patients was small (n = 38), and
therefore the results and correlations should be inter-
preted with caution.

Conclusions
In cases with highly probable PT sites detected by either
MPMRI or FDG-PET/CT, imaging may provide clini-
cians with valuable information on where to obtain a
tissue sample.
Because conventional native sequences with DWI, 3T-

MPMRI and PET/CT were similarly accurate (Acc:
79.0 %) and had similar likelihood ratio (LR: 3.42, 3.03,
2.62) for detecting unknown PT sites, both imaging
methods may be used to determine the final diagnosis of
patients with CUP in the HN region. DWMRI by its in-
creased specificity (Sp: 77.8 %) and likelihood ratio (LR:
2.95) was shown to be capable of differentiating tumour
from non-tumorous tissue. Disadvantage of DWI is its
high sensitivity to the motion artefacts (5/38, 13.2 %).
The sensitivity of FDG-PET/CT (94.4 %) is higher than

MPMRI (88.2 %), and this statistical indicator in case of
finding CUP is more important, than the specificity of
the modalities.
Although MPMRI has the advantage of being radiation

free, but this is hardly a concern in this patient group as
most of the patients get radiation therapy.
While using PET/CT whole body information can be

obtained in one examination along with information
about metastases, and second malignancies.
MPMRI shows the local soft tissue status and the con-

nection of the primary tumor with the surrounding or-
gans more accurately.
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Summarizing the above, mentioned results, in case of
CUP PET/CT should be the first method of choice if it
is available.
After clinically proved positive PET/CT the additional

MPMRI can clarify the exact primary tumor stage, it can
be advantageous in clarifying the prognostic factors,
which is necessary in case of advanced tumor stage and
when surgery is under consideration.
In case low N stage is likely after the clinical examin-

ation and wait and see policy can be considered, MPMRI
is recommended, and in this case the significance the of
radiation free MPMRI is increasing.
In cases with PT-positive imaging results during CUP

evaluation, the next step should be panendoscopy with
biopsies.
For radiation therapies planning both imaging modal-

ities are effectively applicable.
The head and neck imaging is a challenging area which

needs strict protocols, special attention and well trained
specialists, radiologists and radiographers as well.

Additional file

Additional file 1: Table 5. Data collection. (XLSX 22 kb)

Acknowledgements
The authors would like to acknowledge the National Institute of Oncology,
Budapest, Hungary.

Funding
This study was funded by the National Institute of Oncology.

Availability of data and materials
The authors included all the data in the Additional file 1.

Authors’ contributions
MG performed radiological analysis, contributed in image analysis, conceived the
study, participated in its design and coordination and drafted the manuscript. ZSL
contributed to molecular analysis, participated in the sequence alignment. GP
contributed in patient analysis and helped to draft the manuscript. ZTN participated
in the sequence alignment, contributed in radiotherapy and patient analysis and
helped to draft the manuscript. GL contributed to radiological analysis and helped
to draft the manuscript. OZ participated in the sequence alignment contributed in
patient analysis. ER participated in the sequence alignment, data analysis and
interpretation, contributed in patient analysis. LT controlled and checked the
manuscript, contributed in patient analysis. MK controlled and checked the
manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
All of the patients in this study signed an institutional consent form.

Ethics approval and consent to participate
This study has been performed in accordance with the Declaration of Helsinki
and it has been approved by the Ethics Committee of the National Institute of
Oncology.

Author details
1Department of Diagnostic Radiology, National Institute of Oncology, Ráth
György street 7-9, Budapest 1122, Hungary. 2Pozitron Diagnostics LTD,
Hunyadi János street 9, Budapest 1117, Hungary. 3Department of

Otorhinolaryngology, Head and Neck Surgery, Semmelweis University,
Szigony u.36, Budapest 1083, Hungary. 4Department of Radiotherapy,
National Institute of Oncology, Ráth György street 7-9, Budapest 1122,
Hungary. 5Head and Neck Surgery Department, National Institute of
Oncology, Ráth György street 7-9, Budapest 1122, Hungary. 6Department of
Postgraduate Education and Scientific Research, University of Medicine and
Pharmacy, Tirgu Mures, Romania.

Received: 1 July 2016 Accepted: 26 October 2016

References
1. NICE guidelines. Metastatic malignant disease of unknown primary origin:

Diagnosis and management of metastatic malignant disease of unknown
primary origin. 2010. http://www.nice.org.uk/CG104. Accessed 7 Oct 2016.

2. Grau C, Johansen IV, Jakobsen J, Geertsen P, Andersen E, Jensen BB. Cervical
lymph node metastases from unknown primary tumours. Results from a
national survey by the Danish society for head and neck oncology.
Radiother Oncol. 2000;55(2):121–9.

3. Fizazi K, Greco FA, Pavlidis N, Pentheroudakis G. Cancers of unknown
primary site: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2011;22:64–8.

4. Pejšić I, Vrbić S, Todorović M, Petković I, Balić M, Stanković A. Cancer of
Unknown Primary Site Syndrome-CUP Syndrome-Diagnostic and
Therapeutical Dillemas. Acta Facultatis Medicae Naissensis. 2014;31:87–94.
doi:10.2478/afmnai_2014_0010.

5. Freudenberg LS, Fischer M, Antoch G, Jentzen W, Gutzeit A, Rosenbaum SJ,
Bockisch A, Egelhof T. Dual Modality of 18F-FDG PET/CT in Patients with
Cervical Carcinoma of Unknown Primary. Med Princ Pract. 2005;14:155–60.

6. Kostakoglu L. The unknown primary carcinoma. In: Som PM, Curtin HD, editors.
Head and neck imaging. 5th ed. New York: Elsevier Mosby; 2011. p. 2841–7.

7. Wartski M, Le Stanc E, Gontier E, Vilain D, Banal A, Tainturier C, Pecking AP,
Alberini JL. In search of an unknown primary tumour presenting with
cervical metastases: Performance of hybrid FDG-PET–CT. Nucl Med
Commun. 2007;28:365–71.

8. Licitra L, Felip E. ESMO Guidelines Working Group Squamous cell carcinoma
of the head and neck: ESMO Clinical Recommendations for diagnosis,
treatment and follow-up. Ann Oncol. 2009;20 Suppl 4:121–2.

9. Hafidh MA, Lacy PD, Hughes JP, Duffy G, Timon CV. Evaluation of the
impact of addition of PET to CT and MR scanning in the staging of patients
with head and neck carcinomas. Eur Arch Otorhinolaryngol. 2006;263:853–9.

10. Rusthoven KE, Koshy M, Paulino AC. The role of fluorodeoxyglucose
positron emission tomography in cervical lymph node metastases from an
unknown primary tumor. Cancer. 2004;2(101):2641–9.

11. Grégorie V, Lefebvre J, Licitra L, Felip E. Squamous cell carcinoma of the
head and neck: EHNS-ESMO-ESTRO Clinical Practice: Guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2010;21:184–6.

12. Rankin SC. PET in face and neck tumours. Cancer Imaging. 2006;6:105–11.
13. King AD, Ahuja AT, Yeung DK, Fong DK, Lee YY, Lei KI, Tse GM. Malignant

cervical lymphadenopathy: diagnostic accuracy of diffusion – weighted MR
Imaging. Radiology. 2007;245:806–13.

14. Barbero HPM, Jiménez IR, Noguerol TM, Alcalá AL. Utility of MRI diffusion
techniques in the evaluation of tumors of the head and neck. Cancers.
2013;5:875–89.

15. Maeda M, Maier SE. Usefulness of diffusion-weighted imaging and the
apparent diffusion coefficient in the assessment of head and neck tumors. J
Neuroradiol. 2008;35:71–8.

16. Vandecaveye V, De Keyzer F, Dirix P, Lambrecht M, Nuyts S, Hermans R.
Applications of diffusion-weighted magnetic resonance imaging in head
and neck squamous cell carcinoma. Neuroradiology. 2010;52:773–84.

17. Driessen JP, van Kempen PM, van der Heijden GJ, Philippens ME, Pameijer
FA, Stegeman I, Terhaard CH, Janssen LM, Grolman W. Diffusion-weighted
imaging in head and neck squamous cell carcinomas: a systematic review.
Head Neck. 2015;37:440–8. doi:10.1002/hed.23575. Epub 2014 Feb 12.

18. Wang J, Takashima S, Takayama F, Kawakami S, Saito A, Momose M,
Ishiyama T. Head and neck lesions: characterization with diffusion- weighted
echo-planar MR imaging. Radiology. 2001;220:621–30.

19. Harris M, Taylor G. Medical Statistics Made Easy, London & New York: Taylor
& Francis, 2nd Edition; 2008; p. 63–66.

20. Nakamura T, Sumi M. Nodal imaging in the neck: recent advances in US, CT
and MR imaging of metastatic nodes. Eur Radiol. 2007;17:1235–41.

Gődény et al. Cancer Imaging  (2016) 16:38 Page 10 of 11

dx.doi.org/10.1186/s40644-016-0097-x
http://www.nice.org.uk/CG104
http://dx.doi.org/10.2478/afmnai_2014_0010
http://dx.doi.org/10.1002/hed.23575


21. Intensity Modulated Radiation Therapy Collaborative Working Group.
Intensity-modulated radiotherapy: current status and issues of interest. Int J
Radiat Oncol Biol Phys. 2001;51:880–914.

22. Nuyts S. Defining the target for radiotherapy of head and neck cancer.
Cancer Imaging. 2007;7:50–5.

23. Mendenhall WM, Mancuso AA, Parsons JT, Stringer SP, Cassisi NJ. Diagnostic
evaluation of squamous cell carcinoma metastatic to cervical lymph nodes
from an unknown head and neck primary site. Head Neck. 1998;20:739–44.

24. King AD, Vlantis AC, Yuen TW, Law BK, Bhatia KS, Zee BC, Woo JK, Chan AT,
Chan KC, Ahuja AT. Detection of nasopharyngeal carcinoma by MR imaging:
diagnostic accuracy of MRI compared with endoscopy and endoscopic
biopsy based on long-term follow-Up. AJNR Am J Neuroradiol. 2015;36:
2380–5. doi:10.3174/ajnr.A4456.

25. Lapeyre M, Malissard L, Peiffert D, Hoffstetter S, Toussaint B, Renier S, Dolivet
G, Geoffrois L, Fichet V, Simon C, Bey P. Cervical lymph node metastasis
from an unknown primary: is a tonsillectomy necessary? Int J Radiat Oncol
Biol Phys. 1997;39:291–6.

26. Gődény M. Prognostic factors in advanced pharyngeal and oral cavity
cancer; significance of multimodality imaging in terms of 7th edition of
TNM. Cancer Imaging. 2014;14:15.

27. Hermanns R, De Keyzer F, Vandecaveye V, Carp L. Head and neck cancer
imaging. 2nd ed. Berlin/Heidelberg: Springer; 2012.

28. Özel HE. Use of PET in head and neck cancers. Turk Arch Otorhinolaryngol.
2015;53:73–6.

29. Cammaroto G, Quartuccio N, Sindoni A, Di Mauro F, Caobelli F; Young AIMN
Working Group: The role of PET/CT in the management of patients affected
by head and neck tumors: a review of the literature. Eur Arch
Otorhinolaryngol. 2015; doi: 10.1007/s00405-015-365-4, Berlin /Heidelberg:
Springer; 2015.

30. Sève P, Billotey C, Broussolle C, Dumontet C, Mackey JR. The role of 2-
deoxy-2-[F-18] fluoro-D-glucose positron emission tomography in
disseminated carcinoma of unknown primary site. Cancer. 2007;109:292–9.

31. Srinivasan A, Dvorak R, Perni K, Rohrer S, Mukherji SK. Differentiation of benign
and malignant pathology in the head and neck using 3T apparent diffusion
coefficient values: early experience. AJNR Am J Neuroradiol. 2008;29:40–4.

32. Srinivasan A, Dvorak R, Rohrer S, Mukherji SK. Initial experience of 3-tesla
apparent diffusion coefficient values in characterizing squamous cell
carcinomas of the head and neck. Acta Radiol. 2008;49:1079–84.

33. Kim SK, Choi HJ, Park SY, Lee HY, Seo SS, Yoo CW, Jung DC, Kang S, Cho KS.
Additional value of MR/PET fusion compared with PET/CT in the detection of
lymph node metastases in cervical cancer patients. Eur J Cancer. 2009;45:2104–9.

34. Kim KW, Krajewski KM, Jagannathan JP, Nishino M, Shinagare AB, Hornick JL,
Ramaiya NH. Cancer of unknown primary sites: What radiologists need to know
and what oncologists want to know. AJR Am J Roentgenol. 2013;200:484–92.

35. Koh DM, Collins DJ. Diffusion-weighted MRI in body: applications and
challenges in oncology. AJR Am J Roentgenol. 2007;88:1622–35.

36. Bhatia KS, King AD, Yeung DK, Mo F, Vlantis AC, Yu KH, Wong JK, Ahuja AT.
Can diffusion-weighted imaging distinguish between normal and
squamous cell carcinoma of the palatine tonsil? Br J Radiol. 2010;83:753–8.

37. Mourad WF, Hu KS, Shasha D, Concert C, Ishihara D, Lin W. Initial experience with
oropharynx-targeted radiation therapy for metastatic squamous cell carcinoma of
unknown primary of the head and neck. Anticancer Res. 2014;34:243–8.

38. Durmus K, Rangarajan SV, Old MO, Agrawal A, Teknos TN, Ozer E. Transoral robotic
approach to carcinoma of unknown primary. Head Neck. 2014;36:848–52.

39. Haas I, Hoffmann TK, Engers R, Ganzer U. Diagnostic strategies in cervical
carcinoma of an unknown primary (CUP). Eur Arch Otorhinolaryngol. 2002;
59:325–33.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Gődény et al. Cancer Imaging  (2016) 16:38 Page 11 of 11

http://dx.doi.org/10.3174/ajnr.A4456
http://dx.doi.org/10.1007/s00405-015-365-4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Limitations

	Conclusions
	Additional file
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

