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A B S T R A C T

Purpose: To compare multidisciplinary team conference (MDTC) decisions regarding treatment intent based on
either chest X-ray+MRI of the head and neck (CXR/MRI) or 18F-FDG-PET/CT (PET/CT) in patients with re-
current head and neck squamous cell carcinoma (HNSCC).
Methods: Prospective blinded cohort study based on paired data. Consecutive patients with suspected recurrent
HNSCC were invited to participate. All included patients underwent CXR/MRI and PET/CT before diagnostic
biopsy. An ordinary MDTC using all available imaging data was conducted as per standard practice. After at least
three months (to eliminate recall bias in the team), the first project MDTC, based on either CXR/MRI or PET/CT,
was conducted, and the tumor board made conclusions regarding treatment. After an additional three months, a
second project MDTC was conducted using the complementary imaging strategy. The separate treatment stra-
tegies were compared using McNemar’s test.
Results: A total of 110 patients (90 males and 20 females, median age 66 years, range 40–87) were included. The
initial primary tumor originated from the pharynx in 56 (51%) patients, oral cavity in 17 (15%) patients, and
larynx in 37 (34%) patients. Based on CXR/MRI, 87 patients (79%) were recommended curative treatment and
23 (21%) palliative treatment. Based on PET/CT, the MDTC decided that 52 (47%) patients were suitable for
curative treatment and 58 (53%) for palliative treatment. The absolute difference of 32% was statistically sig-
nificant (95% CI: 22–42%, p < 0.001).
Conclusions: PET/CT affected MDTC decisions in patients with recurrent HNSCC towards less curative and more
palliative treatment.

Introduction

Although the 5-year mortality in patients with head and neck
squamous cell carcinoma (HNSCC) has declined during the last decades,
relapses within the first three years are frequently encountered [1,2].
Recurrent HNSCC is generally considered to have a poor prognosis
[3,4]. Curatively intended surgery is extensive and requires advanced
reconstructive procedures, and a substantial proportion of patients with
recurrent HNSCC are treated with palliative intent [5]. Therefore,
careful evaluation and selection of patients with recurrent disease is

imperative.
18F-FDG-PET/CT (PET/CT) appears to be more effective than stan-

dard imaging strategies, i.e., head and neck magnetic resonance ima-
ging (MRI) and/or computed tomography (CT), in detecting posttreat-
ment recurrent HNSCC [6,7]. Furthermore, we have already
demonstrated in a prior study that PET/CT affects multidisciplinary
team conference (MDTC) decisions compared with standard imaging in
patients with primary HNSCC, leading to more individualized patient
management [8]. However, the effect of such a strategy on treatment
decisions in recurrent HNSCC is currently unknown.
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For suspected recurrences, the European Head & Neck Society and
the European Society for Medical Oncology recommend an imaging
strategy with head and neck MRI or CT+ chest X-ray (CXR/MRI). PET/
CT is suggested in the presence of unclear findings [9]. The Danish
national guidelines also recommend imaging in case of suspected re-
currence, directed towards tumor location, but without a clear choice of
imaging modality [10]. The US National Comprehensive Cancer Net-
work (NCCN) does not include specific guidelines for working up re-
current disease. The NCCN recommendations merely relate to standard
follow-up with imaging of the primary tumor site within six months of
completing treatment using PET/CT or CT and/or MRI with contrast.
Further reimaging is indicated based on symptomatology [11].

The objective of this study was to compare MDTC decisions reached
with respect to treatment intent based on either CXR/MRI or PET/CT in
patients with recurrent HNSCC.

Methods

We conducted a blinded prospective cohort study based on paired
data. The setting and methods have been described previously [8]. We
considered patients with suspected recurrent oral, pharyngeal, or lar-
yngeal carcinoma referred to the Head and Neck Cancer Center, Odense
University Hospital, from September 2013 to March 2016.

Inclusion criteria were; histologically verified recurrence in pre-
vious treated HNSCC patients, without distant metastasis in the diag-
nostic work up of the initial disease, and with a minimum time interval
of four months from primary treatment. We defined a primary site re-
currence as squamous cell carcinoma within five years in the same
anatomical site (i.e., oral cavity, pharynx, or larynx). Exclusion criteria
included allergy or intolerance toward iodine contrast, use of high-dose
systemic corticosteroids (equivalent to> 50mg prednisolone daily),
impaired renal function (plasma creatinine> 90micromol/L for
women and>105micromol/L for men or previously diagnosed kidney
disease), inability to cooperate, or blood glucose> 8mmol/L (slightly
elevated blood glucose levels were acceptable).

All patients underwent upfront (prior to biopsy) CXR/MRI and PET/
CT on the same day, upfront imaging being the standard procedure for
all patients in the Danish head and neck cancer fast-track program [12].
Patients with histologically verified recurrent HNSCC constituted the
final study population and their data were used to compare the overall

treatment decision reached by the MDTC, based on either PET/CT or
CXR/MRI.

Multidisciplinary team conference

The MDTC was a collaborative effort among the Departments of
Oto-Rhino-Laryngology (Head & Neck Surgery), Plastic Surgery,
Oncology, Nuclear Medicine, and Radiology, who were all represented
by experienced specialists participating in MDTC conferences as part of
their daily clinical practice. Pathologists and neurosurgeons were in-
vited to participate as needed.

All patients participated in an ordinary MDTC that included all
available imaging in order to ensure that they received full benefit of
the examinations performed as part of their workup for recurrent
HNSCC and subsequent treatment (Fig. 1). As part of the study, a
project MDTC based on CXR/MRI or PET/CT was undertaken after at
least three months. The delay was introduced to eliminate recall bias in
the tumor board of evaluators. After an additional three months, a
second project MDTC was carried out based on the complementary
imaging strategy only. All patients were thus evaluated twice in a
blinded and paired setup, in which the only difference was the available
imaging strategy and the corresponding imaging team. No fixed method
was used (nor randomization) for selection between CXR/MRI and
PET/CT as the first imaging strategy during project MDTC sessions.

The PET/CT imaging team included nuclear medicine specialists
and radiologists, while the CXR/MRI team consisted of radiologists
only. All were experienced chief physicians. The individual imaging
team members were allocated to only one team, and no overlap or in-
terchange between teams was allowed.

Project MDTC sessions were held once a week and included ap-
proximately fifteen patients at each session. A representative from the
PET/CT team joined the MDTC every other week, and equivalently, one
from the CXR/MRI team the other week. At each project session, the
pre-diagnostic patient history was briefly presented by the lead author
MR (who was not a member of the tumor board), and the scans were
evaluated and discussed. Both patient history and the reviewed imaging
was anonymized. All imaging studies were evaluated by the tumor
board, and registration forms comprising variables about treatment
strategy, intent, and modality were completed and filed in separate,
sealed envelopes [8].

Fig. 1. Diagram of the multidisciplinary team conferences (MDTC). CXR= chest X-ray, HNSCC=head and neck squamous cell carcinoma, MRI=magnetic re-
sonance imaging of the head and neck, PET/CT= 18F-FDG-PET/CT. *CXR/MRI if PET/CT was used first during the first project MDTC and vice versa.
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Scan protocols

This study followed the imaging protocols previously described [8].
PET/CT scans were performed with by a hybrid PET/CT scanner (GE
Discovery 690, 710, VCT, or RX) and extended from the vertex to the
upper thighs. Images from all four PET/CT systems had a slice thickness
of 3.27mm. A diagnostic quality CT scan with intravenous contrast
medium (Ultravist®) was acquired after the PET scan.

MRI was performed on Philips Achieva, Achieva dStream or Ingenia
1.5T. The exam protocol was kept unchanged for the duration of the
study and consisted of STIR, TSE-T2 and -T1 with and without contrast
enhancement, in axial or coronal planes with coverage from skull base
to aortic arch using 5mm slices. CXR was performed to departmental
standards in full inspiration anteroposterior and lateral projections.

Image evaluation

Discrimination of recurrent disease from benign post-treatment se-
quelae was evaluated at the primary site, regional lymph nodes, and
distant metastases. In general, morphological changes, altered signal
intensity, contrast enhancement, changes in diffusion and metabolic
information on FDG avidity by PET were evaluated. A fixed threshold of
standard uptake value was not used to determine whether a lesion was
malignant or not. Presence of post-surgical and/or radiation-induced
edema and inflammation was thoroughly assessed for all imaging
modalities. In particular, increased metabolism of the oral cavity after
resection and/or irradiation was thoughtfully recognized. If available,
prior scans were used to help distinguish a recurrence from benign post-

treatment changes. For instance, the visual intensity of FDG uptake in
terms of lesion to background difference was compared with that of the
primary tumor in previous scan(s) to help discrimination of recurrence
from benign post-treatment effects.

Endpoints

The primary outcome measure was change of treatment intent (i.e.,
curative versus palliative) decided by the multidisciplinary tumor
board, based on a PET/CT-based imaging strategy versus a CXR/MRI-
based strategy. Cancer-specific mortality (from diagnosis of recurrent
disease) was applied as the event for the net reclassification improve-
ment (NRI) analysis. Follow-up data on mortality were obtained from
the patients' medical records at least 6 months (August 31, 2016) after
termination of inclusion. Our electronic record system is linked to the
Danish Cause of Death Registry [8].

Statistical methods

Continuous variables are presented as medians and ranges
(minimum and maximum values), and categorical variables as counts
and corresponding percentages. We conducted a head-to-head com-
parison of MDTC decisions on patients assigned to curative or palliative
treatment, based on either PET/CT or CXR/MRI, using 2×2 tables and
McNemar’s test. Moreover, the ability of PET/CT to improve the MDTC
decision regarding treatment intent, in terms of predicted survival, was
tested using categorical NRI [13,14]. NRI calculates the improvement
in risk prediction obtained by a new model (as compared to an older

Fig. 2. Flowchart of patient selection. CCT= chest computed tomography, CXR= chest X-ray, HNSCC=Head and neck squamous cell carcinoma, MRI=magnetic
resonance imaging of the head and neck, PET/CT= 18F-FDG-PET/CT.
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one) by measuring the ability of the new model to reclassify subjects
(into a higher or lower risk category) either properly or improperly. NRI
is a relatively new statistical method of risk prediction that has gained
wide attention. C-statistics and area under the curve have been the
standard approach of measuring improvements, but may not have
clinical applicability and can be challenging to interpret in case of
small-scale changes [8,14].

The significance level was 5%. All analyses were performed with
Stata/IC 15.1 (StataCorp LP, College Station, Texas, USA).

Ethics and disclosures

The study was conducted in accordance with the Declaration of
Helsinki. Permission was granted from the Regional Ethics Committee
(Project ID: S_20120217), and written informed consent was obtained
from all included patients. The project was implemented without the
involvement of private organizations or companies.

Results

Three-hundred-and-sixty-four patients were referred to our institu-
tion with suspected recurrent HNSCC. Of these, a total of 110 patients
had histologically verified relapse and were included in the study
(Fig. 2); 90 (82%) were men and 20 (18%) women with a median age of
66 years (range 40–87). The initial primary tumor originated in the
pharynx in 56 (51%) patients, oral cavity in 17 (15%) patients, and
larynx in 37 (34%) patients. Median follow-up from diagnosis of re-
current disease was 491 days (range 13–1505 days). At study termina-
tion, the overall cancer-specific mortality rate was 57% (63/110)
(Table 1).

Table 2 presents the site(s) of recurrence; 80 (73%) patients had
local failure, 60 (55%) patients had regional failure, and 33 (30%) had
distant failure. The distribution of localized (stage I-II), locally ad-
vanced (stages III, IVA, or IVB), and metastatic (stage IVC) disease,
categorized by CXR/MRI and PET/CT, respectively, is presented in
Table 3 [15]. CXR/MRI categorized 40% as localized, 54% as locally
advanced, and 6% as distant metastatic disease, whereas PET/CT ca-
tegorized 21% as having localized disease, 45% as locally advanced,
and 34% as metastatic disease (p < 0.001). Supplemental Table 1
displays the anatomical location of the distant metastases among the 33
patients diagnosed with disseminated disease.

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.oraloncology.2019.04.
025.

Five (5%) patients were upstaged from localized disease by CXR/
MRI to metastatic disease based on PET/CT, whereas 26 (24%) patients
were upstaged from locally advanced to metastatic disease. One patient
was downstaged from metastatic disease to locally advanced based on
PET/CT.

The discrepant rate of distant metastasis in Tables 2 and 3 (i.e., 30%
vs. 34%) is due to the use of differing reference standards. Metastatic
disease in Table 2 was clinical reasoned, i.e., based on the ordinary
MDTC decision with all available imaging as reference standard (CXR/
MRI+PET/CT), while Table 3 was based on PET/CT findings alone.

Management decisions

MDTC decisions based on CXR/MRI recommended treatment with
curative intent for 87 (79%), and palliative treatment for 23 (21%)
patients. PET/CT-based decisions found 52 (47%) patients suitable for
curative treatment, and 58 (53%) for palliative treatment (Tables 4 and
5). The resulting absolute difference of 32% was statistically significant
(95% CI: 22–42%, p < 0.001).

Reclassification

NRI analysis showed that the use of PET/CT was associated with a
significant improvement in determining the appropriate treatment in-
tent as compared with CXR/MRI, from a prognostic perspective
(NRI= 48%, 95% CI: 29–67%, p < 0.001). Cancer-specific mortality
was chosen as the event for reclassifying subjects, and the net re-
classification was obtained by subtracting the 2/47 (4%) patients in the
non-event group who were apparently incorrectly reclassified to pal-
liative treatment from the 33/63 (52%) patients in the event group

Table 1
Basic clinical characteristics of head and neck squamous cell carcinoma patients
(n=110).

Clinical characteristics Patients %

Age, years
Median (range) 66 (40–87)

Sex
Male/female 90/20 82/18

Initial primary tumor site

• Oral cavity 17 15

• Pharynx 56 51

• Larynx 37 34

Primary stage

• I 15 14

• II 20 18

• III 19 17

• IVA 44 40

• IVB 12 11

• IVC 0 0

Primary N-classification

• N0 60 55

• N+ 50 45

Primary treatment

• Surgery 8 7

• Surgery+Radiotherapy 10 9

• Radiotherapy 68 62

• Chemoradiotherapy 24 22

Follow-up*

• Days (median) 491

• Range 13–1505

Cancer-specific mortality
Overall 63/110 57

• Oral Cavity 9/17 53

• Pharynx 35/56 63

• Larynx 19/37 51

* From diagnosis of recurrence.

Table 2
Site of recurrence for 110 patients with recurrent head and
neck squamous cell carcinoma (HNSCC).

Recurrent site# Patients

Local (T-site)* 80 (73%)

• Oral cavity (n=17) 13 (71%)

• Pharynx (n= 56) 38 (68%)

• Larynx (n= 37) 29 (78%)

Regional (N-site)** 60 (55%)

• Oral cavity (n=17) 11 (65%)

• Pharynx (n= 56) 34 (61%)

• Larynx (n= 37) 15 (40%)

Metastatic (M-site)*** 33 (30%)

• Oral cavity (n=17) 5 (29%)

• Pharynx (n= 56) 20 (36%)

• Larynx (n= 37) 8 (22%)

# Each patient had recurrence at one or several sites.
* Histology was the reference standard.
** Histology or cytology was the reference standard.
*** Based on ordinary MDTC decision with all available

imaging as reference standard (CXR/MRI+ PET/CT).
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who, based on PET/CT, were correctly reclassified from curative to
palliative treatment (Table 6).

Discussion

Our results show that a PET/CT-based imaging strategy changed
MDTC decisions regarding treatment intent in almost one-third of pa-
tients with recurrent HNSCC when compared directly with CXR/MRI.
Furthermore, in terms of cancer-specific survival, a significantly greater
share of patients was correctly assigned palliative intended treatment
by PET/CT.

Prior studies have demonstrated the superiority of PET/CT to
standard imaging strategies for detection of relapse in treated HNSCC,
including both loco-regional recurrence and distant disease [6,16,17].

In most cases, metastatic disease precludes definitive treatment and
may change the MDTC decision from curative to palliative intent [18].
Despite the relatively low propensity for metastatic spread in untreated

Table 3
Distribution of Union for International Cancer Control (UICC) equivalent relapse stages: localized (stages I or II), locally advanced (stages III, IVA, or IVB), and
metastatic (stage IVC) disease according to upfront imaging strategy, including specific upstaging and downstaging based on CXR/MRI vs. PET/CT.

CXR= chest X-ray, HNSCC=head and neck squamous cell carcinoma, MRI=magnetic resonance imaging of the head and neck, PET/CT= 18F-FDG-PET/CT.
*Number of patients upstaged and downstaged based on CXR/MRI vs. PET/CT.
**Based on upfront imaging, but subsequently histologically verified as HNSCC.
Adapted with permission from Journal of Nuclear Medicine [15].

Table 4
Distribution of treatment intent according to initial primary tumor site, as
decided by the multidisciplinary team conference for 110 patients with re-
current head and neck squamous cell carcinoma (HNSCC) and based on either
chest X-ray+MRI of the head and neck (CXR/MRI) or 18F-FDG-PET/CT (PET/
CT).

Treatment intent of recurrent HNSCC (n= 110) CXR/MRI PET/CT

Curative 87 (79%) 52 (47%)
Oral cavity (n= 17) 14 (82%) 11 (65%)
Pharynx (n= 56) 42 (75%) 20 (36%)
Larynx (n= 37) 31 (84%) 21 (57%)

Palliative 23 (21%) 58 (53%)
Oral cavity (n= 17) 3 (18%) 6 (35%)
Pharynx (n= 56) 14 (25%) 36 (64%)
Larynx (n= 37) 6 (16%) 16 (43%)

Table 5
Distribution of treatment intent according to treatment modality, as decided by
the multidisciplinary team conference for 110 patients with recurrent head and
neck squamous cell carcinoma (HNSCC) and based on either chest X-ray+MRI
of the head and neck (CXR/MRI) or 18F-FDG-PET/CT (PET/CT) (PET/CT).

Treatment intent of recurrent HNSCC (n= 110) CXR/MRI PET/CT

Curative* 87 (79%) 52 (47%)

• Surgery 58 (53%) 39 (35%)

• Radiotherapy (primary and postoperative) 13 (12%) 7 (6%)

• Chemotherapy 6 (5%) 5 (5%)

Palliative 23 (21%) 58 (53%)

• Surgery 0 (0%) 1 (1%)

• Radiotherapy 0 (0%) 3 (3%)

• Chemotherapy 16 (15%) 45 (41%)

• Best supportive care 7 (6%) 9 (8%)

* Each patient could receive none, one or several treatment modalities.

Table 6
The net reclassification index (NRI) of the multidisciplinary team conference
conclusion for 18F-FDG-PET/CT (PET/CT) compared with chest X-ray+MRI of
the head and neck (CXR/MRI) with cancer-specific mortality as endpoint.

PET/CT treatment intent

CXR/MRI
treatment
intent

Number of patients Reclassified (%)

Curative Palliative Palliation Curation Net correctly
classified

Patients alive (n=47)
Curative 44 2 2 (4.3%) 0 (0%) −4.3%
Palliative 0 1

Patients died (n=63)
Curative 7 34 34 (54.0%) 1 (1.6%) 52.4%
Palliative 1 21
NRI (95%

CI)
48.1%
(29.4–66.8%)

p-value <0.001
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HNSCC (∼6%) [19], we have previously demonstrated that upfront
PET/CT significantly impacts MDTC decisions in the primary setting
(∼8%) [8]. In line with our results, existing literature has reported
metastatic rates of up to 32% in patients with recurrent HNSCC [20,21].
Accordingly, it seems rational that PET/CT may also influence man-
agement decisions in recurrent HNSCC. Our results show that PET/CT-
based staging differed significantly compared with CXR/MRI, particu-
larly due to undetected distant spread. Further, the majority of patients
with PET/CT-detected distant metastases, not appreciable with CXR/
MRI, were upstaged from locally advanced disease based on CXR/MRI.

A retrospective study by Paidpally et al. [22] showed that PET/CT
may bring additional value to routine clinical assessment of disease
relapse in cases with clinical suspicion or uncertainty. The investigators
also found that PET/CT may serve as a prognostic marker of overall
survival. Kostakoglu et al. [23] retrospectively investigated how PET/
CT versus neck-CT affected management decisions in recurrent HNSCC.
The study included 99 patients who were followed after HNSCC treat-
ment. Relapse occurred in 19 patients. PET/CT altered the management
decision in 6/19 (32%) compared with neck-CT. Of note, 4/19 (21%)
patients with verified distant site recurrences detected by PET/CT were
excluded from the analysis, since these sites could not possibly be de-
tected by neck-CT. Although this latter study was small and only dealt
with loco-regional recurrences, it showed obvious differences favoring
PET/CT.

Our direct comparison of treatment decisions based on PET/CT
versus CXR/MRI allowed us to assess the relative impact of each ima-
ging strategy on patient management. This has not previously been
done in studies investigating recurrent HNSCC. Furthermore, we de-
monstrated for the first time that PET/CT pushes MDTC decisions to-
wards more proper selection of appropriate treatments when compared
with imaging strategies recommended by current European and
American guidelines [9,11]. Conclusively, PET/CT may ensure suc-
cessful management for a larger share of patients with recurrent
HNSCC.

Strengths and limitations

Pros and cons of a paired study design versus a randomized con-
trolled design for diagnostic studies have been well described [24–27].
Our study is a level 4 (therapeutic efficacy) study according to the six-
tiered model of Fryback and Thornbury [28]. We chose a paired design
for several reasons: A paired data design excludes the risk of con-
founding and the need for stratification and further allows early un-
blinding of results at the individual level. In our paired, prospective
design, each patient acted as her/his own control. Patients were con-
secutively included over a 2.5-year period. Other strengths included
upfront imaging (i.e., prior to biopsy and histological evaluation) with
state-of-the-art technology on the same day. Moreover, all interpreta-
tions were done by experienced experts blinded to the results of the
complementary imaging strategy.

The study was performed at a single institution which may limit its
generalizability to some degree. It was conducted in agreement with the
Danish head and neck fast-track program including MDTCs which has
been running successfully for more than ten years [12]. This program
ensures uniform workup of all patients with suspected HNSCC, in-
cluding pre-booked slots for all diagnostic and treatment elements (i.e.,
clinical examination, imaging, surgery, radiotherapy, etc.). This pro-
vides an unusually standardized platform for comparisons of this type,
potentially assuring greater transfer of such evidence from one to sev-
eral centers. To some, it may seem unfair to compare a regional radi-
ological modality with a whole-body examination like PET/CT. In ad-
dition, since most of the patients with metastatic spread had
dissemination to the thoracic region, a comparison with chest-CT vs.
PET/CT would have been preferable, rather than CXR vs. PET/CT.
However, the purpose of our study was to compare PET/CT with con-
temporary clinical imaging strategies used in most European head and

neck cancer centers.
A generally accepted definition of a HNSCC recurrence does not

exist, other than reappearance of cancer disease after definitive treat-
ment [29]. Distinction between a new primary carcinoma from a re-
currence is therefore difficult. Furthermore, distinction of residual
disease from recurrence is not clearly defined either.

We included patients with a minimum four-month disease-free in-
terval from primary treatment, and arbitrarily defined primary site
recurrences as squamous cell carcinoma occurring at the primary site
and same anatomical site (i.e., oral cavity, pharynx or larynx) within
five years.

Finally, the appropriateness of using disease-specific death as the
event type in our NRI analysis may be discussed. We believe that an
endpoint related to mortality was both clinically relevant and feasible
due to ease of its recovery from registries. A death endpoint also re-
quires less or no assessment of validity. However, the NRI statistic in a
setting like ours depends on the occurrence of death within a specific
timeframe. This does not necessarily prove that a PET/CT-based MDTC
decision of curative therapy for a patient who was alive when events
were captured was the correct conclusion, only that the patient sur-
vived to the end of follow-up and accordingly, was more likely to have
disease of an extent that would be compatible with receipt of curative
therapy.

Conclusions

PET/CT significantly affected MDTC decisions in patients with re-
current HNSCC towards fewer curatively intended, and more palliative,
treatments. The value of PET/CT appeared strongly related to detection
of distant metastases that were not appreciable with CXR/MRI.
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