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Abstract: Background. The aim of this study was to deter-

mine prospectively the incremental value of positron emission to-

mography/computed tomography (PET/CT) over conventional

assessment (clinical examination and CT/MRI imaging).

Methods. All patients undergoing 18F-fluorodeoxyglucose

(FDG)-PET/CT for primary head and neck mucosal squamous

cell carcinoma between January 2002 and December 2003 (in-

clusive) were included in this study provided they had under-

gone contemporaneous conventional assessment of the head

and neck region and had 12 months minimum follow-up.

Results. Seventy-six patients underwent 100 PET/CT scans.

The majority of patients (74%) were treated with definitive (chemo)-

radiotherapy. Median follow-up time was 28 months. PET/CT led to

a TNM classification alteration in 34% (12/35), a change in radio-

therapy planning technique and/or dose in 29% (10/35), and

altered treatment response assessment in 43% (13/30). A complete

metabolic response was predictive of overall survival (p¼ .037).

Conclusion. Our results support incorporation of PET/CT into

the management paradigm of head and neck mucosal squa-

mous cell carcinoma. VVC 2007 Wiley Periodicals, Inc. Head

Neck 29: 986–995, 2007

Keywords: PET; CT-PET; head and neck; squamous cell

carcinoma

Positron emission tomography (PET) with the
glucose analogue, 18F-fluorodeoxyglucose (FDG),
is a valuable tool with a rapidly expanding role in
general oncology.1–10 Our group and others have
published on the utility of PET in head and neck
mucosal squamous cell carcinoma (HNSCC).11–18

FDG-PET is an excellent functional imaging
modality but has inherent anatomical limitations.
The development of single-unit PET/CT scanners
has addressed this limitation. In general oncology,
PET/CT has been shown to significantly reduce
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the number of equivocal interpretations and
improve diagnostic accuracy of lesion localization
when compared with PET alone or PET and ana-
tomical imaging performed independently. In
head and neck cancer, PET/CT has also been
shown to have improved diagnostic performance
over PETalone.19–22

This study was designed when the first dedi-
cated PET/CT scanner began clinical operation at
Peter MacCallum Cancer Centre (PMCC) in
January 2002. The aim of the study was to pro-
spectively determine the incremental value of a
PET/CT scan over standard assessment (clinical
examination and CT/MRI imaging), in 3 clinical
scenarios: staging, posttreatment assessment of
response, and ongoing follow-up of HNSCC.

MATERIALS AND METHODS

Eligibility. All patients undergoing FDG-PET/
CT for primary HNSCC between January 2002
and December 2003 (inclusive) were included in
this study provided they had undergone contem-
poraneous conventional assessment of the head
and neck region at PMCC and had aminimum fol-
low-up of 12 months after the PET/CT scan.
Patients with nasopharyngeal cancer were ex-
cluded because the natural history, therapeutic
responsiveness, and treatment strategies are con-
siderably different from SCC of the head and
neck.

The study protocol was approved by the PMCC
institutional ethics committee, andwritten informed
consent was obtained from all participants.

Conventional Assessment. All patients under-
went clinical assessment by a surgeon and/or radi-
ation oncologist experienced in the management
of head and neck cancer. This included history,
physical examination, and fiberoptic endoscopy
(where relevant). Ninety-three percent (93/100) of
PET/CT scans were performed in association with
conventional radiologic assessment with either a
CT or MRI of the head and neck region. In each
patient, the conventional assessment (prospec-
tively determined prior to PET/CT) was based on
all available clinical and radiological data.

PET/CT Protocol. Each patient underwent a
combined PET/CT scan incorporating the neck,
thorax, abdomen, and pelvis using an integrated
PET/CT scanner (Discovery LS, GE Medical Sys-
tems,Milwaukee,WI).

As this study evaluated the incremental rather
than the independent value of PET/CT, the results
were read, as in routine clinical practice, in con-
cert with all available information at the time of
evaluation including prior CTorMRI results.

The PET/CT scans were grouped into 3 clinical
categories:

1. Those performed to assist in decision making
regarding the definitive treatment for initial
disease (Staging PET/CT).

2. Those performed following definitive treat-
ment to assess for response (Response Assess-
ment PET/CT)

3. Those performed after definitive treatment
either for suspected recurrence or ongoing
surveillance (Follow-up PET/CT).

In the posttreatment setting, the accuracy of
PET/CT in detecting locoregional diseasewas deter-
mined by cytology/histology and/or clinical and
radiologic follow-up. A true positive was assigned if
disease was confirmed within 3months; a false pos-
itive, if there was no confirmation at the site within
3months. A true negativewas assigned if therewas
no clinical/radiologic progression within 12 months
or if a pathologically negative resection specimen
was obtained; a false negative, if disease was con-
firmedwithin 12months.

Clinical Impact of PET/CT. A requirement of the
PET/CTclinical request formwas prospective docu-
mentation of the patient’s TNM classification and
the intended management plan. The request form,
shown in the Appendix, also captured the details of
treatment intent and treatmentmodality.

For those patients undergoing Staging PET/CT,
the anticipated radiotherapy (RT) dose and treat-
ment technique were documented prospectively. In
cases in which this was not clearly stated, then the
pre-PET/CT treatment plan was deemed to have
been according to standard protocols in our unit.

The post- PET/CT TNM classification, treat-
ment intent, treatment modality, and RT tech-
nique and dose (for Staging PET/CT patients)
were obtained by review of the patient’s case his-
tory and RT planning documentation.

Clinical impact was considered ‘‘high’’ if PET/CT
changed the treatment modality, ‘‘medium’’ if treat-
ment modality was unchanged but RT planning
technique or dose was altered, and ‘‘low’’ if there was
no change in treatmentmodality or intent.

Statistical Methods. All eligible patients were
included in the statistical analyses. A study close-
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out date of February 16, 2005, was chosen for the
time-to-event analyses with survival times of liv-
ing patients censored at this date.

The baseline characteristics were summarized
using descriptive statistics. The Kaplan–Meier
method was used to estimate overall survival
from date of pathologic diagnosis. The median fol-
low-up time was estimated using the reverse
Kaplan–Meier method.

The percentages of patients having a change in
treatment intent and/or modality, and a change in
RT technique and/or dose, were calculated together
with the 95% confidence intervals (CIs). The per-
centage of patients having a change in response
assessment was calculated together with the 95%
CI. Accuracy was assessed by computing the num-
ber of false-positive and false-negative cases.

The Kaplan–Meier method was used to esti-
mate overall and disease-free survival from date
of pathologic diagnosis, and the difference

between those patients with and without a com-
plete metabolic response was tested using the
Mantel–Cox log rank test.

Statistical analyses were performed using
S-plus 2000 Professional (MathSoft, Seattle, WA,
1999) and StatXact 6.0 (Cytel Software Corpora-
tion, Cambridge, MA, 2003) software.

RESULTS

Seventy-six patients were eligible for inclusion
and underwent a total of 100 PET/CT scans. The
median follow-up time from date of pathologic di-
agnosis was 28 months (95% CI, 27–33 months).
Two patients were lost to follow-up 836 and 845
days after diagnosis. The median age at diagnosis
was 59 years (range, 21–83 years), and 70% (53/
76) weremale. The overall survival for all patients
was 81% at 2 years (95%CI, 70% to 88%).

Disease and treatment characteristics are
summarized in Table 1.

Staging PET/CT. Thirty-five patients underwent
a staging PET/CT scan. All were conventionally
assessed with CT (34/35) and/orMRI (8/35) as well
as clinical examination.

Staging Changes Resulting from PET/CT. Twelve (12/35)
patients (34%) had a change in TNM classifica-
tion as a result of PET/CT (95% CI 19% to 52%).
Two patients had disease downstaged from N2c to
N1 and N2c to N2b. Ten patients had disease
upstaged: 1 in T classification (T0 to T1), 8 in N
classification (4 from N2b to N2c, 2 from N2a to
N2b, and 1 each N0 to N2c, N1 to N2b), and 1 in M
classification (M0 toM1).

Clinical Impact. Staging PET/CT had high impact
in 4/35 patients (11%) and medium impact in 10/
35 patients (29%). The alterations in RT planning
techniques and/or dose as a result of staging PET/
CTare summarized in Table 2. Figure 1 depicts an
example in which nodal upstaging by PET/CT
resulted in a change in RT technique.

Table 1. Disease and treatment characteristics at

initial presentation.

Patient characteristic No. (%)

Stage at presentation

I 8 (11)

II 7 (9)

III 15 (20)

IV 45 (59)

Unknown* 1 (1)

Primary tumor site

Oropharynx 40 (53)

Larynx 19 (25)

Oral cavity 9 (12)

Hypopharynx 4 (5)

Nasal cavity 1 (1)

Unknown primary 3 (4)

Management of initial disease

Definitive (chemo)radiation 56 (74)

Surgery alone 9 (12)

Surgery and postop (chemo)radiation 8 (11)

Induction chemo ? chemoradiation 1 (1)

Palliative radiotherapy 2 (3)

*Patient presented with recurrent disease 10 years after initial diagno-
sis—initial staging was not determinable.

Table 2. Impact of staging PET/CT on radiotherapy technique/dose.

Incremental effect of PET/CT Change in radiotherapy dose/technique No. of patients

Nodal upstaging Conformal parotid-sparing ? parallel-opposed fields 1

Contralateral nodes excluded Parallel-opposed ? conformal unilateral technique 1

Nodal or primary upstaging Increase in high-dose volume (receiving 60–70 Gy) 7

Nodal downstaging Reduction in volume receiving 66 Gy 1
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Accuracy. Assessment of the accuracy of staging
PET/CT for locoregional disease in our cohort was
not possible asmost patients received definitive RT
or chemoradiation (30/35) and histopathologic
confirmation of the PET result was not commonly
obtained (including the patient upstaged from T0
to T1 where attempt at biopsy proved difficult and
was unsuccessful). RT plans were altered on the
basis of staging PET/CTand there is nomechanism
for determining the accuracy of those alterations.

Response Assessment PET/CT. Thirty patients
underwent a PET/CT to assess response to treat-
ment. Ninety-three percent (28/30) underwent
conventional radiologic assessment (within a me-
dian 3 days of PET/CT). The other 2 patients, both
with T3 N2b oropharyngeal SCC, were conven-
tionally assessed by clinical examination alone.

All patients had RT as part of their treatment,
28/30 (93%) had definitive and 2/30 (7%) postopera-
tive RT. PET/CTwas performed at amedian time of
3.2months posttreatment (range, 1.4–6.4months).

Changes in Response Assessment Resulting from PET/

CT. Overall, response assessment PET/CT al-
tered the assessment of locoregional response in
13/30 patients (43%; 95%CI, 25% to 63%).

At the primary site, 8/30 (27%) had altered
response assessment on PET/CT versus conven-
tional assessment alone. Six patients had a partial

response (PR) on conventional assessment but
complete metabolic response on PET/CT, and all
of these were true negative (clinical/radiologic
follow-up). The 2 patients who had a complete
response (CR) on conventional assessment but
only a partial metabolic response on PET/CTwere
both false positive (biopsy proven).

At nodal sites, there were 10/30 patients (33%)
who had altered response assessment on PET/CT
versus conventional assessment alone. Eight
patients had a PR on conventional assessment but
a complete metabolic response on PET/CT. All of
these were true negative (1 pathologically proven
and 7 on failure of progression). An example of 1 of
these patients is depicted in Figure 2. One patient
had a CR according to conventional imaging but
partial metabolic response on PET/CT (true posi-
tive). One patientwith aCRon conventional assess-
ment and partial metabolic response on PET/CT
died of unknown cause within 3 months without
documentation of his true neck node status.

Clinical Impact. Impact was high in 11/30 patients
(37%). Seven patients with negative neck scans
were able to avoid unnecessary neck dissections.
Of the remaining 4, one with PET/CT-detected
distant metastatic disease avoided futile salvage
neck dissection, 1 with suspected unresectable re-
sidual neck disease that was non-FDG avid
avoided systemic chemotherapy, 1 with suspected

FIGURE 1. In this patient, conventional staging showed a T4N2b SCC L oropharynx. The R neck level II neck node (arrow) was not

considered suspicious by CT criteria. PET/CT identified uptake at this site, upstaging the disease to N2c. This resulted in an alteration

in technique from a conformal parotid sparing approach to parallel opposed fields.
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residual tonsillar disease (non-FDG avid) avoided
examination under anesthesia and biopsy, and
the final patient underwent earlier salvage sur-
gery for persisting FDG-avid, nasal cavity dis-
ease.

Accuracy. Accuracy was determined either by clin-
ical follow-up and/or pathologic confirmation. All
21/30 scans that were negative for residual locore-
gional disease were true negative (100% negative
predictive value [NPV]). There were 4/30 false
positives at the primary site (43% positive predic-
tive value [PPV]) and 3/30 at nodal sites (50%
PPV). Of the false positives at the primary site, 2
led to a change in response assessment as previ-
ously described. The other 2 were concordant with
conventional assessment of residual disease but
did not progress clinically with ongoing follow-up.
At nodal sites, 1 false positive was a reactive node
in response to a localized infection (resolved clini-
cally with resolution of the infection); the other 2
were both reported as ‘‘suggestive’’ of residual dis-
ease; however, both failed to progress on follow-
up. These false-positive PET/CT scans were per-
formed at 1.3 to 4.3 months posttreatment. There
were no false negatives for locoregional disease.

At distant sites, there was 1/30 false negative
in a patient who developed metastatic lung dis-

ease 10 months after his PET/CT. He did not
undergo conventional imaging of his chest at the
time of PET/CT and remained in locoregional con-
trol at the time of distant relapse.

Survival vs Metabolic Response. Figures 3 and 4 dem-
onstrate the disease-free and overall survival for

FIGURE 3. Kaplan–Meier curves of disease-free survival by

response assessed on PET/CT. Patients with censored times

are shown by tick marks. CMR, complete metabolic response.

FIGURE 2. On the posttreatment CT, there was a residual enlarged cervical node, posterosuperior to L submandibular gland—mea-

suring 12 3 8 mm (arrow). The pre- PET/CT plan was for neck dissection. The PET/CT fails to show any FDG avidity in the area of in-

terest. This patient was therefore observed and remains alive and disease free at last follow-up.
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those patients who had a complete metabolic
response on PET/CT versus those who did not.
There was a significant difference between the 2
groups for both disease-free survival (p ¼ .046)
and overall survival (p¼ .037).

Follow-up PET/CT. Thirty-five follow-up PET/CT
scans were performed in 30 patients at a median
time of 6.6 months post radical treatment (range,
1.6–166 months). Twenty-eight of these were for
suspected recurrent disease and 7 were routine
surveillance scans.

Eighty-six percent of scans (30/35) were per-
formed in association with conventional radiologic
assessment. The remaining 5 cases were conven-
tionally assessed by clinical examination alone.

Clinical Impact. Impact was high from 12/35 scans
(34%). Three patients were able to avoid examina-
tion under anesthesia and biopsy of the primary
site. Four patients avoided salvage surgery for sus-
pected locoregional recurrence, when PET/CT con-
firmed distant metastatic disease in 2 and excluded
neck recurrence in 2. Two patients had second pri-
maries detected that were able to be treated radi-
cally. One received adjuvant RT to his resected
axilla when PET/CT excluded other sites of meta-
static disease, and 1 underwent further investiga-
tion of lung lesions identified as suspicious on PET/
CT. One patient’s treatment intent became curative

instead of palliative when PET/CT excluded lung
metastases. The final patient had unfortunately al-
ready undergone salvage laryngectomy before
PET/CTrevealedmetastatic lung cancer.

In 2 patients, false findings on PET/CT led to
changes in management. One underwent invasive
investigation for false-positive uptake in the lar-
ynx. Another patient had an equivocal left lung
lesion on PET/CT (suspicious on CT) and did not
undergo biopsy at the time but progressed to de-
velop metastatic pulmonary disease within 12
months.

Accuracy. Accuracy was determined either by
ongoing observation and/or pathologic confirma-
tion. True positives were recorded in 5/35 scans at
the primary site and 8/35 scans in the neck. There
were 4/35 true-positive scans for metastatic dis-
ease and a further 4 for second primary cancers.
There were 3/35 false-positive scans at the pri-
mary site (63% PPV); 2 were in the same patient
who had a persistent, biopsy negative vallecular
ulcer, and the other was in a patient who had
uptake in the oropharynx but failed to progress at
this site. There was 1/35 false positive at a nodal
site, proven negative on subsequent neck dissec-
tion (89% PPV).

There was only 1/35 false negative scan for
locoregional disease—this patient developed neck
recurrence 4 months after his PET/CT (96%
NPV).

At distant sites, there were 7/35 false nega-
tives in patients who developedmetastatic disease
within 12 months. Five of the 7 cases had pro-
gressed with uncontrolled locoregional disease
when they developed distant metastases. The 2
that remained in locoregional control developed
overt metastatic lung disease 9 and 11 months,
respectively, after the negative scan.

DISCUSSION

PET/CT offers the advantage of combining ana-
tomic and metabolic data, compared with PET,
which provides functional imaging data only.
There are data supporting the superiority of PET/
CT over PET alone in general oncology. PET/CT
has been shown to be of particular benefit in
improving the characterization of equivocal le-
sions and also in determining the exact anatomi-
cal location of abnormal FDG uptake.20,23,24

In head and neck cancer, PET/CT should be of
even greater value given the complex anatomy
and the presence of multiple normal structures

FIGURE 4. Kaplan–Meier curves of overall survival by response

assessed on PET/CT. Patients with censored times are shown

by tick marks. CMR, complete metabolic response.
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with variable intensity FDG uptake (e.g., lymph-
oid tissue, salivary glands, andmuscles).19

A small number of studies have compared PET
versus PET/CT in head and neck cancer. Schoder
and colleagues found PET/CT more accurate in
localizing abnormalities, particularly in areas
previously treated with surgery or RT and also in
reducing the fraction of equivocal lesions.21 The
clinical impact of PET/CT compared with PET
alone was reported but not its impact compared
with conventional assessment alone. Others have
also found PET/CT to be superior to PET alone in
improving radiologist confidence and accuracy in
head and neckmalignancy.22,25

Our study of 76 patients with a median follow-
up of 28 months is the first to prospectively assess
the incremental clinical impact of PET/CT over
conventional clinical and radiological assessment
in HNSCC. Staging PET/CT led to a TNM classifi-
cation change in 34%, most commonly owing to
nodal upstaging. Clinical impact was medium
with an alteration in RT planning technique or
dose in 29%. However, because treatment plans
were altered on the basis of the PET/CT findings
and may thereby have altered the course of dis-
ease, their accuracy could not be validated.

PET/CT had high clinical impact when per-
formed in addition to standard clinical assessment
in the settings of assessment of posttreatment
response and ongoing follow-up. Response assess-
ment PET/CT was reliably accurate in excluding
residual locoregional disease and led to a 37%
change in either treatment modality and/or treat-
ment intent. The absence of false negatives for
locoregional disease in posttreatment evaluation
supports the use of PET/CT to determine patients
in whom ongoing observation rather than surgical
intervention is appropriate and safemanagement.

It is well documented that the probability of
obtaining a false-positive posttreatment PET scan
decreases with time after completion of treat-
ment, as treatment-induced inflammatory reac-
tions heal.16,26,27 Protracted healing of radiation
reactions, secondary infection, or ongoing irrita-
tion due to smoking might all be expected to
increase the false-positive rate. Most authors re-
commend 8 to 12 weeks as the optimal time for
response assessment.16,18,26,28 Clearly, a compro-
mise needs to be struck between the risk of a false
positive and the risk of delaying appropriate sal-
vage intervention.

We believe that 3 months is an appropriate
time for performing the posttreatment PET/CT.

For patients with a complete clinical, radiological,
and metabolic response at that time, ongoing re-
gular (3 monthly) clinical follow-up is recom-
mended. In patients with high-risk disease, e.g.,
N3 nodal disease, a repeat PET/CT at 6 months is
performed. If there is a complete metabolic
response at 3 months but a clinical or radiological
abnormality persists, close clinical assessment
(6 weekly) and a repeat PET/CT in 3months is rec-
ommended. A negative PET/CT could allow
ongoing regular (3 monthly) clinical follow-up,
with a further PET/CT at 12 months posttreat-
ment.

False-positive results were more common in
this series (13% at the primary and 10% at nodal
sites) than we have previously reported using
older stand-alone PET technology.16,18 This prob-
ably reflects the higher spatial and contrast reso-
lution of the current scanner allowing detection of
more subtle regions of increased FDG uptake.
This enhanced sensitivity would tend to increase
the NPV but potentially decrease the PPV as
observed in this study.

In the ongoing follow-up group, PET/CT had
high impact in detecting distant metastatic dis-
ease and second primary cancers. These results
support our previous study using stand-alone
PET.18 However, some 20% of patients with a
PET/CT negative for distant metastases went
on to develop overt metastases within the next
12 months, most often in association with pro-
gressive locoregional disease. This is not sur-
prising given that these metastases would have
been only microscopic at the time of PET/CT or
may even have seeded subsequent to the scan
in patients with progressive locoregional dis-
ease.

CONCLUSION

We have demonstrated that PET/CT has a major
incremental impact in the staging and posttreat-
ment management of patients with HNSCC. PET/
CT has a very high NPV for residual/recurrent
locoregional disease in posttreatment evaluation,
determining those patients in whom ongoing ob-
servation rather than surgical intervention is
appropriate and safe management. Our results
suggest addition of a posttreatment PET/CT scan
into the patient’s posttreatmentmanagement par-
adigm now constitutes optimal posttreatment
care.
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