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Abstract

Introduction: Combined modality treatment regimens have provided modest gains in locoregional control rates
of cancers of the head and neck (HNC), and intensity-modulated radiation therapy (IMRT) has gained widespread
use. The methodology for determining contours of the gross tumour volume (GTV) in the radiation treatment plan
is often based on combined anatomic and metabolic data from positron emission tomography–computed
tomography (PET-CT). This study aimed to retrospectively evaluate the overall survival and disease-free survival
outcomes of patients with HNC who received definitive IMRT with or without chemotherapy, planned with PET-CT.

Materials and Methods: A total of 1,200 patients underwent treatment for HNC during the study period, from
1 January 2002 to 31 December 2010. Of those, 261 cases had evaluable data that met the inclusion criteria
for the study. The incidence and timing of locoregional recurrence, distant metastatic disease, new primary
malignancies and death were evaluated retrospectively. Overall and disease-free survival (survival to time of
first recurrence) were determined by the life table method. Incidence of distance metastatic disease and
additional cancers were also studied.

Results: Median follow-up from treatment initiation was 26·4 months (range 1·2–84·7 months). Overall
survival and disease-free survival rates were 0·883 and 0·791, respectively, at 1 year; 0·793 and 0·688,
respectively, at 2 years; and 0·732 and 0·619, respectively, at 3 years. The cumulative risk of recurrence was
22·6% at 3 years following definitive IMRT and the median time to recurrence was 345 days. There was an
overall low incidence of distant metastatic disease (3·07%) and additional cancers (8·05%).

Conclusion: Overall and disease-free survival outcomes of a large cohort of HNC patients treated with definitive
IMRT radiotherapy following treatment planning with PET-CT shows a similar high level of disease control and
mortality rate as previously published outcome studies of shorter terms and/or smaller numbers of patients.

Keywords: head and neck cancer; intensity-modulated radiation therapy (IMRT); PET-CT; survival

Correspondence to: Benjamin L. Franc, Department of Radiology and Biomedical Imaging, University of California San Francisco, 185 Berry Street,
San Francisco, CA 94107, USA. Tel: 650 776 8080. E-mail: benjamin.franc@ucsf.edu

285

Journal of
Radiotherapy
in Practice

Journal of Radiotherapy in Practice (2015)
14, 285–295 © Cambridge University Press 2015
doi:10.1017/S1460396915000187

https://doi.org/10.1017/S1460396915000187 Published online by Cambridge University Press

mailto:benjamin.franc@ucsf.edu
http://crossmark.crossref.org/dialog/?doi=10.1017/S1460396915000187&domain=pdf
https://doi.org/10.1017/S1460396915000187


INTRODUCTION

The role of positron emission tomography–com-
puted tomography (PET-CT) in radiation oncol-
ogy has grown significantly over the past decade,
impacting diagnosis, treatment planning, assess-
ment of treatment response and monitoring for
recurrent malignancy.1 PET and PET-CT data has
been incorporated into the radiation treatment
plan of cancers of the head and neck (HNC) for
over a decade at several institutions with several
studies showing its impact on tumour staging and
gross tumour volume (GTV) contoured on images
used in the planning process.2,3

Though the use of combined metabolic and
anatomic information in the radiation treatment
plan has become an established practice in many
institutions, only a small number of studies
including relatively small numbers of patients
have been published evaluating their clinical
outcomes.4–6 In the current climate of health-
care, clinical outcomes data for highly techno-
logically advanced therapies is becoming
increasingly important. The purpose of this study
was to retrospectively evaluate the long-term
clinical outcomes of patients with HNC who
received definitive intensity-modulated radiation
therapy (IMRT) with or without chemotherapy,
planned with PET-CT.

METHODS

The methods of this study were approved by the
local institutional review board (IRB) and the same
IRB monitored the ongoing progress of the
study. Data reported to the California Cancer
Registry was queried to identify all patients treated
by the institution with HNC based on ICD-9
diagnosis between 1 January 2002 and 31
December 2010. Current procedural terminology
codes required for billing of IMRT and PET
imaging were cross referenced to identify eligible
cases. Inclusion criteria included a new diagnosis of
HNC treated with IMRT, PET-CT performed
for treatment planning and completion of all
planned radiation sessions. Patients with recurrent
cancer or metastatic disease from a separate cancer
site were excluded from evaluation. Retrospective
chart review was used to develop a database of
eligible subjects. The dataset included patient

demographics, IMRT dose summary data, primary
site of cancer, surgical treatments, clinical lab
values, pathology findings related to the detection
of cancer, cancer diagnosis, chemotherapy treat-
ments, clinical findings related to cancer, presence
and timing of cancer recurrence and the date and
cause of death. A master’s prepared nurse with
clinical experience in oncology performed all chart
reviews.

PET-CTs for HNC radiation treatment plan-
ning were performed following a standardised
protocol. All patients were imaged using a flat
bed and were positioned using the custom-made
mask to be utilised during IMRT sessions.
Orthogonal lasers were utilised to position the
patient and positioning coordinates were aligned
between the PET-CT imaging system and the
radiation treatment planning software. While
remaining in position on the PET-CT system, an
additional CT scan through the head and
neck was performed during the intravenous
administration of 100 mL iodinated contrast at
2 mL/minute. MaxSUV for the primary tumour
was collected for each scan.

Data for all health encounters were captured in
an electronic medical record. The electronic
records for diagnostic imaging, clinical consulta-
tion, treatment planning and follow-up visits were
abstracted. Each visit was reviewed to capture the
following variables: imaging findings, treatment
provided inclusive of IMRT treatment summary
data and chemotherapy regimen, clinical or
radiographic disease progression, incidence of new
cancers and death. Adjunctive chemotherapy
regimen data were also collected and categorised
into five groups: platinum-based treatment, plati-
num with taxanes, epidermal growth factor
receptor (EGFR) inhibitor, no adjunctive che-
motherapy and no data. Recurrence was defined as
any clinical or radiographic evidence of tumour
confirmed by tissue biopsy or a change in treat-
ment plan. Time to recurrence was a calculated
variable reported in days by subtracting the date of
initial diagnosis from the date of recurrence diag-
nosis. Disease was further categorised as either
locoregional or distant metastases.

Data were then categorised by site to include
nasopharyngeal, oropharynx, oral cavity, salivary
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gland and larynx/hypopharynx. The oropharynx
classification was given to all cancers of the tonsils
and base-of-tongue. The oral cavity classification
was given to all cancers of the oral tongue or
other components of the oral cavity. All data
were entered into an electronic spreadsheet
(Microsoft Excel 2010) with data encryption
software and password access to protect subject
privacy. In those cases where a date of death
could not be verified (n = 10), the last date of
follow-up was taken to represent the last known
survival date.

Survival rates were analysed by actuarial curves
using the life table method. Log Rank test was
used to test the difference between curves. Cox
proportional hazards regression model was used
to evaluate the effects of different factors on
survival and recurrence. T-test was used to test
the differences between groups and subgroups
for continuous variables, while χ2 test was used to
test differences for categorical variables. SAS 9·2
was used in this data analysis.

RESULTS

A total of 1,200 cases with a diagnosis of HNC
were reviewed by retrospective chart review. A
total of 261 cases met the inclusion criteria and
were included in the study. All subjects included in
the study received intensity-modulated radio-
therapy using computerised inverse treatment
planning algorithms to achieve a conformal dose
and homogeneity of the target volumes, utilising
information from PET-CT in the treatment plan
(Figures 1–3). Patients had tumours of various
stages as summarised in Table 1.

The mean follow-up was 26·4 months (1·2–
84·7 months). A total of 72% of participants were
male with an average age of 62 years. Cancers
were located frequently in the oropharynx (45%:
118 cases). There were 79 cases (30%) of cancers
of the oral cavity, 26 cases (10%) of nasophar-
yngeal cancer, 12 (5%) cases of cancer of the
larynx or hypopharynx and 26 (10%) cases of
salivary gland malignancy. The 3-year cumula-
tive locoregional recurrence rate was 22·6% and
3·07% of all patients had distant metastasis during
the follow-up period. Over the total time period

studied, 191 patients were confirmed alive at the
end of 3 years following IMRT while 60 were
confirmed to be deceased. Ten other patients
were either lost to follow-up or had records
unavailable.

The overal survival and disease-free survival
rates for the entire group of HNC patients were
0·883 and 0·791, respectively, at 1 year; 0·793
and 0·688, respectively, at 2 years; and 0·732 and
0·619, respectively, at 3 years. Overall survival for
all patients studied as well as subgroups based on
site of the primary malignancy may be found in
Figure 4. Disease-free survival for all patients
studied as well as subgroups based on site of the
primary malignancy may be found in Figure 5.
The cumulative locoregional recurrence for all
cancer types may be found in Figure 6. Median
time to recurrence was 345 days. There was an
overall low incidence of distance metastatic dis-
ease (3·07%) and additional cancers (8·05%).
Survival data are summarised in Table 2.

Of concommitant chemotherapy regimens,
platinum-based treatment was most common
(27%), followed by EGFR inhibitor (22%), no
adjuvant chemotherapy (21%) and platinum with
taxanes (11%). No data regarding chemotherapy
regimen was present in 15% of cases. Three
subjects were excluded from analysis due to
receipt of a study drug. When compared with
patients who did not receive chemotherapy
during the period of radiation, patients who
received chemotherapy had a significantly pro-
longed survival (p = 0·023) but no significant
difference in their rate of recurrence (p = 0·207).

DISCUSSION

IMRT is a technique that has been applied to
HNC widely over the past decade. IMRT seeks
to spare damage to critical normal tissues, many
of which are in close anatomic proximity to the
targeted malignancy. Specifically, the use of
IMRT aims to avoid complications of other
radiation techniques, such as dysphagia, osteor-
adionecrosis, xerostomia and dental caries.

PET-CT, an imaging modality that combines
functional (PET) and anatomic (CT) information,
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Figure 1. Axial PET (a) and PET-CT fusion (b) images showing the contours for the radiation treatment plan in a patient with a
right tonsillar cancer and metastatic lymph nodes in the neck bilaterally. The GTV of the primary tumour (red line) is delineated
based upon the hypermetabolic region on PET. Nodal GTV (yellow line) is also shown as contours of normal structures.
Abbreviations: PET, positron emission tomography; CT, computed tomography; GTV, gross tumour volume.
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Figure 2. Coronal PET(a) and PET-CT fusion (b) images in a patient with a right-sided tonsillar cancer. PET assists in identifying
GTV of the primary malignancy (red line), GTV of lymph node metastases (yellow line) and normal structures such as the parotid
glands (pink line on right, white line on left).
Abbreviations: PET, positron emission tomography; CT, computed tomography; GTV, gross tumour volume.
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has been utilised directly in developing the IMRT
plan for patients with HNC for over a decade at
some centres, and the technique has been widely
adopted by radiation oncologists.2–4 Clinical PET

utilises 18F-flurodeoxyglucose (FDG), a glucose
analogue, to identify areas of high metabolic
activity. Early prospective studies of PET in
patients being considered for primary radiation

Figure 3. Treatment volumes in a radiation therapy plan utilising PET-CT. Areas of hypermetabolism on PET assist in planning
radiation of volumes involved in malignancy, including the primary tumour (red line) and small and large lymph node metastases
(yellow contours). An 8× 5 mm node is a non-specific finding based on CT size criteria (white arrow), but it is included in the
GTV due to its hypermetabolism on PET (black arrow).
Abbreviations: PET, positron emission tomography; CT, computed tomography; GTV, gross tumour volume.

Table 1. Representation of primary sites and stages in patients with cancers of the head and neck, treated with intensity-modulated radiation therapy
with PET-CT-based planning

Cancer type Stage I Stage II Stage III Stage IVa Stage IVb

Oropharynx (118) 3·39% (4) 18·0% (21) 21·9% (25) 46·6% (55) 11·0% (13)
Oral Cavity (79) 16·5% (13) 25·3% (20) 16·5% (13) 36·7% (29) 5·06% (4)
Nasopharyngeal (26) 15·4% (4) 19·2% (5) 26·9% (7) 30·8% (8) 7·69% (2)
Salivary (26) 19·2% (5) 26·9% (7) 30·8% (8) 19·2% (5) 3·84% (1)
Larynx/hypopharynx (12) 0% (0) 33·3% (4) 8·33% (1) 41·7% (5) 16·7% (2)

Abbreviation: PET-CT, positron emission tomography–computed tomography.

Outcomes of head and neck cancer patients receiving IMRT with PET-CT planning

290

https://doi.org/10.1017/S1460396915000187 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396915000187


therapy demonstrated new information over that
included in the anatomic imaging alone in a high
fraction of cases that resulted in alterations in
therapy.7,8 A recent retrospective study found that
PET provided greater sensitivity than CT in
identifying the GTV of the primary tumour in
patients with squamous cell carcinomas of the head
and neck, and that determination of the GTV
combining data from PET and CT was superior to
GTV based upon contrast-enhanced CT alone.9

The use of PET data can also conceivably decrease
the observed large variation in target volume
delineation in radiation treatment planning by
more easily distinguishing between tumour and
non-malignant soft tissue.10

However, the utilisation of PET data in the
radiation treatment plan brings its own challenges.

Figure 4. Life table survival curve from original diagnosis to
death for (a) all patients and (b) broken down according to site of
primary malignancy.

Figure 6. Cumulative locoregional recurrence in patients with
cancers of the head and neck, treated definitively with IMRT
planned using PET-CT.
Abbreviations: IMRT, intensity-modulated radiation therapy;
PET-CT, positron emission tomography–computed tomography.

Figure 5. Life table disease-free survival for (a) all patients and
(b) broken down according to site of primary malignancy.
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Incorporation of anatomic abnormalities on CT
into the radiation treatment plan is important,
sometimes regardless of their FDG-avidity on PET
as heterogeneous patterns of FDG uptake within
primary HNC lesions are well known and necrotic
lymph node metastases can show little or no FDG
uptake on PET.11 Image level thresholding can
have significant effects on tumour delineation for
radiation treatment planning on PET-CT.12

Registration between PET and CT images is cri-
tical and may require advanced image registration
algorithms, particularly when PET-CT is not
acquired in the treatment position with a flat table
and the head/neck stabilisation system and face
mask that will be utilised in the radiation therapy
suite.13 In the current study, all patients were
imaged in the treatment position and underwent
positioning by radiation therapists.

The purpose of this study was to retrospectively
evaluate the long-term clinical outcomes of
patients with HNC who received IMRT with or
without chemotherapy, planned with PET-CT.
Because of all of the potential variabilities intro-
duced by the data provided by PET-CT, as well as
the labour- and cost-intensive nature of radiation
treatment planning with PET-CT, it is important
to understand long-term outcomes of patient who
have undergone radiation treatment planning with
PET-CT. Only a small number of studies includ-
ing relatively small numbers of patients have been
published evaluating the clinical outcome of
patients with HNC who have undergone defini-
tive radiotherapy with integrated PET-CT treat-
ment planning.5,6,14 A retrospective study of
45 patients with stage IVA oro- or hypopharyngeal
carcinoma staged with PET-CT and treated
with definitive chemoradiation with IMRT over a

3-year period with case-control matching with
median follow-up time of 18 months showed that
the use of PET-CT and treatment with IMRT
improved cure rates compared with matched cases
who did not receive either PET/CT nor IMRT.
The study reported an overall survival of patients
with PET-CT and IMRT of 97 and 91% at 1 and
2 years, respectively. Notably, staging data from
the PET-CT was considered in the overall treat-
ment, however, the study did not specifically
evaluate patients treated with IMRT planned
with integrated PET-CT.6 A separate study of
42 patients with HNC who received definitive
radiotherapy with integration of PET-CT in the
treatment plan over a 4-year period with median
follow-up of 32 months reported survival and
disease-free survival of 82·8 and 71%, respectively,
at 2 years and 74·1 and 66·9%, respectively, at
3 years. The cumulative risk of recurrence was
18·7%.5 The overall survival rates at 2 and 3 years
in the present study of 261 patients are comparable,
as is the disease-free survival rate at 2 years. Overall
survival was potentially underestimated in the
current study as the conservative assumption was
made that, in those cases where a date of death
could not be verified (n = 10), the last date of
follow-up represented the last known survival
date. In addition, overall survival in the current
study was not cause specific, though the vast
majority of deaths in patients with HNC are
typically secondary to their malignancy.

The survival and disease-free survival data
from the present study suggest potential
improvements in survival rates over the past
decade for patients with cancers of the orophar-
ynx and nasopharynx treated with primary
radiation therapy.15 A recently published analysis

Table 2. Overall and disease-free survival at 1, 2 and 3 years following treatment with intensity-modulated radiation therapy with PET-CT-based
planning

1-year survival 2-year survival 3-year survival

Primary cancer site Overall Disease free Overall Disease free Overall Disease free

All 0·883 0·791 0·793 0·688 0·732 0·619
Oropharynx 0·898 0·789 0·801 0·675 0·710 0·577
Oral cavity 0·818 0·741 0·744 0·683 0·744 0·620
Nasopharynx 1·00 0·875 0·902 0·783 0·842 0·679
Salivary 0·918 0·880 0·870 0·699 0·750 0·699
Larynx/hypopharynx 0·826 0·739 0·643 0·647 0·643 0·647

Abbreviation: PET-CT, positron emission tomography–computed tomography.
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of data in the Surveillance, Epidemiology, and
End Results-Medicare database showed evi-
dence of improved cause-specific survival in
patients with HNC treated with IMRT when
compared with those treated with non-IMRT
radiation techniques.16 In a large trial evaluating
various methods of delivering radiation fractions
for conventional combined chemoradiation
therapy in patients with head and neck carcino-
mas, overall 5-year survival ranged 56–59% with
locoregional failure rates ranging 28–31%.17

Though the present study analysed 3-year survi-
val and recurrence rates, the majority of locor-
egional recurrence occurred within the 1st year,
suggesting that the 73·2% overall 3-year survival
and 22·6% cummulative recurrence rate compare
favourably to previously published data. Notably,
PET-CT was not necessarily included in the
treatment plan in these previously published
series and, therefore, the use of these series
for comparison is intended only to determine
whether the present IMRT outcomes are within
an expected range.

The finding that the addition of chemotherapy
provided a statistically significant survival benefit
in the current analysis is in keeping with prior
published data. The recurrence rate was not
significantly different between those patients
who did receive chemotherapy and those who
did not in the current analysis, though disease-
free survival has previously been reported to be
affected by the addition of chemotherapy.18

Notably, only 261 of 1,200 (21·75%) patients
treated for HNC over the study period met cri-
teria for inclusion in the present study. All sub-
jects included in the study were required to have
received intensity-modulated radiotherapy using
computerised inverse treatment planning algo-
rithms to achieve a conformal dose and homo-
geneity of the target volumes, utilising
information from PET-CT in the treatment plan
itself. There were many contributing reasons for
patients to fail inclusion criteria. The geographic
region of the practice was large and some patients
chose not to travel to sites that could deliver
IMRT, choosing conformal radiotherapy at a
nearby facility instead. In addition, patterns of
implementation of IMRT were heterogeneous
between providers early in the study period as the

technique had only recently been introduced
into the community healthcare setting. Given
that the first PET-CT system became available to
the studied population 1 year before the begin-
ning of the study period, radiation oncologists
varied in their level of integration of the imaging
method in the IMRT treatment plan. Some
providers reserved integrated PET-CT planning
for more advanced disease while other providers
used integrated PET-CT planning in every case
where IMRT was employed. Some patients
could not tolerate PET-CT planning using a
customised mask, and therefore their data could
not be used directly in the treatment plan due to
uncertainty of image registration. The larger
number of patients included in the later portion
of the study period attests to the gradual shift in
application and acceptance of the methodology
into the practice environment.

Radiation treatment plans for the patients
included in this study were generated by quali-
tative evaluation of the combined PET and CT
data by the radiation oncologist, with incor-
poration of areas more metabolically active than
surrounding soft tissue on PET and the primary
mass and enlarged locoregional lymph nodes on
CT into the GTV contour. This dependence
upon judgment of the radiation oncologist could
be viewed as a shortcoming to the present
analysis, but it represents one methodology
utilised widely for clinical tumour delineation in
radiation oncology. There are numerous other
methodologies, including automatic segmenta-
tion of PET-CT images based upon specific
thresholds of metabolic activity (e.g., % maxSUV
or absolute maxSUV thresholds), however, the
superiority of any one of these methodologies has
not been demonstrated. Certainly, the choice of
any one of these contouring methods may impact
the final result.19 In one study evaluating the
relationship of pretreatment FDG-PET biologi-
cal target volume and the anatomical location of
failure in patients with HNC following radiation
therapy, all locoregional treatment failures were
inside the GTV and only one of these had a
recurrence volume that mapped outside the
pretreatment biologic tumour volume as deter-
mined on PET, suggesting recurrences cannot
necessarily be avoided even if those areas are in
the original radiation volume.14
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The integration of other PET-derived mole-
cular data into the radiation treatment plan, such
as areas of hypoxia, may also become more
prevalent in the future.20,21 The feasibility of dose
escalation to areas with high cell proliferation based
on PET-CT with 18F-fluorothymidine and
sophisticated methods to determine tumour
volumes based on regions containing uptake of
these radiopharmaceutical biomarkers are also been
explored.22,23 Prospective multicenter studies will
need to be performed to validate these approaches,
but it appears that PET-guided, molecular-based
planning for radiation therapy, and IMRT in
particular, is integral to the future of treatment of
HNC.24

CONCLUSION

Overall and disease-free survival outcomes of a
large cohort of HNC patients treated with defi-
nitive radiotherapy following treatment planning
with PET-CT shows a similar high level of dis-
ease control and mortality rate as previously
published outcome studies over a shorter term or
including a smaller numbers of patients. Given
the widespread use of IMRT in HNC and the
increasing number of centres that provide inte-
grated PET-CT radiation treatment planning,
the field of radiation oncology would benefit
from a greater number of analyses evaluating
outcomes of large sets of patients in whom PET-
CT is directly integrated into the IMRT plan.
Future studies could focus on the outcomes
of patients using varying PET-CT planning
techniques in IMRT for HNC or other highly
conformal techniques for other cancer types.

Acknowledgement

The authors are grateful for the statistical assis-
tance provided by Guibo Xing of the University
of California, Davis.

References
1. Heron D E, Andrade R S, Beriwal S et al. PET-CT in

radiation oncology: the impact on diagnosis, treatment
planning, and assessment of treatment response. Am J Clin
Oncol 2008; 31 (4): 352–362.

2. Ciernik I F, Dizendorf E, Baumert B G et al. Radiation
treatment planning with an integrated positron emission

and computer tomography (PET/CT): a feasibility study.
Int J Radiat Oncol Biol Phys 2003; 57 (3): 853–863.

3. Deantonio L, Beldi D, Gambaro G et al. FDG-PET/CT
imaging for staging and radiotherapy treatment planning of
head and neck carcinoma. Radiother Oncol 2008; 3: 29.

4. Heron D E, Andrade R S, Flickinger J et al. Hybrid PET-
CT simulation for radiation treatment planning in head and
neck cancers: a brief technical report. Int J Radiat Oncol
Biol Phys 2004; 60: 1419–1424.

5. Vernon M R, Maheshwari M, Schultz C J et al. Clinical
outcomes of patients receiving integrated PET/CT-guided
radiotherapy for head and neck carcinoma. Int J Radiat
Oncol Biol Phys 2008; 70 (3): 678–684.

6. Rothschild S, Studer G, Seifert B et al. PET/CT staging
followed by intensity-modulated radiotherapy (IMRT)
improves treatment outcome of locally advanced phar-
yngeal carcinoma: a matched-pair comparison. Radiother
Oncol 2007; 2 (22): 1–10.

7. Ha P K, Hdeib A, Goldernberg D et al. The role of positron
emission tomography and computed tomography fusion in
the management of early-stage and advanced-stage primary
head and neck squamous cell carcinoma. Arch Otolaryngol
Head Neck Surg 2006; 132: 12–16.

8. Dietl B, Marienhagen J, Kuhnel T et al. FDG-PET in
radiotherapy treatment planning of advanced head and neck
cancer—a prospective clinical analysis. Auris Nasus Larynx
2006; 33 (3): 303–309.

9. Kajitani C, Asakawa I, Uto F et al. Efficacy of FDG-PET for
defining gross tumor volume of head and neck cancer.
J Radiat Res 2013; 54: 671–678.

10. Steenbakkers R J HM, Duppen J C, Fitton I et al. Observer
variation in target volume delineation of lung cancer related
to radiation oncologist-computer interaction: a ‘Big
Brother’ evaluation. Radiother Oncol 2005; 77: 182–190.

11. Dos Santos D T, Lima E N P, Chojniak R et al. Topo-
graphic metabolic map of head and neck squamous cell
carcinoma using 18F-FDG PET and CT image fusion. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2005; 100:
619–625.

12. Yaremko B, Riauka T, Robinson D et al. Thresholding in
PET images of static and moving targets. Phys Med Biol
2005; 50: 5969–5982.

13. Hwang A B, Bachrach S L, Yom S S et al. Can positron
emission tomography (PET) or PET/computed tomo-
graphy (CT) acquired in a nontreatment position be accu-
rately registered to a head-and-neck radiotherapy
planning CT? Int J Radiat Oncol Biol Phys 2009; 73 (2):
578–584.

14. Soto D E, Kessler M L, Piert M et al. Correlation between
pretreatment FDG-PET biological target volume and anato-
mical location of failure after radiation therapy for head and
neck cancers. Radiother Oncol 2008; 89 (1): 13–18.

15. Robertson M L, Gleich L L, Barrett W L et al. Base-of-
tongue cancer: survival, function, and quality of life after

Outcomes of head and neck cancer patients receiving IMRT with PET-CT planning

294

https://doi.org/10.1017/S1460396915000187 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396915000187


external-beam irradiation and brachytherapy. Laryngoscope
2001; 111 (8): 1362–1365.

16. Beadle B M, Liao K P, Elting L S et al. Improved survival
using intensity-modulated radition therapy in head and
neck cancers. Cancer 2014; 120: 702–710.

17. Ang K, Pajak T, Wheeler R et al. A phase III trial to test
accelerated (AFX) versus standard (SFX) fractionation in
combination with concurrent cisplatin for head and neck
carcinomas (RTOG 0129): report of efficacy and toxicity.
Int J Rad Onc Biol Phys 2010; 77 (1): 1–2.

18. Huncharek M, Kupelnick B. Combined chemoradiation
versus radiation therapy alone in locally advanced naso-
pharyngeal carcinoma: results of a meta-analysis of 1,528
patients from six randomized trials. Am J Clin Oncol 2002;
25 (3): 219–223.

19. Wang K, Heron D E, Clump D A et al. Target delineation
in stereotactic body radiation therapy for recurrent head and
neck cancer: a retrospective analysis of the impact of margins
and automated PET-CT segmentation. Radiother Oncol
2013; 106: 90–95.

20. Thorwarth D, Eschmann SM, Scheiderbauer J et al. Kinetic
analysis of dynamic 18F-fluoromisonidazole PET correlates
with radiation treatment outcome in head-and-neck
cancer. BMC Cancer 2005; 5: 152.

21. Postema E J, McEwan A J, Riauka T A et al. Initial results of
hypoxia imaging using 1-alpha-D-(5-deoxy-5-[18F]-
fluoroarabinofuranyosyl)-2-nitroimidazole (18F-FAZA).
Eur J Nucl Med Mol Imaging 2009; 36 (10): 1565–1573.

22. Troost E G, Bussink J, Hoffman A L et al. 18F-FLT PET/
CT for early response monitoring and dose escalation in
oropharyngeal tumors. J Nucl Med 2010; 51 (6): 866–874.

23. Arens A I J, Troost E G C, Hoeben BAW et al. Semiauto-
matic methods for segmentation of the proliferative tumour
volume on sequential FLT PET/CT images in head and neck
carcinomas and their relation to clinical outcome. Eur J Nucl
Med Mol Imaging 2014; 41 (5): 915–924.

24. Hoeben B A W, Bussink J, Troost E G C et al. Molecular
PET imaging for biology-guided adaptice radiotherapy
of head and neck cancer. Acta Oncologica 2013; 52:
1257–1271.

Outcomes of head and neck cancer patients receiving IMRT with PET-CT planning

295

https://doi.org/10.1017/S1460396915000187 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396915000187

	Overall and disease-free survival outcomes of patients receiving intensity-modulated radiation therapy (IMRT) with PET-CT-based planning for cancers of the head and�neck
	Introduction
	Methods
	Results
	Discussion
	Figure 1Axial PET (a) and PET-CT fusion (b) images showing the contours for the radiation treatment plan in a patient with a right tonsillar cancer and metastatic lymph nodes in the neck bilaterally.
	Figure 2Coronal PET(a) and PET-CT fusion (b) images in a patient with a right-sided tonsillar cancer.
	Figure 3Treatment volumes in a radiation therapy plan utilising PET-CT.
	Table tab1 
	Figure 4Life table survival curve from original diagnosis to death for (a) all patients and (b) broken down according to site of primary malignancy.
	Figure 6Cumulative locoregional recurrence in patients with cancers of the head and neck, treated definitively with IMRT planned using PET-CT.
	Figure 5Life table disease-free survival for (a) all patients and (b) broken down according to site of primary malignancy.
	Table tab2 
	Conclusion
	Acknowledgement

	ACKNOWLEDGEMENTS
	References


