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Abstract
Purpose In patients with newly diagnosed head and neck
squamous cell carcinoma (HNSCC), we wanted to examine
the differences in overall treatment decisions, i.e. curative ver-
sus palliative treatment intent, reached by a multidisciplinary
team conference (MDTC) based on 18F–fluoro-deoxy-glu-
cose-positron emission tomography/computed tomography
(PET/CT) or chest X-ray + MRI of the head and neck
(CXR/MRI).
Patients and methods This was a prospective blinded cohort
study based on paired data. Consecutive patients with histo-
logically verified primary HNSCC were invited to participate.
All included patients underwent CXR/MRI and PET/CT

before diagnostic biopsy. An ordinary MDTC using all avail-
able imaging was conducted as per standard practice. After at
least 3 months (to eliminate recall bias in the team), the first
project MDTC was conducted, based on either CXR/MRI or
PET/CT, and the tumor board drew conclusions regarding
treatment. After an additional 3 months, a second project
MDTC was conducted using the complementary imaging
modality.
Results A total of 307 patients were included. Based on CXR/
MRI, 303 patients (99%) were recommended for curative
treatment and only four patients (1%) for palliative treatment.
Based on PET/CT, the MDTC concluded that 278 (91%) pa-
tients were suitable for curative treatment and 29 (9%) patients
for palliative treatment. The absolute difference of 8% was
statistically significant (95% CI: 4.8%–11.5%, p < 0.001).
Conclusions A PET/CT-based imaging strategy significantly
changed the decisions regarding treatment intent made by a
MDTC for patients diagnosed with HNSCC, when compared
with the standard imaging strategy of CXR/MRI.

Keywords HNSCC .MDTC palliation . Patient
management . Pet/ct . Treatment plan

Introduction

18F–fluoro-deoxy-glucose-positron emission tomography/
computed tomography scan (PET/CT) has shown promising
results for diagnosis and staging of head and neck squamous
cell carcinoma (HNSCC) when compared with standard im-
aging modalities, i.e. magnetic resonance imaging of the head
and neck including chest X-ray (CXR/MRI) [1–4]. In addition
to its possible superiority in detecting distant metastasis, PET/
CT may also improve detection of synchronous cancers
[5–10]. Still, the European guidelines from the European
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Head & Neck Society and the European Society for Medical
Oncology recommend a standard clinical imaging strategy
with CXR/MRI for evaluating patients with primary
HNSCC, and consideration of chest computed tomography
to rule out distant metastasis and synchronous cancer.
PET/CT is only recommended for evaluating patients with
malignant cervical adenopathy from an unknown primary
tumor [11]. Appropriate diagnostic imaging allows better
decision making with respect to the optimal treatment
strategy, including treatment intent (i.e. curative versus pal-
liation), subsequent detailed tumor description for optimal
choice of treatment modality (surgery, radiotherapy, che-
motherapy), and “intra-modality” planning (definitive plan-
ning) such as radiation treatment volumes, extent of sur-
gical resection and neck dissection.Studies have demon-
strated that the use of PET/CT modifies the treatment
approach in 14–31% of head and neck cancer patients
[2, 4, 12–21]. However, most of these studies were based
on PET alone, not PET/CT. Furthermore, the additive im-
pact of PET or PET/CT to CXR/MRI was investigated,
but a head-to-head comparison of PET/CT versus CXR/
MRI was not performed. Lastly, the main consideration in
patient management, namely treatment intent, was not the
primary objective. From a patient’s point of view, treat-
ment intent remains the most important factor. Appropriate
patient treatment is also a central element in ensuring cost-
effective use of health care resources. The objectives of
the current study were to examine the overall treatment
conclusion, i.e. curative versus palliative treatment intent,
reached by the multidisciplinary team conference (MDTC)
based on either an imaging strategy with PET/CT or CXR/
MRI of patients diagnosed with HNSCC.

Methods

A prospective, blinded cohort study based on paired data
was performed according to the BStrengthening the
Reporting of OBservational studies in Epidemiology^
(STROBE) statement [22].

Setting and participants

The study design, setting, and methods have been described
previously [23]. Consecutive patients referred to the Head and
Neck Cancer Center, Odense University Hospital, from 1st
September 2013 to 29th February 2016 for suspected
HNSCC, were invited to participate in the study. Exclusion
criteria were allergy or intolerance to iodine contrast medium,
treatment with high doses of systemic steroids (>50 mg/day),
reduced kidney function (defined as increased S-creatinine or
diagnosed kidney disease) or considered unable to

cooperate.Patients who accepted participation underwent
CXR/MRI and PET/CT on the same day and prior to
biopsy, i.e. upfront, to improve the quality of staging
and diagnostic interpretation. Acquiring imaging before
biopsy is the standard procedure in the Danish head and
neck cancer fast-track program. The final study popula-
tion comprised patients with histologically verified
HNSCC, and their data were used for detailed analysis
to compare the overall treatment conclusion reached by
the MDTC based on either PET/CT or CXR/MRI.

The multidisciplinary team conference

MDTC was a collaborative effort among the Departments of
ORL (Head & Neck Surgery), Plastic Surgery, Oncology,
Nuclear Medicine, and Radiology, who were all represented
by experienced specialists participating inMDTC conferences
as part of their daily clinical practice. Pathologists and neuro-
surgeons were available, but did not routinely participate in
the MDTC.

All patients participated in an ordinary MDTC that in-
cluded all available imaging, to ensure that patients had full
benefit of the examinations performed as part of their pri-
mary workup for 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 (100–120 days). The delay was introduced to elim-
inate recall bias in the tumor board of evaluators. After at
least three more months (100–120 days), a second project
MDTC was carried out with access to the complementary
imaging modality only. All patients were thus evaluated
twice in a blinded standard setup, in which the only differ-
ence was the available imaging modality and the corre-
sponding imaging team.

The PET/CT imaging team included nuclear medicine
specialists and radiologists, while the CXR/MRI team
consisted of radiologists only. All experienced chief phy-
sicians. The individual imaging team member was allocat-
ed to only one team, and no overlap or interchange be-
tween teams was allowed. Project MDTC sessions were
held once a week and included approximately 15 patients
each time. 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 ses-
sion, the pre-diagnostic patient history was briefly pre-
sented by the author MR (who was not a member of the
tumor board), and the patient’s scans were evaluated and
discussed. All imaging studies were evaluated by the tu-
mor board, and registration forms comprising variables
about treatment strategy, intent, and modality were com-
pleted and filed in separate, sealed envelopes.
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Imaging techniques

PET/CT data were acquired on a hybrid PET/CT scanner (GE
Discovery 690, 710, VCT, or RX). After a fasting period of at
least 4 h, 4 MBq/kg of 18F–FDG was injected intravenously.
The PET scan was performed using a standard whole-body
acquisition protocol extending from the vertex to the thigh and
an acquisition time of 2½ min per bed position. The head was
fixed to prevent movement. PET data were reconstructed into
transaxial slices with a matrix size of 128 × 128 (pixel size
5.47 mm) or 256 × 256 (pixel size 2.73 mm), depending on
the scanner type. Images from all four PET/CT systems had a
slice thickness of 3.27 mm, and reconstruction was done by
iterative 3D OS-EM.

Multislice, diagnostic quality CT scan with intravenous
contrast medium (Ultravist® 370 mg/mL) was acquired after
the PET scan. The CT scan was obtained with continuous
shallow breathing. Data were reconstructed with a standard
filter into transaxial slices with a field of view of 50 cm, matrix
size of 512 × 512 (pixel size 0.98mm), and a slice thickness of
3.75 mm. The scan field of view was 70 cm for both PET and
CT scans. Analysis of PET/CTwas done on a GE Advantage
Workstation v. 4.4 or 4.3 or GE AW Server v 3.1 or 3.2. MRI
was performed on Philips Achieva, Achieva dStream or
Ingenia 1.5 T (Philips Medical Systems, Best, Netherlands)
hardware using 20 channel (dStream) head-neck coil. The
exam protocol was kept unchanged for the duration of the
study and consisted of STIR, TSE-T2 and -T1 with and with-
out contrast enhancement, in axial or coronal planes with cov-
erage from skull base to aortic arch using 5 mm slices.

Diffusion weighted imaging with spectral fat saturation and
apparent diffusion coefficient-maps derived from b-values 0
and 1000 mm2/s were done in axial 6 mm slices. Images were
read on a GE Centricity RA1000 PACS workstation. The ac-
quisition parameters of the MRI sequences are displayed in
Supplemental Table 1.

CXR was performed to departmental standards in full in-
spiration anteroposterior and lateral projections with 130–
145 kVand automatic exposure control. FD-X hardware sys-
tems (Siemens Healthineers, Erlangen, Germany) were used,
and studies were read using GE Centricity RA1000 PACS
workstation with dual 3MP medical grade monitors.

Image interpretation

Interpretation of primary tumors was based on anatomic pat-
tern recognition, including morphologic changes, altered sig-
nal intensity, contrast enhancement, and changes in diffusivi-
ty, and metabolic information on FDG avidity for PET.
Malignant lesions were suspected when deemed more proba-
ble than benign lesions.

Characteristics considered for lymph nodes were enlarge-
ment, shape (round or not), hilum (fatty/non-fatty), necrosis, cen-
ter (dense or not), topography of node distribution, and FDG
avidity for PET. A fixed threshold of standard uptake value
was not used to determinewhether a lesion wasmalignant or not.

Lung lesions were considered distant metastases if one or
more FDG avid nodules were present on PET and CT, respec-
tively. Small subpleural nodules (especially when calcified) were

Fig. 1 Diagram of the multidisciplinary team conferences. HNSCC = Head and neck squamous cell carcinoma, MRI = Magnetic resonance imaging,
MDTC = Multidisciplinary team conferences, PET/CT = 18F–fluoro-deoxy-glucose-positron emission tomography/computed tomography
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not consideredmetastases on CTunless multiple were present, or
FDG-avid on PET. Distant metastases were suspected on CXR,
when opacification was not consistent with infectious pattern.
Lung lesions in the field of view of the MRI was considered
suspicious, when the configuration was nodulary and/or
spiculary and not consistent with infectious pattern.

For PET, bone lesions were regarded metastases, when
FDG-avid osteolytic (or osteosclerotic) lesions were present.
Significantly increased FDG uptake in the bone marrow even
without the lytic or sclerotic changes were also regarded me-
tastases. Lesions close to the joints were rarely considered
metastases. Regarding MRI, focal signal changes on T2,
STIR and presence of enhancement was observed, but as these
may vary, only lesions appearing with low signal of T1 were
considered suspicious for metastasis.

For PET, liver metastases and malignant pleural effusion
were suspected only in lesions with significantly increased
FDG uptake as compared to the surroundings. Muscle metas-
tases were suspected in patients with randomly distributed
focal areas of increased FDG uptake in the muscles and cor-
responding morphological changes. Longitudinal muscular
FDG uptake was considered to be physiological.

Synchronous cancers were suspected if tumors were pres-
ent in organs, atypical of nesting metastases. Other parameters
were also weighted, for instance the size and the FDG inten-
sity (i.e. for PET) of the primary compared to the suspected
synchronous tumor. Likewise, the pattern of spread and pos-
sible gaps between lymph node stations were taken into con-
sideration. Regarding lung lesions, the presence of spicules
and hilar lymph nodes by CT, helped determine whether
representing a metastasis or a synchronous cancer.

Outcomes

The primary endpoint was change of treatment intent (i.e.
curative versus palliative) decided by the tumor board, based
on either PET/CTor CXR/MRI. All-cause mortality was con-
sidered as event for the net reclassification improvement
(NRI) (see Statistics section). Mortality was assessed through
linkage to the Danish Cause of Death register at least 6 months
(August 31, 2016) after termination of inclusion.

Statistics

Continuous variables are presented as means and standard
deviations (normally distributed variables) or medians and
ranges. Categorical variables are presented as counts and cor-
responding percentages.

We made a head-to-head comparison 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. The sample size was based on the assump-
tions that (a) 7% of patients are assigned to curative treatment
according to SCI, but to palliative treatment based on PET/CT
and (b) 2% of patients are assigned to curative treatment by
PET/CT, but palliative treatment by CXR/MRI. Then, with a
type I error probability of 5% and a power of 80%, 281 pa-
tients were sufficient to indicate a statistically significant dif-
ference. Assuming a drop-out rate of 10%, 312 patients were
to be included.

Moreover, the ability of PET/CT to improve the MDTC
decision regarding treatment intent, in terms of survival, was
tested using NRI [24, 25]. NRI quantifies the improvement in
risk prediction offered by a new model (as compared to an
older one) by assessing the ability of the new model to reclas-
sify subjects (i.e., into a higher or lower risk category) either
appropriately or inappropriately. NRI is a somewhat novel
statistical method of risk prediction that has attracted exten-
sive interest in recent years. C-statistics, such as area under the
curve (AUC), have been the standard metric for quantifying
improvements for several decades, but can lack clinical rele-
vance and be difficult to interpret, particularly in the case of
small magnitude changes [26]. Two-sided P-values below
0.05 were considered statistically significant.

All analyses were performed with Stata/IC 14 (StataCorp
LP, College Station, TX, USA).

Ethics and disclosures

The study was conducted in accordance with good clinical
practice and the Declaration of Helsinki. Permission was
granted from the local ethics committee (Project ID:
S_20120217), and informed consent was obtained from all
included patients. The project was implemented without the
involvement of private organizations or companies.

Results

Of 1109 patients referred to our institution during the study
period, 307 were histologically verified with primary HNSCC
and participated in the study, i.e. 227 (74%)men and 80 (26%)
women with a median age of 64 years (range 22–89)
(Table 1). A flowchart of patient inclusion is shown in
Fig. 2. The most frequent primary tumor site was the oral
cavity (48%) followed by pharynx (34%) and larynx (18%).
The median follow-up time was 461 days (range 21 to
1092 days, interquartile range 271 days–722 days).
Localization of verified distant metastasis and the synchro-
nous cancers found in the 307 HNSCC patients is listed in
Supplemental Tables 2 and 3. Furthermore, Supplemental
Table 4 displays the applied reference standard for verification
of distant metastasis and synchronous cancers.
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MDTC decisions

Based on CXR/MRI, the MDTC concluded that 303 (99%)
patients were suitable for curative treatment, and only four
(1%) patients should have palliative treatment. Based on

PET/CT, theMDTC concluded that 278 (91%) patients should
be treated with curative intent, and 29 (9%) patients should
receive palliative treatment (Tables 2 and 3). The absolute
difference in treatment intent of 8% was statistically signifi-
cant (95% CI: 4.8% – 11.5%, p < 0.001).

Reclassification

NRI analysis showed that PET/CT significantly improved the
ability to determine the appropriate treatment intent compared
to CXR/MRI (NRI = 24.1%, 95% CI: 13.7% to 34.5%,
p < 0.001).

This net reclassification was derived from 17/62 (27.4%)
patients in the event group who, based on PET/CT, were
correctly reclassified from curative to palliative treatment,
and 8/245 (3.3%) patients in the non-event group who were
apparently incorrectly reclassified to palliative treatment
(Table 4).

The factual MDTC decision (based on the full set of imag-
ing for each patient) for the 17 patients who were correctly
reclassified by PET/CT was accessed through review of the
patient journals. This showed that in only 9/17 cases, the pal-
liative treatment intent, based on PET/CT alone, was
delivered.

Fig. 2 Overview of patient
inclusion in the study.
HNSCC = Head and neck
squamous cell carcinoma,
MRI = Magnetic resonance
imaging, PET/CT = 18F–fluoro-
deoxy-glucose-positron emission
tomography/computed
tomography

Table 1 Basic clinical characteristics of head and neck squamous cell
carcinoma patients (n = 307)

Clinical Characterestics Patients %

Age, years

Median (range) 64 (22–89)

Sex

Male/female 227/80 74/26

Tumor site

• Oral cavity 147 48

• Pharynx 103 34

• Larynx 57 18

p16 status

Negative/positive 242/65 79/21

Follow-up

• Days (median) 461

• Range 21–1092
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Discussion

Our results demonstrated that a clinical imaging strategy
based on PET/CT significantly changed the overall MDTC
decision regarding treatment intent when compared with a
strategy with CXR/MRI (p < 0.001) and that these changes,
reflecting survival prognosis, were associated with a signifi-
cant reclassification of patients to palliative treatment
(NRI = 24.1%, p < 0.001). PET/CT thus resulted in more
appropriate decision-making and ensured that more patients
instantly received relevant management in terms of overall
treatment intent, and type and extent of therapeutic
intervention.

The impact of PET/CT on MDTC treatment decisions is
most likely explained by its improved staging accuracy [1, 2,
7] and in particular due to better detection of distant metasta-
sis, which inmost cases leads to a palliative treatment strategy.

To our knowledge, this is the largest prospective study to
assess the impact of PET/CT on patient management in the
diagnostic evaluation of patients with HNSCC. Our study de-
sign comparing MDTC conclusions based on separate imag-
ing modalities allowed us to analyze the relative contribution
of each modality to treatment planning. Whether PET/CT
leads to an overall benefit that is clinically significant is a
complicated discussion. However, it is remarkable that almost
half of the patients in the subgroup, who died and were
reclassified from curative to palliative treatment, actually re-
ceived curatively intended treatment, strengthening the argu-
ment for PET/CTas an effective identifier of high risk patients
who do not benefit from aggressive curative treatment.
Whether those who were apparently incorrectly reclassified
from curative to palliative treatment, were truly incorrectly
reclassified is also challenging to assess, as the reclassification
is strongly correlated with follow-up duration. Under most
circumstances, prolonging the follow-up duration would tend
to increase the NRI as more patients classified as having ad-
vanced disease would have then died. Similarly, if follow-up
was shortened enough, the NRI for PET/CT might even be-
come negative as patients assigned to a higher risk category
would seemingly have been incorrectly classified, since none
of them would have died.

The additive effect of PET/CT to CXR/MRI has not been
examined head-to-head before. Previous studies have investi-
gated the influence of PET/CT on management decisions [2,
12–20, 27], but various methodological issues arise such as
study design (some were retrospective studies), use of differ-
ent imaging technologies (i.e. PET alone vs. PET/CT), vari-
able use of blinding, and differing reference standards. In ad-
dition, these studies often had significant time delays between
the imagingmodalities being compared.However, recent well-
conducted studies performed by Ryu et al. [21] and Cacicedo
et al. [4] show results that are more comparable to ours. Both
studies investigated the addition of PET/CT (after histopathol-
ogy) to standard clinical imaging. The studies reported that
PET/CT altered patient management with high impact (i.e.
change in treatment intent and/or treatment modality) in
4.8% and 16.6% of the patients, respectively. Still, no direct
comparison with standard imaging was performed.Our results
demonstrate that a PET/CT-based imaging strategy may con-
tribute to a more individualized patient treatment, when com-
pared with the standard strategy recommended by the contem-
porary European clinical practice guidelines [11]. Knowledge
about extent of disease and the related prognosis is valuable to
patients with metastatic HNSCC, and PET/CTcan also inform
decisions about treatment modality and intensity for patients
receiving radical treatment. We suggest that clinicians and
policy-makers consider to include PET/CT much earlier in
the work-up of HNSCC patients, not only because this ensures
better treatment triage, but also because PET/CT has been
demonstrated to be cost-effective in a number of cancers

Table 3 Distribution of treatment intent according to treatment
modality, as decided by the multidisciplinary team conference for 307
patients with head and neck squamous cell carcinoma (HNSCC) and
based on either chest X-ray + MRI of the head and neck (CXR/MRI) or
18F–fluoro-deoxy-glucose-positron emission tomography/computed
tomography (PET/CT)

Treatment intent of HNSCC patients (n = 307) CXR/MRI PET/CT

Curative* 303 (99%) 278 (91%)

• Surgery 144 (47%) 139 (45%)

• Radiotherapy (primary and postoperative) 181 (59%) 167 (54%)

• Chemotherapy 62 (20%) 68 (22%)

Palliative* 4 (1%) 29 (9%)

• Surgery 0 (0%) 1 (0%)

• Radiotherapy 2 (1%) 12 (4%)

• Chemotherapy 2 (1%) 18 (6%)

• Best supportive care 0 (0%) 2 (1%)

*Each patient could receive one or more treatment modalities

Table 2 Distribution of treatment intent according to primary tumor
site, as decided by the multidisciplinary team conference for 307 patients
with head and neck squamous cell carcinoma (HNSCC) and based on
either chest X-ray + MRI of the head and neck (CXR/MRI) or 18F–
fluoro-deoxy-glucose-positron emission tomography/computed
tomography (PET/CT)

Treatment intent of HNSCC patients (n = 307) CXR/MRI PET/CT

Curative 303 (99%) 278 (91%)

Oral cavity (n = 147) 145 (99%) 135 (92%)

Pharynx (n = 103) 101 (98%) 87 (84%)

Larynx (n = 57) 57 (100%) 56 (98%)

Palliative 4 (1%) 29 (9%)

Oral cavity (n = 147) 2 (1%) 12 (8%)

Pharynx (n = 103) 2 (2%) 16 (16%)

Larynx (n = 57) 0 (0%) 1 (2%)
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[28]. PET/CT seems better suited to sustain treatment intent
than CXR/MRI. It has the potential to become the single im-
aging modality in patients with HNSCC, although further
head-to-head comparisons of PET/CT with CXR/MRI are
needed first.

Methodological considerations

The strengths of our study include its prospective design, con-
secutive data collection in patients over a 2.5-year period
where each patient acted as their own control with respect to
imaging modality, the absence of delay between PET/
CT and CXR/MRI (both performed on the same day),
the state-of-the-art technology used for all imaging stud-
ies, and that all scans were read by experienced
experts.The strengths and validity of paired diagnostic
studies versus randomized (controlled) studies have been
well described [29–32]. In a paired data design, the risk
of confounding is eliminated along with the derived
need for stratification analysis. Other advantages of a
paired design involve the dependence of the sample size
on the agreement rate between the modalities, multiple
aims of diagnostic accuracy studies, and the possibility
of early unblinding of results at the individual level. For
this reason, we deliberately chose a paired data design
rather than a randomized one.

Limitations of our study were that it was performed at a
single institution, which restricts the generalizability of the
results, and that our study population was overrepresented
by patients with oral cavity cancer. This occurred because
patients suspected of oral cavity cancers were referred to us
from the entire Region of Southern Denmark, whereas laryn-
geal and pharyngeal cancer patients were referred only from
the region of Funen, which accounts for a little less than half
of the region’s population.

Comparing PET/CT, a whole-body scan, with regional ra-
diologic imaging modalities, may also seem unfair. However,

the aim of this study was to compare with the contemporary
European clinical imaging strategy, which is employed in
most head and neck cancer centers.

For all patients included in this study, the factual treatment
was decided based on the full set of imaging. Hypothetically,
if the 17 patients who were apparently correctly reclassified
from curative to palliative treatment by PET/CT did not have
advanced disease (i.e., false positive), and incorrectly received
palliative treatment, they might have died of progression due
to improper treatment, rendering the reclassification correct
(self-fulfilling).

Lastly, disease-specific mortality would have been prefer-
able as the clinical endpoint rather than all-cause mortality, but
these data were not available. However, given the relatively
short follow-up, we would expect the cause of death for most
of these patients to be cancer-specific. Thus, it is not very
likely that the use of cancer-specific mortality would have
changed our results to a significant extent.

Conclusions

A PET/CT-based imaging strategy significantly changed the
decisions regarding treatment intent made by a MDTC for
patients diagnosed with HNSCC, when compared with the
standard imaging strategy in current European clinical guide-
lines. Furthermore, the conference decisions based on PET/
CT improved the allocation of patients to palliative treatment
in terms of expected patient survival.
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