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Abstract

Background and Purpose: To assess whether the pretreatment FDG-PET defined biologic
target volume (PET-BTV) correlates with the anatomical sites of loco-regional failure (LRF) after
RT for head & neck cancer (HNC).

Materials & Methods: We retrospectively identified 61 HNC patients treated definitively with
either 3-D CRT or IMRT who had a pre-therapy PET/CT. The GTV and high risk CTVq
definitions included composite data obtained from diagnostic CT, PET/CT, physical examination,
and MRI when available. The median CTV; dose was 70Gy. 95% received chemotherapy. For
patients with LRF, a recurrence volume (Vr) was identified and was mapped to the pretreatment
planning CT and pretreatment PET scan.

Results: At a median follow-up of 22 months, 15% (9/61) patients had LRF. For patients with a
LRF, 100% (9/9) of failures were inside the GTV. One of nine [11% (95% CI: 3%-45%)] had Vr
which mapped outside of the pretreatment PETBTYV, while 8/9 patients had Vr within the PET-
BTV. Predictors of LRF in our series included GTV volume (p=0.003), but not mean SUV
(p=0.13) or max SUV (p=0.25).

Conclusions: Following treatment in which the GTV was defined based on the composite of
imaging and physica examination, the majority, but not all, LRF occurred within the PET-BTV.
These results support an important, but not exclusive, role of FDG-PET in defining the GTV.
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Introduction

Following definitive RT the majority of HNC failures are infield and occur within the 95%
dose coverage region [1-5]. In order to improve treatment outcomes a better understanding
of why these infield failures occur is needed. One possible explanation is that tumor cells
within the gross tumor may be more resistant to RT due to biological factors such as
hypoxia [6]. FDG-PET uptake may be a surrogate for hypoxia and it has been shown to
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predict treatment response and loco regional failure (LRF) [7-9]. In addition, FDG-PET
defined tumor volumes have been reported to be smaller than CT defined ones [10-15] and
several others have suggested PET alone based methods to define the GTV. An examination
of the exact site of LRF relative to pre-treatment PET defined target may shed light on the
utility of PET as a vehicle to define the GTV. However, whether LRFs occur within the
pretreatment PET-avid tumor site is not known. In this study, we have registered
pretreatment and failure imaging scans to determine if the exact anatomical site of LRF
coincides with the pretreatment PET defined tumor site.

Materials & Methods

Patients

Therapy

We obtained IRB approval from University of Michigan Cancer Center to retrospectively
examine definitively treated RT HNC patients. Between 1/2001 and 6/2006, 84 patients with
squamous cell HNC of mucosal origin treated with RT were found to have an available
pretreatment in house PET/CT scan. We excluded patients with previous surgery or previous
RT and focused our study on the 61 treated with definitive RT. Details of patient and tumor
characteristics are provided in the Table.

Our policies for target delineation and neck nodal coverage has been previously described
[16]. The targets included gross tumor volume (GTVs) and clinical target volumes (CTVs)
which consisted of areas within close proximity of the primary tumor as well as neck nodal
regions at risk for sub clinical disease. GTVs were delineated using both radiologic imaging
(CT, PET/CT, and MRI) as well as clinical data based on physical exam, indirect fiberoptic
endoscopy, and the reports of direct endoscopy performed by surgeons. CTVs were defined
utilizing previously noted guidelines [16]. GTVs and CTVs were expanded uniformly by
3-5mm to generate planning target volumes (PTVs). The median prescribed doses to the
PTV encompassing the GTV was 70Gy (range: 66-74.5Gy) and the dose range for PTVs
encompassing sub-clinical targets 50-63Gy. Ten patients received hyperfractionated RT.
Median number of fractions was 35 (range 33-59). Concurrent chemotherapy was delivered
to 95% patients. 57/61 received platinum-based therapy. All patients in this series completed
the treatment. Treatment factors are described in the Table.

Follow-up and end points

Base on institutional practices all patients had clinical follow-up by head and neck surgeons
and radiation oncologist every 6-8 weeks for the first 2 years. Follow up then occurred every
3 months for the 3™ year and every 6 months there after. Radiologic evaluation was
performed as clinically indicated.

FDG-PET/CT imaging

FDG-PET/CT scans were obtained as part of the clinical staging procedures including
intravenous contrast. Many of these studies were performed before treatment simulation,
therefore were done without an immobilization mask or the treatment table adaptor. PET/CT
imaging was performed on a Siemens Biography BGO-crystal tomograph with a 15.8 cm
filed of view. After intravenous injection of 8-10 mCi or FDG, patients lay comfortably in a
quiet dimly lit room. Image data were obtained from skull base to proximal thighs with arms
down starting 60 minutes after tracer injection. Prior to emission imaging (5 min per bed
position, 128x128 matrix), which was performed in three-dimensional mode (3D), a “low-
dose” CT scan was acquired using the same axial coverage as for PET. The CT tube
parameters used were 130 keV and 80-100 mAs.
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PET image data were reconstructed iteratively based on ordered-subset expectation
maximization (OSEM) with four iterations and eight subsets converting Hounsfield units
(HU) to linear attenuation coefficients for 511 keV using a single CT energy scaling method
based on a bilinear transformation [17]. Transaxial and axial resolution using a post
reconstruction 5 mm Gausian filter is 4.9 and 5.2 mm full-width at half-maximum (FWHM)
respectively. The final pixel size of the PET images in X, y, z directions was: 0.52 x 0.52 x
0.24 cm. The CT matrix was 512 x 256 pixels. The slice thickness for reconstructed PET
images and CT images were both: 0.24 cm.

PET Data Analysis

The standardized uptake value (SUV), an index of glucose metabolism, which equals the
FDG uptake in each voxel normalized by the injected dose and body weight, was calculated
in tumor tissues. A 1.5cm? circular region of interest (ROI) was centered in the area of
highest tumor FDG uptake (primary tumor and/or lymph nodes) and the mean SUV and max
SUV recorded.

Registration of recurrence volumes, planning CT and pretreatment PET/CT

We have previously detailed our method of characterizing failures as in-field, marginal, or
out-of-field [5]. Briefly a recurrence volume (Vr) was identified on the post treatment CT,
PET/CT, or MRI. Vr was then mapped to the planning CT scan to determine its isodose line
(IDL) coverage. “In-field” failures were defined as having a Vr=95% within the 95% IDL.
“Marginal” failures had a Vr 20-95% within the 95% IDL. “Out-of-field” failures had a
Vr<20% inside the 95% IDL.

Image Registration and Contour Transfer

In order to transfer contours of structures drawn on the PET/CT data to the treatment
planning CT the CT data from the PET/CT study were geometrically registered with the
treatment planning CT using in-house software that permits both rigid and deformable
registration of two image studies [18]. The PET/CT data were transferred to U-M Plan, our
in-house treatment planning system using a standard DICOM mechanism. The CT data from
the PET/CT were registered to the treatment planning CT using a multiresolution B-spline
transformation model [18,19] and a mutual information similarity metric [20,21]. The
algorithm first registers the two datasets using a rotate-translate transformation model and
uses this result as the starting point for a course to fine B-spline registration [19]. During the
registration process both the resolution of the image datasets and the spacing of the B-spline
grid are successively refined.

The output of the registration process is a geometric transformation which maps points from
the PET/CT to the treatment planning CT. This transformation was applied to vertices of the
surface generated from the contours from the PET/CT data to map the surface to the
treatment planning CT. The transformed surface was intersected along the image planes of
the treatment planning CT to generate contours of the structures originally drawn on PET/
CT images.

In addition to transferring the contours of the recurrence volume from the PET/CT to the
treatment planning CT, the contours for the external surface and mandible were also
transferred as partial validation of the computed geometric transformation.

Statistical analysis

Utilizing the Kaplan-Meier method, survival, LRF, and DF rates were calculated from the
start of RT. We performed D'Agostino & Pearson omnibus normality test and subsequently
performed unpaired t- tests and Mann-Whitney U tests. Ninety five percent confidence
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intervals where reported where indicated. Two sided p-values were utilized. Statistical
analysis was performed using GraphPad Prism version 5.0, GraphPad Software, San Diego,
Ca USA, www.graphpad.com.

Results

Patient Outcomes

The median follow-up was 22 months, range 4-72 months. At last follow-up 14 of 61
patients had died. Ten patients had died with disease recurrence. Of the remainder; one died
with a secondary lung primary, one with carotid blowout and two from causes unknown.
9/61 had a LRF, of whom but four were isolated LRF. Five patients had isolated DF while 5
had a LRF and DF. The two year actuarial LRF rate and isolated DF rate were 17% and 5%
respectively.

Patterns of Failure

The Median Vr was 15.1 cm3 (range 2.9-189.6). For patients with a LRF, 100% (9/9) of
failures were in-field. Of the in-field failures, one of nine, 11% (95% CI: 3%-45%) had Vr
which mapped outside of the pretreatment PET-BTV. However, it lay within the GTV which
had been determined using the CT and physical examination in addition to the PET (Figure
1). For the remainder of the patients, 8/9 had Vr within the PET-BTV (Figure 2). All failures
occurred in the high dose PTV, median dose was 70Gy (range: 70-74.5Gy). In addition, they
were noted to map within the CT/MRI abnormality, including the recurrence which mapped
outside the PET-defined BTV.

Predictors of Outcomes

Comparison of disease free patients vs. those with any failure revealed that the mean GTV
significantly differed at 122 cm3 (95% ClI: 99-144) vs. 229 cm3 (95% CI: 152-307) p=0.003
respectively. The mean SUV for patients with and without LRF was 11.6 (95% CI: 7.0-16.2)
and 12.5 (95% CI: 7.8-17.2) respectively (p=0.13), indicating that the pretreatment tumor
mean SUV did not correlate with LRF. Results did not differ when examining the max SUV
(p=0.25)(Table).

Discussion

In this study we have demonstrated that all except one LRF occurred in the pretreatment
PET-BTV. Thus, FDG-PET is important but should not be the sole instrument used in GTV
definition. Some institutions have examined the feasibility of GTV delineation based only
the FDG avid PET-CT volume [22,23]. Given that we observed one of nine LRF (11%, 95%
Cl: 3-45%) outside the PETBTYV, the confidence intervals suggest that if the GTVs are
based solely on FDGPET, under treatment could occur in up to 45% of patients. Madani and
colleagues have recently reported similar findings with 33% (3/9) LRF outside the PET-
BTV [24]. Both our series and Madani's likely underestimate the true risk of failures outside
the PET-BTV as all patients in these series had GTVs defined beyond the PET-BTV.

Gross pathology studies have demonstrated that no single imaging modality can depict all
gross tumor extension. However, when used together MRI, CT, and PET each can add
complimentary data to improve tumor delineation [25]. While most studies examining PET
alone based GTVs are usually smaller then their counterpart CT based GTVs, in ~25% of
patients of cases the additional information obtained from PET can increase the GTV
compared to CT alone based GTVs [10-13,15,26-28]. In addition, this number can increase
to up to 64% depending on the SUV threshold used [28]. These results emphasize the value
of using PET as an additional source of information to assure adequate target coverage.
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However, despite this improvement in target delineation, imaging data alone still misses up
to 13% of the gross tumor volume [25], with the sub-mucosal extent tumor underestimated
by all imaging modalities. This emphasizes the need to use physical examination as an
additional source of data for GTV delineation.

PET defined BTVs may be an area that warrants augmented therapy, such as RT boost dose
escalation [6,24,29]. At this time we do not know if higher RT doses to these targets could
improve failure rates and outcomes. However, our data supports the need to explore this as
the majority of failures mapped to the pretreatment PET abnormality. Others have
previously shown that dose escalation of the PET abnormality is feasible in select patients
[24,30,31]. Such areas could be part of a simultaneous integrated boost [32,33]. It is unclear
whether these targets for dose escalation should be defined by, visual interpretation [11], a
threshold intensity plateau [28], or if the boost dose intensity should be specifically tailored
to each imaging voxel intensity (i.e. painting by numbers) [34]. At this time the optimal
methods for PET volume segmentation [28] and reconstruction algorithms [35] have not
been established, however gradient based methods appear more promising when examining
gross tumor specimens [36]. In addition, it is not clear if boost should be given to the pre-
therapy BTV or to the residual uptake after several weeks of therapy [37].

There are several limitations in our retrospective study that warrant discussion. First, only a
limited number of treatment failures were observed in this study. Thus our confidence
interval for LRF outside the PET-BTYV is quite wide ranging from 3 to 45%. Another
concern is that failures were heterogeneous in regards to tumor location and stage. A third
limitation is that PET imaging was not performed in the treatment position, thus registration
quality could have impacted our results. However, we did use deformable image registration
to account for this. While our study was retrospective, we did limit the study population to
patients who only had PET scans at our hospital performed on the same imaging device and
a standardized protocol. This is critical as difference in scanning protocols, injection times
and PET/CT machines could cause differences in maximal measured SUV [38]. Given the
small number of subjects included, our results should be considered preliminary and requires
verification in a larger prospective series.

Future efforts should be focused on verifying our results. In addition, other areas that
warrant attention include the assessment of the FDG signal during treatment to see if they
correlate with treatment outcomes [39]. Finally, different forms of biological imaging agents
or protocols that examine perfusion and hypoxia [33,40], may also warrant further study.

In conclusion, following treatment in which the GTV was defined based on the composite of
CT, PET/CT, MRI, and physical examination findings, the majority (but not all) LRF
occurred within the PET-BTV. Thus, FDG-PET should not be the sole instrument used in
GTV definition. High-risk GTV volumes should be continued to be defined based on
composite diagnostic CT, PET/CT, MRI, and physical examination findings.
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Figure 1. In-field recurrence (\Vr) outside of PET-BTV

a) Pretreatment PETCT (CT data set not shown). Vr mapped in black from registered failure
scan. Failure scan was rigidly registered after using mandibles. Mandible from failure scan
is outlined in brown. b) IMRT treatment planning CT scan. Targets: PTV 70Gy is pink, PTV
64Gy is green, & PTV 60Gy is blue. 70Gy iso dose line (IDL) is in yellow & 60Gy IDL is
in fuchsia. Vr is black. C) Failure CT scan with Vr in black.
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Figure 2. In-field recurrence (Vr) within PET-BTV

a) Pretreatment PET-CT (CT data set not shown). Vr mapped in pink from registered failure
scan. b) IMRT treatment planning CT scan. Targets: PTV 70Gy is pink, PTV 50Gy is light
blue. 68%Gy iso dose line (IDL) is in yellow & 48Gy IDL is in fuchsia. Vr is dark blue. C)
Failure CT scan with Vr in pink.
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Patient & Treatment Characteristics:

Table

Disease Free Failures

No. patients 47 14
Median Age-yrs 56 61
Gender M/F 38:9 8:6
Stage

11 4 2

IVA 37 5

VB 6 7
Site

Oropharynx 37 8

Larynx 5 2

Unknown primary 2 2

Hypopharynx. 1 1

Nasopharynx 1

Oral cavity 1 0
Concurrent Chemo 94% 100%

Platinum Based 100% 93%
Median RT Dose-Gy 70 70

IMRT vs 3-D 33:14 5:9

RT Duration days 49 47

Mean GTV cm? (95%Cl)

121.5 (99.0-144.0)

229.4 (152.2-306.7)

Mean SUV (95%Cl)

11.6 (7.0-16.2)

1257.8-17.2) 1

Max SUV (95%CI)

14.1(9.2-19.0)

14.9 (9.8-20.1) #

*
Statistically significant difference p=0.003.

TNot statistically different p=0.13.

#Not statistically different p=0.25.
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