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Response evaluation of cervical lymph
nodes after chemoradiation in patients
with head and neck cancer - does
additional [18F]FDG-PET-CT help?
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Abstract

Background: Contrast-enhanced high-resolution computed tomography (contrast-CT) is a standard imaging
modality following primary concurrent radiochemotherapy (RCT) for response evaluation in patients with head and
neck squamous cell carcinoma (HNSCC). We investigated the additional benefit of Fluorine-18-fluorodeoxyglucose
([18F]FDG) - positron emission tomography with computed tomography (PET-CT), if complete response (CR) in the
neck based on contrast-CT was considered unsafe by the interdisciplinary tumor board (ITB).

Methods: In a retrospective observational study, patients recorded in the institutional tumor registry with incident
advanced HNSCC following first line treatment with RCT were eligible. If contrast-CT results of the neck were
equivocal or positive at response evaluation, a neck dissection (ND) was scheduled. While waiting for the ND, a
[18F]FDG-PET-CT was performed in addition. The histopathological outcome of ND served as reference criterion.
Accuracy parameters including sensitivity, specificity, accuracy, positive predictive value (PPV) and negative
predictive value (NPV) for both, contrast-CT and PET-CT, served as main outcome parameters.

Results: A total of 41 HNSCC patients with positive or equivocal posttreatment contrast-CT were eligible for post-
RCT-ND. Of these, 33 received an additional [18F]FDG-PET-CT prior to surgery. Median interval between completion
of RCT and the ([18F]FDG)-PET-CT was 10 weeks. Vital persistent tumor in the neck was histopathologically found in
13 of 33 patients with positive or equivocal posttreatment contrast-CT. For contrast-CT and [18F]FDG-PET-CT,
sensitivity was 92.3 and 69.2% and did not differ statistically significantly (p = 0.250) whereas specificity was
significantly higher for [18F]FDG-PET-CT compared with contrast-CT (80% vs. 25%, p = 0.001). For contrast-CT and
[18F]FDG-PET-CT accuracy, PPV and NPV was 31.7, 12.0,96.7 and 78.9, 27.8,95.0%, respectively.
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Conclusion: A negative [18F]FDG-PET-CT did not improve the exclusion of persistent vital tumor in the neck after
primary RCT in comparison with contrast-CT alone. However, a positive [18F]FDG-PET-CT was a considerably better
indicator of persistent, vital tumor in the neck than contrast-CT. If, based on the [18F]FDG-PET-CT result, the ND in
patients with an uncertain or positive neck response in contrast CT had been omitted, the treatment of persistent
nodal disease would have been delayed in 3 of 13 patients. On the other hand, if ND would have only been
performed in [18F]FDG-PET-CT positive patients, an unnecessary ND would have been avoided in 11 of 20 patients.

Keywords: Squamous cell carcinoma of Head and neck, Neoplasm, residual, Tomography, X-ray computed, Positron
emission tomography computed tomography, Neck dissection, Response evaluation criteria in solid tumors

Background
Most patients with advanced head and neck squamous
cell carcinoma (HNSCC) require multimodality treat-
ment [1], frequently consisting of surgery followed by
radiotherapy or primary concurrent radiochemotherapy
(RCT) [2]. Persistent cervical lymph nodes (LN) in histo-
pathological examination of neck dissection (ND) speci-
mens were observed in up to 40% of patients after
primary RCT. This was the rationale for upfront or a
priori planned ND of HNSCC after primary RCT [3, 4].
In a hallmark study, Mehanna and co-authors reported
the follow-up after primary RCT in patients with nodal
positive HNSCC. In one study arm, ND after RCT was
performed only in patients with nodal positive or
equivocal fluorine-18-fluorodeoxyglucose positron emis-
sion tomography scan with computed tomography
([18F]FDG-PET-CT) 12 weeks after completion of pri-
mary RCT. In the other arm, a priori planned ND in all
patients was performed. Survival in the [18F]FDG-PET-
CT arm was not inferior to survival in the planned ND
arm [5]. As a result of this study, [18F]FDG-PET-CT is
frequently regarded the reference imaging modality for
monitoring treatment response after primary RCT, be-
cause clinical decisions using post-RCT [18F]FDG-PET-
CT are based on level 1 evidence [5]. However,
[18F]FDG-PET-CT is expensive and not always readily
available. Several reports suggest that high-resolution
contrast-enhanced computed tomography (contrast-CT)
is sufficient for the clinical decision, if post-RCT ND is
indicated [6, 7].
Negative predictive value (NPV) and positive predict-

ive value (PPV) are important parameters for clinical de-
cision making, because they account for the prevalence
of a condition [8, 9]. In this clinical context, the NPV of
image-guided surveillance is the probability that persist-
ent nodal disease is actually absent, if the result is nega-
tive. NPV is the parameter of choice, if exclusion of a
condition is of primary interest. This is the case in pa-
tients fit for post-RCT neck dissection with low comor-
bidities and resectable persistent neck disease,
particularly if it can be treated with selective ND [10].
The positive predictive value (PPV) is the probability

that persistent nodal disease is actually present, if the re-
sult is positive. It is the measure of choice, if confirm-
ation of a condition is of major interest, for instance in
patients, in whom a post-RCT ND means a major risk
which should only be taken, if persistent nodal disease is
very likely.
In this retrospective observational study we evaluated

whether contrast-CT of the neck is sufficient as a stand-
ard imaging method for evaluating treatment response
following primary RCT and what further clinical benefit
an additional [18F]FDG-PET-CT of the post-RCT neck
provides. In addition, we investigated characteristics of
positive and negative cervical LN in contrast-CT and
[18F]FDG-PET-CT following RCT.

Materials and methods
Patient population
Patients recorded in the institutional head and neck can-
cer (HNC) registry with incident, histologically con-
firmed, advanced HNSCC (UICC III or IV) treated with
primary concurrent RCT at the Department of Oto-
rhinolaryngology, Medical University of Innsbruck,
Austria, between 2012 and 2019 were eligible. All pa-
tients underwent response evaluation 8–10 weeks after
primary RCT. In addition to clinical examination, a
contrast-CT of the head, neck and trunk was performed.
Radiology reports of the post-RCT contrast-CT were
based on reported evaluation criteria [7, 11]. Results of
clinical examination and contrast-CTs were presented to
the interdisciplinary tumor board (ITB). If the ITB
agreed on early complete remission (CR) of cervical LN,
regular follow-up examinations were initiated and pa-
tients excluded from the study. If doubts about CR
remained the ITB recommended an additional
[18F]FDG-PET-CT and a ND, even though written re-
port of contrast-CT classified cervical LN of these pa-
tients as negative. In these high risk patients, formal
radiologic malignancy criteria for residual cervical LNs
after RCT were not fulfilled (e.g. maximum short axis
LN diameter > 1 cm, focal LN abnormalities including
lucency, enhancement or eccentric LN bulging) [7, 11].
However, residual contrast enhancement higher than for
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the responding primary tumor site was observed. In
addition, clinical aspects including continued smoking
and alcohol consumption during and after RCT, invasion
of lymph vessels, venules or perineural spread in initial
histopathology, or high risk tumor sites (i.e. hypophar-
ynx, oral cavity), suggestive of increased risk for residual
cervical LNs after RCT were considered by the ITB. The
ND recommended by the ITB was also carried out when
the additional [18F]FDG-PET-CT was negative (Fig. 1).
Histopathologic findings of post-RCT ND specimens
served as reference criterion if vital residual neck disease
was present or not.

Inclusion and exclusion criteria
Patients recorded in the institutional HNC registry be-
tween 2012 and 2019 were eligible. Inclusion criteria
were incident, histologically proven, advanced HNSCC
(UICC III or IV) including carcinoma of unknown pri-
mary and first-line primary concurrent RCT. Clinical re-
sponse evaluation including a contrast-CT of the head,
neck and trunk; ITB recommendation for post-RCT ND
due to possible residual disease in the neck; primary
tumor site free of disease or considered resectable; and
post-RCT ND feasible with reasonable comorbidity.
Patients were excluded if they had cancer other than

HNSCC; curative intent surgery was part of the first-line
treatment; the ITB agreed that no signs of residual nodal
disease were found clinically and in contrast-CTs; re-
sidual primary tumors were considered irresectable; new
onset of distant metastases not amenable to curative in-
tent treatment like surgery or stereotactic body radiation
therapy; and post-RCT ND not feasible due to patient
comorbidities or because the lesions were considered
unresectable, e.g. infiltration of the prevertebral fascia or
infiltration of the common carotid artery.

Staging and first line treatment
All patients were staged according to the seventh or
eighth edition of the UICC TNM system. Treatment rec-
ommendations were made by an ITB based on the re-
sults of examination under anesthesia with
panendoscopy and contrast-CT of the head, neck and
trunk in line with the recommendations of the National
Comprehensive Cancer Center [13]. Additional examina-
tions were ordered by the ITB if considered appropriate.
Standard non-surgical treatment in patients with ad-
vanced HNSCC consisted of primary concurrent RCT as
previously described [14].

Contrast-CTs
Contrast-CTs were performed following the CT head &
neck imaging protocols at the Department of Radiology,
Medical University of Innsbruck. A GE-Medical Systems
Light Speed VCT® or Light speed 16 CT scanner® (GE

Medical, Vienna, Austria) was used. The scan area
ranged from the frontal sinus to the upper mediastinum
with a resolution of 512 × 512 pixels. Slices were calcu-
lated from raw data with 2 mm thickness, collimation of
24 × 1.2 mm and 0.45 pitch. Additional sagittal and cor-
onal images were reconstructed. As contrast medium,
Jopamiro 370® (Bracco Austria GmbH, Vienna, Austria)
was administered intravenously adjusted to the patient’s
bodyweight. Contrast-CT images were exported in
Digital Imaging and Communications in Medicine for-
mat using IMPAX EE® (DICOM, Agfa HealthCare, Bonn,
Germany) and the Picture Archiving and Communica-
tion System (PACS®, Cerner, Kansas City, USA). The
contrast-CTs were read by an experienced, board-
certified head and neck radiologist with more than 15
years of clinical experience in head and neck CT report-
ing. Since all contrast-CTs were performed prior to the
additional [18F]FDG-PET-CT, the radiologist was
blinded to the [18F]FDG-PET-CT findings. If the radi-
ology report described a CR of the cervical LNs, the
contrast-CT was classified as negative, otherwise
positive.
The LN, which was considered most suspicious was

used as index LN. Criteria to classify residual cervical
LNs as positive after RCT were in line with Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 [11].
In detail, residual cervical LNs were classified as positive
after RCT if the maximum short axis LN diameter was
> 1 cm, if focal LN abnormalities (lucency, enhancement
or eccentric LN bulging) were present, of if the LN had
increased by more than 2mm between staging- and re-
staging contrast-CT. Central LN necrosis was defined as
focal density difference in the center of the LN [7, 11].
In addition to these criteria, the maximum short axis
diameter of the index LN was recorded as previously de-
scribed [15].

[18F]FDG-PET-CT
PET/CT studies were performed according to institu-
tional clinical protocol using a dedicated PET/CT system
(Discovery 690; GE Healthcare, Milwaukee, USA). Pa-
tients were injected with a standard weight based 3
MBq/kg dose of [18F]-Fluorodeoxyglucose ([18F]FDG)
with a median activity of 209MBq (range: 165–370
MBq, mean activity: 244,2MBq) [16]. Median blood glu-
cose level at the time point of tracer administration was
96mg% (range: 76–140mg%). PET/CT imaging in 3-D
mode was initiated after a median uptake time of 74 min
post tracer injection (range: 55–87 min). For each PET
bed position (16.2 cm, overlapping scale 4.2 cm) a 2 min
acquisition time with a 15.5 cm field of view was used.
PET images were reconstructed with an ordered subset
expectation maximization (OSEM) algorithm with 2

Dejaco et al. Cancer Imaging           (2020) 20:69 Page 3 of 11



Fig. 1 (See legend on next page.)
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iterations/8 subsets and Gauss-filtered to a transaxial
resolution of 5 mm at full-width at half-maximum.
A low-dose CT scan was performed for attenuation cor-

rection of the PET emission data. Low-dose CT images
were also used for anatomical correlation of lesions with
increased uptake found on PET. The low-dose CT scan
parameters using “GE smart mA dose modulation” were:
100 kVp, 15–150mA, Noise index 60, 0.8 s per tube rota-
tion, slice thickness 3.75mm, and pitch 1.375. Reconstruc-
tion was performed with an OSEM with 4 iterations/8
subsets. Images were also corrected for randoms and scat-
ter using a software with an integrated correction algo-
rithm provided and predefined by the vendor.
All [18F]FDG-PET-CT images were analyzed by com-

mercially available software (eNTEGRA; GE Healthcare),
which allowed the review of PET, CT, and fused imaging
data. The PET data were read by an experienced, board-
certified nuclear medicine physician with more than 15
years of clinical experience in PET/CT reporting. Since
all [18F]FDG-PET-CT were performed after the
contrast-CTs, the nuclear medicine physician was not
blinded to the contrast-CT findings. [18F] FDG uptake
in cervical lymph nodes higher than the surrounding
background activity, was considered suspicious of malig-
nant disease [17]. Semi-quantitative analysis of all patho-
logical lesions, calculating the maximum standardized
uptake value (SUVmax), was performed with the same
software listed before (GE Healthcare). For calculation of
the SUV, 3D-volumes of interest were drawn automatic-
ally around areas with focally increased uptake at a 41%
isocontour and manually adapted. SUVmax of the lesions
was compared to SUVmax of normal background activity
including the sternocleidomastoid muscle. Lymph nodes
with an uptake higher than background activity were
judged positive for residual disease. This background-
based cutoff for PET-evaluation was chosen since a sim-
ple visual assessment is more reader dependent and
more prone to errors. If the nuclear medicine report de-
scribed a complete metabolic regression of the cervical
lymph nodes, the [18F]FDG-PET-CT was classified as
negative, otherwise positive [18, 19].

Post-RCT ND and histopathology
If persistent disease was limited to one neck level, select-
ive ND was performed [10]. If more than one level or
additional cervical structures were involved or extrano-
dal extension has been suspected initially or post-RCT,
comprehensive ND was carried out [20]. Post-RCT ND
specimens were fixed overnight in 10% buffered formalin
and further processed at the local pathology institute
(INNPATH GmbH, Tirol Kliniken, Innsbruck, Austria)
as recommended [21]. Individual LNs were not sepa-
rated from surrounding connective tissue but were later
identified under the microscope. All fibro-fatty tissue
which often contains cervical LNs was processed where
possible. All post-RCT ND specimens were embedded
using the ethanol – isopropanol – wax quick 4 mm
protocol of Hastes 5 embedding processor® (Milestone,
Bergamo, Italy). Five-micrometer thick paraffin sections
were cut from the paraffin blocks. Serial sections at dif-
ferent levels through the block were only performed if
considered necessary. Viability of individual LNs ob-
tained via post-RCT ND was determined in conventional
hematoxylin and eosin sections. If shrinking-, destructive
fragmentation- and/or lysis of cell nucleus, and/or
strong eosinophilia of cytoplasma of former HNSCC
cells within LNs was observed, the individual LN was
considered necrotic and classified negative in the histo-
pathological report. If nests of HNSCC cells with pink
cytoplasm, intercellular bridges and keratin pearl forma-
tion set in a background of stromal fibrosis within LNs
were observed, the individual LN was considered as
positive for containing vital tumor cells and classified as
positive in the histopathological report. Additional stains
were only performed as considered appropriate.

Data analysis
Patient clinical data were presented in tabular form. For
continuous data, means and standard deviations (SD) or
medians, lower quartiles (LQ) and upper quartiles (UQ)
were provided and compared with Mann-Whitney U-
test. Contingency tables were analyzed with Fisher’s
exact test. Diagnostic accuracy parameters including

(See figure on previous page.)
Fig. 1 Study flow and patient inclusion modified according to STARD criteria [12]. A total of 1110 patients were potentially eligible, of which 823
did not meet the inclusion criteria. Of 287 included patients, 16 patients died prior to response evaluation. Of the remaining 271 patients, 80
were classified as positive/equivocal and 191 as negative in contrast-CT scans following primary RCT. The ITB disagreed on early CR in 80/80
contrast-CT positive/equivocal patients and 6/191 contrast-CT negative patients. In these 6 contrast-CT negative patients, formal radiologic
malignancy criteria for residual cervical LNs after primary RCT were not fulfilled but higher residual contrast enhancement then observed for the
responding primary tumor site was observed. The remaining 185/191 contrast-CT negative patients were excluded, and regular follow-ups
performed, since ITB agreed on early CR. In total, the ITB disagreed on early CR in 86/271 patients after primary RCT. Of these, 45 patients had no
early CR for other reasons than residual cervical LN and were excluded. For all remaining 41 patients eligible for post-RCT ND an additional
[18F]FDG-PET-CT was recommended and performed in 33/41 patients. These 33 advanced HNSCC patients with likely or certain residual cervical
LN after primary RCT and available [18F]FDG-PET-CT prior to post-RCT ND were included
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sensitivity and specificity were calculated using the diag-
nostic test routines of MedCalc Version 19 (MedCalc
Software Ltd., Ostend, Belgium). Based on previous
studies [14], the prevalence of persistent cervical LNs
following primary RCT at our institution was estimated
to be 10%. This allowed to calculate the positive predict-
ive value (PPV), negative predictive value (NPV), and
diagnostic accuracy [8, 9] applying a correction factor,
which considers the prevalence of a given condition.
Higher prevalence results in lower NPV and vice versa
[8, 9] . Histopathologic outcome of ND specimens after
RCT (positive vs. negative) served as reference criterion.
Cutoffs for LN short axis diameter in contrast-CT and
SUV in [18F]FDG-PET-CT were identified using the
SPSS receiver operating characteristic (ROC) analysis
routine [22] based on the highest Youden J index. Calcu-
lations were performed with SPSS 26.0 (IBM Corp.,
Armonk, NY) and MedCalc Version 19 (MedCalc Soft-
ware Ltd., Ostend, Belgium). For statistical comparison
of sensitivity and specificity of contrast-CT and
[18F]FDG-PET-CT, McNemar-test was used.

Results
Selection of study population
A total of 1110 patients recorded in the institutional
HNC registry were potentially eligible. Of these, 823 did
not meet the inclusion criteria. Of 287 patients with ad-
vanced HNSCC treated with primary RCT, 16 patients
died prior to response evaluation. Of the remaining 271
patients, 80 were classified as positive or equivocal and
191 as negative in contrast-CT scans following primary
RCT. The ITB disagreed on early CR in 80/80 contrast-
CT positive or equivocal patients and 6/191 contrast-CT
negative patients. In these 6 contrast-CT negative pa-
tients, formal radiologic malignancy criteria for residual
cervical LNs after primary RCT were not fulfilled but
higher residual contrast enhancement then observed for
the responding primary tumor site was observed. The
remaining 185/191 contrast-CT negative patients were
excluded, and regular follow-ups performed, since ITB
agreed on early CR.
In total, the ITB disagreed on early CR in 86/271 pa-

tients after primary RCT. Of these, 45 patients had no
early CR for other reasons than residual cervical LN and
were excluded. For all remaining 41 patients eligible for
post-RCT ND an additional [18F]FDG-PET-CT was rec-
ommended and performed in 33/41 patients. These 33
advanced HNSCC patients with likely or certain residual
cervical LN after primary RCT and available [18F]FDG-
PET-CT prior to post-RCT ND were included (Fig. 1).
The mean (± SD) age was 65 ± 11 years ranging from 32
to 81 years; four patients were female (Table 1).
The median time interval between end of treatment

and restaging [18F]FDG-PET-CT was 70 (LQ 58, UQ

91, mean 91) days. The median time interval between
restaging [18F]FDG-PET-CT and salvage ND was 13
(LQ 5, UQ 20) days. Of the 33 patients included,
post-RCT contrast-CT findings classified 27 patients
as equivocal or positive and 6 patients as negative,
based on the written report. In these 6 patients, clas-
sified as contrast-CT negative, doubts about CR
remained, based on additional clinical and radiologic

Table 1 Clinical characteristics of the included 33 patients with
advanced HNSCC post RCT

Number of patients

Sex male 29

female 4

Age ≤ 50 years 2

51–60 years 10

61–70 years 8

71–80 years 12

≥ 80 years 1

p16 negative 18

positive 7

unknowna 8

Tumor site oral cavity 5

nasopharynx 1

oropharynx 15

hypopharynx 4

larynx 2

CUPb 6

Initial T-stage T0 6

T1 8

T2 9

T3 5

T4 6

Initial N-stage N0c 4

N1 9

N2 16

N3 4
a p16 was also assessed in several non-oropharyngeal HNSCC; b carcinoma of
unknown primary; c in 4 patients initially staged cN0, contrast-CT after
completion of treatment was suggestive of newly developed cervical
LN metastasis

Table 2 Post-RCT necks (reference criterion) versus contrast-CT
and PET-CT

Neck histopathology

positive negative total

Contrast-CT positive 12 15 27

negative 1 5 6

PET-CT positive 9 4 13

negative 4 16 20
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aspects (Table 2). Therefore, the ITB recommended
post-RCT-PET and post-RCT ND in all 33 patients,
including 6 contrast-CT negative patients. Histopath-
ology of post-RCT ND was positive in 13 and nega-
tive in 20 patients.
If the ITB had simply adhered to the results of the

PET-CT, the PET-CT would have reduced the false pos-
itives from 15 to 4, thus saving 11 of 20 unnecessary
ND. On the other hand, the PET-CT would have in-
creased false negative from 1 to 4, so 3 of 13 required
ND would have been delayed. This suggest that none of
the imaging modalities is reference method on its own,
but that an ITB should make a recommendation for or
against a post-RCT ND by considering all clinical and
imaging data.

Accuracy of contrast-CT in post-RCT necks
Radiology reports of contrast-CT scans were negative
in 6/33 included patients (Table 2). In these 6 pa-
tients, the ITB considered contrast-CT findings
equivocal and recommended a post-RCT ND
(Fig. 2a). In 1/6 contrast-CT negative patient, vital
tumor was found histopathologically in the post-RCT
ND specimen (Fig. 2c). In all six contrast-CT nega-
tive patients, PET-CT was also negative. The radi-
ology reports of neck contrast-CT scans were
positive in 27/33. In 12/27 contrast-CT nodal posi-
tive patients, vital tumor was found histopathologic-
ally in the neck specimen and 15/27 were
histopathologically negative. This translates to a sen-
sitivity and specificity of post-RCT contrast-CT of
92.3% (95% CI 64.0 to 99.8%) and 25.0% (95% CI 8.7
to 49.1%, respectively (Table 3). Assuming a preva-
lence of 10% for nodal persistence after RCT [14],
post-RCT contrast-CT the PPV was 12.0% (95% CI
9.2 to 15.6%), the NPV was 96.7 (95% CI 79.3 to

99.6%) and the accuracy was 31.7% (95% CI 16.7 to
50.2%), respectively (Table 3).
Histopathology of neck dissection specimens served as

reference criterion. Based on a previous study [14], the
prevalence of residual nodal disease in the neck post-
RCT was set to 10%.

Accuracy of [18F]FDG-PET-CT in post-RCT necks
In the nuclear medicine reports, [18F]FDG-PET-CTs
of the neck were classified as negative in 20/33 pa-
tients and positive in 13/33 patients (Table 2). Of the
20 [18F]FDG-PET-CT nodal negative patients, histo-
pathology of the post-RCT neck specimen was also
negative 16 patients and positive in 4 patients
(Fig. 2b). In the 13 PET-CT nodal positive patients, 4
were histopathologically negative and 9 were histo-
pathologically positive. This translates to a sensitivity
and specificity of post-RCT [18F]FDG-PET-CT of
69.2% (95% CI 38.6 to 90.9%) and 80.0 (95% CI 56.3
to 94.3%), respectively (Table 3). Assuming a preva-
lence of 10% for nodal persistency after RCT [14], for
post-RCT [18F]FDG-PET-CT the PPV was 27.8%
(95% CI 13.0 to 49.8%), the NPV was 95.0% (95% CI
91.0 to 98.2%) and the accuracy was 78.9% (95% CI

Fig. 2 Corresponding contrast-CT, PET-CT and post-RCT neck specimen. Corresponding axial contrast-CT (a), PET-CT (b) and hematoxylin and
eosin stained histopathology of ND specimen (c) of a 32-year-old male patient with oral HNSCC, initially staged cT2 cN2b cM0. While both,
contrast-CT- and PET-CT-report found no persistent neck disease, post-RCT ND revealed vital tumor cells in 3 of 48 lymph nodes, all of which
showed extracapsular spread. The index LN, which was classified negative for persistent neck disease (a, b) and the site of extracapsular spread in
the post-radiotherapy ND specimen (c) are indicated with black arrows. For the index LN, the maximum short axis diameter was 1.6 mm and the
maximum SUV 2.4. Despite post-RCT ND, the patient developed further tumor recurrences and died 6 months after treatment

Table 3 Accuracy parameters of contrast-CT and PET-CT in
post-RCT necks

Contrast-CT % (95%CIa) PET-CT % (95%CIa)

Sensitivity 92.3 (64.0–99.8) 69.2 (38.6–90.9)

Specificity 25.0 (8.7–49.1) 80.0 (56.3–94.3)

PPVb 12.0 (9.2–15.6) 27.8 (13.0–49.8)

NPVc 96.7 (79.3–99.6) 95.0 (91.0–98.2)

Accuracy 31.7 (16.7–50.2) 78.9 (61.2–91.1)
a 95%CI 95% confidence interval, b PPV Positive predictive value, c NNP
Negative predictive value
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61.2 to 91.1%), respectively (Table 3). Sensitivitiy of
contrast-CT and [18] FDG-PET-CT did not signifi-
cantly differ (McNemar-test p = 0.250), whereas speci-
ficity of [18] FDG-PET-CT was statistically
significantly higher compared with contrast-CT
(McNemar-test p = 0.001).

Lymph node characteristics in post-RCT necks
In patients with histologically positive necks post RCT,
maximum short axis LN diameters in contrast-CTs were
larger (median 12.2 mm; LQ 7.3 mm; UQ 17.9 mm) than
in histopathologically neck negative patients (median
6.8 mm; LQ 1.5 mm; UQ 12.4 mm; p = 0.048). ROC ana-
lysis of the maximum short axis diameter revealed an
area under the curve (± standard error of mean) of
0.71 ± 0.09 (p = 0.049), which is usually considered just
about “fair” [22]. Focal LN lucency was more frequent in
histopathologically positive necks (Table 4). When tak-
ing the prevalence of persistent positive LNs after RCT
into account, the NPV of focal LN lucency suggesting
central LN necrosis was surprisingly high (95.4%; 95%
CI 89.6 to 98.0) meaning that the absence of focal LN
lucency makes persistent nodal disease rather unlikely.
However, the presence of focal LN lucencies after RCT
means little (PPV 20.4%; 95% CI 10.7 to 35.4%).
Post-RCT SUV revealed high discriminative power. In

patients with histologically positive necks post-RCT,
SUV in PET-CT was significantly higher (median 4.1;
LQ 3.0; UQ 6.5) than in histopathologically neck nega-
tive patients (median 2.3; LQ 1.9; UQ 3.1; p < 0.001).
The area under the ROC curve was 0.90 ± 0.05 (p <
0.001). The maximum Youden-Index, an indicator for an
optimum cutoff between positive and negative was 0.69
at a SUV value of 3.75. At this SUV value, sensitivity
was 0.69 and specificity was 1.0.

Survival status of study population
In 86 patients with advanced HNSCC ITB disagreed on
early CR after primary concurrent RCT. Of these, 46 pa-
tients had no early CR for other reasons than residual
cervical LN including tumor progression, residual pri-
mary, or inoperable residual cervical LN (Fig. 1). For
these patients, mean follow up was 19.4 (±25.5; range

0.1 to 132.9) months. Of these, 5 are currently alive, 27
died of the disease, 8 died of other cause and in 5 pa-
tients survival status is unclear. For the 8 patients, which
received post-RCT ND without additional [18F]FDG-
PET-CT, mean follow up was 44.6 (±40.1; range 9.2 to
123.9) months. Of these, 4 are currently alive, 3 died of
the disease and 1 died of other cause. For the 33 pa-
tients, which received an additional [18F]FDG-PET-CT
prior to post-RCT ND, mean follow up was 39.7 (±27.7;
range 10.5 to 139.8) months. Of these, 22 are currently
alive, 9 died of the disease and 2 died of other cause.

Discussion
An upfront or a priori planned post-RCT ND [3, 4] is
not necessary after primary RT/RCT in advanced HNSC
C [5]. After the completion of primary RCT, patients
with CR can be identified using appropriate imaging mo-
dalities, and these patients do not require post-RCT ND.
However, falsely assuming a CR can be a substantial dis-
advantage for the patient. At our institution, high-
resolution contrast-CT 8–10 weeks following completion
of RCT is the standard imaging modality for response
evaluation [6, 7]. This study was designed to explore if
high-resolution contrast-CT is sufficient for this purpose
and if additional [18F]FDG-PET-CT provides valuable
add-on information. The histopathologic outcome of
post-RCT ND specimen served as reference criterion.
It seemed not justifiable to perform a contrast-CT and

a [18F]FDG-PET-CT in all patients after RCT and then
a post-RCT ND regardless of the result of these exami-
nations. However, there was nothing wrong with con-
tinuing our standard imaging modality for RCT
response assessment and making the decision about
post-RCT ND as before in the ITB. In addition to
contrast-CT, a [18F]FDG-PET-CT was ordered if a post-
RCT ND was recommended by the ITB and carried out
in the interval between the ITB meeting and the ND
(Fig. 1).
Occasionally, the ITB recommended post-RCT ND

also if the written radiology report was negative. In these
high risk patients, formal radiologic malignancy criteria
for residual cervical LNs after RCT were not fulfilled but
residual contrast enhancement higher than for the
responding primary tumor site was observed. In
addition, continued smoking and alcohol consumption
during and after RCT, invasion of lymph vessels, venules
or perineural spread in initial histopathology, or high
risk tumor sites were considered by the ITB. For
contrast-CT an accuracy of 32% and for [18F]FDG-PET-
CT of 79% was observed. This means, that classification
of post-RCT necks was correct in 32% of the case by
contrast-CT and in almost 80% of the cases in
[18F]FDG-PET-CT. The NPV of contrast-CT (96.7%;
95% CI 79.3 to 99.6%) was slightly better than that of

Table 4 Characteristics of index LNs in contrast-CT and PET-CT
vs. post-RCT necks

Neck histopathology p-value

positive negative

Diameter in contrast-CTa 12.2 (7.3; 17.9) 6.8 (1.5; 12.4) 0.0483)

Focal lucency in contrast-CT 9 of 13 6 of 20 0.0384)

SUVmax in PET-CTb 4.1 (3.0–6.5) 2.3 (1.9–3.1) < 0.0013)

a maximum short axis diameter (mm; median; lower quartile; upper quartile); b

maximum standardized uptake value of the most suspicious lymph node
(95%CI: confidence interval); 3) Mann-Whitney U-test; 4) Fisher exact test
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[18F]FDG-PET-CT (95.0%; 95% CI 91.0 to 98.2%;
Table 3). A high NPV implies that false negative results
are minimized [8, 9]. False negative results after RCT
mean an undetected persistent disease that often pro-
gresses quickly and has an unfavorable prognosis if not
treated. Most patients can be treated safely and
effectively [23], but treatment becomes increasingly diffi-
cult the longer the time interval between RCT and post-
RCT ND due to progressive radiation fibrosis [24]. If the
ITB had simply adhered to the results of the [18F]FDG-
PET-CT, the rate of false negatives would have increased
from 1 to 4, so the post-RCT 3 of 13 patients would
have been delayed (Table 2).
On the other hand, the PPV of [18F]FDG-PET-CT

(27.8%; 95% CI 13.0 to 49.8%; Table 3) was considerably
better than that of contrast-CT (12.0%; 95% CI 9.2 to
15.6%). All [18F]FDG-PET-CT positive patients were
also positive in contrast-CT. In 27 patients, the post
RCT contrast-CT reports were positive. If the ITB had
had simply adhered to the results of the [18F]FDG-PET-
CT, the rate of false positive positives would have been
reduced from 15 to 4, thus saving 11 of 20 patients un-
necessary post-RCT ND (Table 2). This suggests, that
none of the imaging modalities is reference method on
its own, but that an ITB should make a recommendation
for or against post-RCT ND by considering all available
clinical and imaging data.
We also investigated optimum cutoff values between

positive and negative results of the two imaging modal-
ities regarding LN features in the investigated post-RCT
population. The maximum LN short axis diameter in
contrast-CTs had a rather poor discriminative power at
its optimum cutoff at 11.2 mm [22]. At this cutoff, the
sensitivity was 0.62 and the specificity was 0.75. The ob-
served optimum cutoff value in the present study corre-
sponds closely to the current standard of 10 mm [7, 11].
Absence of focal LN lucency suggests absence of central
LN necrosis and this had a remarkable NPV (95.4%; 95%
CI 89.6 to 98.0). If a LN had no focal lucency in
contrast-CT, it was very likely to be histopathologically
negative. The best discriminative power had the SUVmax

value in [18F]FDG-PET-CTs. The optimum cutoff was
at a SUVmax value of 3.75 with a sensitivity of 0.69 and a
specificity of 1.0. To increase sensitivity (on cost of spe-
cificity), a little lower SUVmax appeared a more favorable
cutoff. The resulting SUVmax of 3.5 goes in line with pre-
viously published data of different types of [18F]FDG-
PET/CT-scanners [18].
The authors are aware of the several limitations of this

study. As a result of the limited choice of possible study
designs, included patients are not representative for the
population of HNSCC patients post-RCT, because pa-
tients were excluded if complete regression of LNs based
on contrast-CT was considered certain by the ITB.

Therefore this selection bias of the present study cannot
serve to compare the general value of contrast-CT and
[18F]FDG-PET-CT to assess CR after following primary
RCT. Only information about the additional value of an
add-on [18F]FDG-PET-CT if doubts about CR remain
can be gained. Two scenarios after RCT in patients with
nodal positive HNSCC might be discussed. If CR is un-
certain despite negative contrast-CT, false-negative
contrast-CT findings might be identified via [18F]FDG-
PET-CT. The present data suggests that [18F]FDG-PET-
CT did not aid in decision making. Of six contrast-CT
negative patients, the one false-negative patient was clas-
sified negative in contrast-CT and [18F]FDG-PET-CT.
Thus, sensitivity of both imaging modalities did not sig-
nificantly differ (92% vs. 69%; p = 0.250). In this clinical
situation, surgery might be considered if perioperative
risk is low.
If residual cervical LN after RCT is likely or certain,

[18F]FDG-PET-CT aids in decision making: of 27
patients contrast-CT positive, only 13 were [18F]-
FDG-positive. Of these, only 4 patients were [18F]-
FDG-PET-CT false-positive. Thus, specificity of
[18F]FDG-PET-CT was significantly higher (80% vs.
25.0%, McNemar-test p = 0.001). In this clinical situ-
ation, [18F]FDG-PET-CT aids in identifying false-
positive contrast-CT findings, thus sparing patients a
post-RCT ND, in whom surgery would pose a signifi-
cant risk .
Another limitation of this study is the low number

of patients and that not all patients eligible for post-
RCT ND received an additional [18F]FDG-PET-CT
(lack of capacity). The reference criterion of this
retrospective observational study was the histopatho-
logical result of the post-RCT ND specimens and not
the catamnestically recorded course of disease. In
contrast to histopathological results of post-RCT ND
specimens, the further course of disease hardly allows
to differentiate between persistent and recurrent neck
disease and may be biased by loss to follow up. We
identified several studies, which had also used the
histopathological outcome of post-RCT ND specimens
as reference criterion [16, 25–28] (Table 5) with simi-
lar numbers of patients.
Brkovich and colleagues included 19 patients with

persistent HNSCC of various tumor sites after pri-
mary RCT in a prospective case series. Response
evaluation with [18F]FDG-PET-CT was performed 7
to 12 weeks after the end of primary treatment. The
authors observed an NPV of % 91.7 for [18F]FDG-
PET-CT [29]. Chan and co-workers retrospectively
reviewed 20 patients with human papillomavirus
(HPV)-associated oropharyngeal HNSCC after primary
RCT. [18F]FDG-PET-CT was performed 13 weeks
after end of primary treatment. A NPV of 85.7% was
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reported, if a maximum SUVmax < 2.5 was chosen as
threshold [25]. Kim and colleagues included 39 pa-
tients with residual HNSCC of various tumor sites
after RCT in a prospective case series. Response
evaluation with [18F]FDG-PET-CT was performed 8
to 28 weeks after end of primary treatment. The au-
thors observed a NPV of 92% [26]. Pellini and co-
authors included 36 patients with advanced oropha-
ryngeal HNSCC after primary RCT in a prospective
case series. Response evaluation with [18F]FDG-PET-
CT was performed 3 to 6 weeks after end of primary
treatment. A NPV for [18F]FDG-PET-CT of 64.3%
was reported [27]. Rosko and co-authors retrospect-
ively reviewed 46 nodal negative patients with recur-
rent laryngeal HNSSC undergoing salvage
laryngectomy after primary RCT. [18F]FDG-PET-CTs
were performed 6 to 26 weeks after completion of pri-
mary treatment. The authors observed a NPV of
76.6% for [18F]FDG-PET-CT [28]. However, all these
studies did not use prevalence data in their analysis
[25–29].
Moreover, this study is limited to the extent to which

only one investigator evaluated the results of the
contrast-CT and [18F]FDG-PET-CT. Although both in-
vestigators are board-certified experts with more than
15 years of clinical experience in their respective field,
the inter-rater- and intra-rater-variability should have
been explored.

Conclusion
In this study, a negative [18F]FDG-PET-CT did not im-
prove the exclusion of persistent vital tumor in the neck
after primary RCT in comparison with contrast-CT
alone, which is reflected in similar sensitivities. However,
a positive [18F]FDG-PET-CT was a considerably better
indicator of persistent, vital tumor in the neck than con-
trast CT, which is reflected in significantly higher speci-
ficity. If, based on the [18F]FDG-PET-CT result, the ND
in patients with an uncertain or positive neck response
in contrast CT had been omitted, the treatment of per-
sistent nodal disease would have been delayed in 3 of 13
patients. On the other hand, if ND would have only been

performed in [18F]FDG-PET-CT positive patients, an
unnecessary ND would have been avoided in 11 of 20
patients. As with all diagnostic procedures, the individ-
ual clinical interpretation of the result is of primary
relevance.
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