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ABSTRACT:The metabolic tumor
volume (MTV) is the volume of
metabolically-active tumor on PET/CT.
Although its potential clinical value has
been investigated in many cancers, its
routine use has been hampered by the
delineation method used to calculate the
tumor volume. This may be especially
difficult for fuzzyPET images. Previous
studies have used a lot of approaches for
delineation of tumor volume; however, still
there is no clear consensus on which
method to be used, especially in the oral
cavity region where the contouring may be
difficult due to variable grades of
physiological FDG uptake. Theaim of this
study is to determine best contouring
method for the metabolic tumor volume
from PET/CT using different absolute and
relative SUV values with correlation to the
pathology. Materials and methods:We
prospectively studied 126 patients with
oral cavity squamous cell carcinoma

(OCSCC) who underwent PET/CT before
definitive treatment by radical surgery. The
metabolic tumor volume (MTV) was
calculated for the primary tumor according
to absolute SUV figures (2.5, 3.0, 3.5 &
4.0) and fixed percentage of SUVmax
(30%, 40%, 50%, 60% & 70%).
Correlation between the axial diameters
generated from these methods and the axial
diameter from the fixed pathology
specimens was used to determine the best
of these methods. Results: Overall among
the 9 contouring methods, absolute SUV
3.0 gave the best correlation (R = 0.723; P
< 0.001). Among the methods based on
fixed percentage of SUVmax, a threshold
0f30% gave the best correlation (R =
0.701; P <0.001)

Conclusion: Contouring the metabolic
tumor volume based on absolute SUV 3.0
can be wused to represent the best
correlation with pathologic data in patients
with OCSCC.
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INTRODUCTION:

Oral cancer is the eighth most common
cancer worldwide, with epidemiologic
variations between different geographic
regionst™. The World Health Organization
(WHO) expects a worldwide rising
incidence in the next decades™ Surgery is
the main stay for resectable oral squamous
cell carcinoma (OSCC). Post-operative
radiotherapy (RT) or chemoradiotherapy
(CRT) is indicated in the presence of
specific adverse features®™.  Positron
emission  tomography -  computed
tomography (PET/CT) is increasingly used
for staging, re-staging and response
evaluation of response to therapy in
patients with head and neck cancer. As the
name implies, PET/CT combines the
information produced by two sophisticated
imaging  modalities:  the  functional
information from PET with the anatomical
information from CT into a single
procedure .

Standardized uptake value (SUV), a
simplified index of glucose uptake of the
tumor measured from 18-
fluorodeoxyglucose (FDG) PET/CT, is the
most commonly used semi-quantitative
parameter™. However, the SUV is affected
by multiple factors that include time
interval between FDG administration and
scanning, serum glucose level,
extravasations of radiotracer which alters
whole-body distribution, patient obesity
size and placement of the region of interest
(ROI) used to make the SUV calculation'®.
A wide variety of SUV ROI selection
metrics has been used: manually defined
ROls; irregular iso-contour ROIs based on
a fixed percentage of the SUVmax in the
tumor (e.g., 41%, 50%, 70%, 75%, or 90%
of the maximum); irregular iso-contour
ROIs based on a fixed SUV threshold (e.g.,

SUV 25, SUV 3); irregular iso-contour
ROIs Dbased on a background-level
threshold (e.g., relevant background + 2—-3
standard deviations [SDs]) !".

Another major problem is the partial
volume effect (PVE) in small-sized
lesions, which simply indicates that some
portions of a tomographic image
containing part of one anatomic structure
and part of another, mixed together, so that
there might be spill-in “from a nearby
active uptake” or spill-out “from the
source or target lesion itself and hence
part of its activity is seen outside, leading
to misidentification of tumor border” . This
effect typically occurs whenever the tumor
size is less than 3 times the system
resolution “full width at half maximum
(FWHM) of the reconstructed image
resolution”®). SUV can be notated as the
maximum  value within a lesion
(SUVmax), the average value within an
ROI drawn around a lesion (SUVavg), or
the highest value within a fixed-sized ROI
(SUVpeak)!. The SUVmax is more robust
because it is more reproducible, being less
affected by the size and placement in the
ROI®!.  However, SUVmax is highly
dependent on the statistical quality of the
images and the size of the maximal
pixelt?!,

Segmentation of PET images based on the
degree of avidity of tissue to FDG has been
studied using different approaches®** 2.
There are sparse data about gross tumor
volume (GTV) contouring using different
PET/CT thresholds correlated  with
pathologic examination. Different
institutions use varying methods to define
the PET volume; these include the halo
phenomenont*314, the absolute
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standardized uptake value (SUV)™ a
regressive SUV function threshold™™®, a
percentage of the maximum SUV intensity
levels %1 and a simply visual evaluation
of PET images ™. These methods have
demonstrated huge alterations in the target
volume between CT-based therapy
planning and PET/CT-based therapy
planning. Because of a lack of uniformity
in defining the PET tumor contours in the
published literature, interpretation of the
available data is difficult and leaves
clinicians uncertain as to how they should
incorporate PET into the therapy planning
process. Because of possible incomplete
tumor coverage, the 40%-of-maximum-
SUV concept did not appear generally
suitable for target volume delineation, and
the contrast-oriented methods for contour
definition showed more satisfactory results
(18] Other studies examined the impact of
varying the CT window and level
parameters and the PET intensity
thresholds on the radiologic tumor volumes
as compared with the measured diameter
on pathologic examination!*®!.

So the aim of this study is to determine the
best contouring method for the metabolic
tumor volume from PET/CT using
different absolute and relative SUV values
in correlation to the pathology.

MATERIALS AND METHODS:

Patients:

The institutional review board for Human
Research of the Chang Gung Memorial
Hospital (Taoyuan, Taiwan) approved the
study. All patients provided written
informed consent. The common eligibility
criteria were a histological diagnosis of
OSCC; previously untreated tumor

scheduled for radical surgery; no other
suspected distant metastatic  lesions
detected by imaging (including magnetic
resonance imaging/computed tomography
and FDG-PET); and a willingness to
undergo computed tomography-guided
biopsy or surgical exploration, if
necessary. The exclusion criteria included
the presence of fasting blood glucose
higher than 200 mg/dL, a previous
diagnosis of another malignancy, and/or
the refusal or inability to receive definitive
treatment for the disease.

All of the study participants underwent an
extensive preoperative evaluation,
including FDG-PET, within 2 weeks
before surgery. This included medical
history and complete physical examination,
flexible fiberopticpharyngoscopy,
complete blood count and routine blood
biochemistry panel, computed tomography
or magnetic resonance imaging scans of
the head and neck, chest radiography, bone
scan, and liver ultrasonography. Patient
staging was performed according to the
1997 American Joint Committee on Cancer
(AJCC), 5™ edition, staging criteria.

PET/CT imaging

Patients were asked to fast for at least 6
hours before the start of the PET study.
Serum glucose level was determined at the
time of intravenous injection of 370
MBq(10 mCi) of F-FDG. PET/CT
images were acquired using a combined
PET/CT scanner (Discovery ST 16, GE
Healthcare).  The  Discovery STE
PET(Advance NXi)/CT (Lightspeed 16 -
slice) scanner (GE Health Care) scanner is
a 24-ring Bismuth Germinate (BGO)
system with 15.7 cm axial field of view
(FOV) and 70 cm transaxial FOV. There
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are 560 BGO crystals in each ring.
Individual BGO crystals are 4.7 mm X 6.3
mm X 30 mm (tangential X axial X
radial). The DSTE is equipped with a
conventional collimator that contains 23
tungsten septa, one between each of the 24
detector rings, plus end-shielding. The
septa are 5.4 cm deep and 0.8 mm thick. In
addition to this conventional (2D)
collimator, two  specialized partial
collimators were constructed for the
DSTE. The two partial collimators had the
same geometry as the conventional 2D
collimator, but with only 11 septa (2.5D),
and seven septa (2.7D).

The data were transferred via the Digital
Imaging and Communications in Medicine
(DICOM) protocol to a processing
workstation (Siemens Syngo MI.PET/CT
2010A). The primary tumor volume was
measured  using a  semiautomatic
contouring software (Siemens TrueD,
Siemens Medical Solutions). The tumor
boundaries were identified and drawn
largely enough to include all the tumor
volume and carefully enough to exclude
areas of physiological uptake (Figure 1).
An isocontour connecting the outlines of
the volume of interest (VOI) was set using
different approaches, adopting a fixed
threshold fraction of the peak FDG uptake
in the tumor. The threshold level was
selected using different cutoff values for
the SUV (i.e. 2.5, 3.0, 3.5 and 4.0). In
addition, different fixed percentages of the
maximum SUV were used (i.e. 30%, 40%,
50%, 60% and 70% of the SUVmax). To
minimize the partial volume effect (PVE)
of the primary tumor volume, patients with
T1 disease were excluded.

Statistical analysis

Descriptive statistics were summarized
using frequencies, percentages, means *
standard deviations, or medians and
ranges, as appropriate.Because of its
skewed distribution, SUVmax was
compared in patients with different clinico-
pathological characteristics using the
Mann-Whitney U test (for two-group
comparison) or the Kruskal-Wallis test
(for three or more subgroups). Diameters
generated from different contouring
methods were compared to the diameter
generated from the fixed pathology
specimens using Pearson correlation
analysis. In all analyses, P values < 0.05
(two-tailed) were considered statistically
significant.

RESULTS:

General characteristics: A total of 134
consecutive patients with  previously
untreated OSCC were scheduled for radical
surgery between June 2006 and January
2008 at the Chang Gung Memorial
Hospital, Taiwan. The follow-up continued
until February 2010. Of the eligible
subjects, 8 patients were excluded due to
the presence T1 disease. Therefore, the
final study group consisted of 126 patients.
Most of the patients were in advanced
stage Ill and IV (Table 1). The pathologic
specimens revealed maximum axial tumor
diameter ranging from 1.0 — 8.0 cm
(median 3.0) with a mean of 3.0 £ 1.4 cm.
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Table 1: Pathologic staging of the study population
Character N %
Pathological TNM stage (AJCC 2002)
pStage Il 34 (27)
pStage 111 25 (19.8)
pStage IV 67 (53.2)
Pathologic T status
pT2 65 (51.6)
pT3 17 (13.5)
pT4 44 (34.9)
Pathologic N status
pNO 59 (46.8)
pN1 21 (16.7)
pN2b 39 (31)
pN2c 7 (5.6)

Delineation method: (Table 2) Of the
nine different PET volumes tested (i.e.,
MTVsuv 25, MTVsuy 30, MTVsuy 35,
MTVsuv 4.0, MTV300, MTVag%, MTVs00,
MTVs0%, MTV70%), an MTVsyy 30 Was

associated with the optimal correlation

between the maximum axial diameters
obtained using our delineation method
and the maximum axial diameters
calculated in  the pathological
specimens (Figure 2; R = 0.723; P <

0.001).

Table2:Pearson correlation analysis between the maximum axial pathological
diameter and the maximum axial diameters obtained from 9 contouring methods. Also
shown are values of the generated metabolic tumor volumes.

Contouring Method

Diameter MTV
Mean

+SD  Mean +SD R

Absolute threshold (SUV 2.5) 3.3
Absolute threshold (SUV 3.0) 3.1
Absolute threshold (SUV 3.5) 2.9
Absolute threshold (SUV 4.0) 2.8

Threshold (30%) 2.8
Threshold (40%) 2.5
Threshold (50%) 2.3
Threshold (60%) 1.9
Threshold (70%) 1.7

1.5 22.8 30.5 0.697
1.5 19.4 26.9 0.723"
1.5 16.4 23.9 0.718
1.5 14.5 21.7 0.701
1.2 14.0 14.0 0.701

1.2 9.9 15.2 0.684
1.1 6.9 10.7 0.670
1.1 4.4 6.4 0.693
1.1 2.6 3.5 0.674

All methods show statistical significance.

“ Best correlation
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Identify Tumor in all planes

Set Volume of Interest
Set absolute SUV 2.5
isocontour

Repeat for SUV 3, 3.5 & 4

Set isocontour threshold of 30%
Repeat for 40%, 50%, 60% &
70%

For each tumor: 9 volumes
Each volume:

e 3 dimensions (X.Y,Z)
Pathology: (X, Y, Z2)

Best correlation

Figure 1: Schematic illustration of the delineation process of the metabolic tumor

volume in 126 patients with oral cavity squamous cell carcinoma.

Pathologic tumor diameter

oW B O o~ O

Primary tumor diameter at absolute SUV 3.0

Figure 2: Scatter plots for the relation between maximum pathologic axial diameter

of the fixed primary tumor and the diameter derived from tumor delineation using

absolute SUV value of 3.0 (R =0.713; P <0.001).
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Metabolic tumor volume: Primary
tumor SUVmax ranged from 3.7 to
31.8 (median: 13.7). The primary
tumor volume at absolute SUV 3.0
ranged from 0.44 to 202.4 ml. The
small PET volumes were due to tumors
with low FDG avidity, making the
delineated tumor volume small. Out of
the study population, 5 patients had
MTV < 1 ml. Their primary tumor
average SUV was < 4.0.

DISCUSSION:

Targeting the tumor using PET/CT
images has refined the radiotherapy
planning process far more than
depending on  the  anatomical
information from CT alone. Because
the pathologic T-stage is not
representative of the three-dimensional
tumor volume, it can be expected that
tumor burden, measured by a three-
dimensional volumetric method, may
be more reliable for the assessment of
tumor extent, and serve as a better
independent prognostic factor than pT
stage!*®!.

The tumor volume, although labor-
intensive, can be measured by CT and
MRI, and found to correlate well with
the treatment outcomes in some head
and neck cancers?> #. In PET/CT, the

high tumor to background ratio

(contrast resolution) makes it easier to
measure MTV 1?2,

Different methods for contouring the
PET volumes have been proposed but
hampered by the difficulty of
pathological  validation of these
methodst" *2. Tumor geometry, tissue
retraction and tumor heterogeneity are
the main obstacles for full pathological

volume estimationt®!,

In this work, the best contouring
method was selected based on the best
correlation between the maximum
axial diameter in the pathology
specimen and the corresponding
diameter obtained from different
contouring methods. The absolute
threshold based on SUVmax 3 gave
the best correlation for the primary
tumor, whereas Baek et al. have
previously found that absolute
threshold (SUVmax 3.5) could predict
the pathological volume in two groups
of oral cavity cancer patients (with and
without dental artifacts). It was
reported that dental artifacts might
increase the uptake in CT corrected
images and cause elevation of the
SUV? That might partially explain
why our threshold for volume

assessment was less. In addition, the
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number of patients with locally

(n =10) in their study was far less than
in the current study. It worth noting
that a detailed description of the
pathological  methods used to
overcome tissue retraction was not

described in that work.

Seitz et al. prospectively used a cut-off
value of 3.5 to delineate the tumor in
66 patients with oropharyngeal and
oral cavity SCC. The pathological
volume was  determined from
visualization of gross tumor infiltration
in the fresh specimens, which were
collected en-bloc in the operation room
and were placed in a polystyrene cast
marked longitudinally in the three
dimensions and filled with gelatin
solution in order to avoid shrinkage of
the specimen. They found no
differences between PET/CT and MRI
regarding the diagnostic
performance’. It is known that higher
thresholds  will result in smaller
volumes, that may explain the higher
SUV cut-off value especially if we
know that their study included only 20
patients with advanced local disease.
Whether or not the application of
different threshold for each cancer
stage will give better correlation with

the pathologic specimen needs further

advanced tumor

evaluation. Furthermore, Daisne et al
compared CT, MRI, and FDG PET for
delineation of tumor volume in
pharyngolaryngeal SCC, with the
results validated by surgical specimen
fixed by non-retratction methods. They
indicated that FDG PET was the most
accurate modality for measuring tumor
volume!®®  They  developed a
customized home-made segmentation
algorithm to delineate the tumor
volume automatically based on the
measured signal-to-noise ratio
(28] Their methods may make it
difficult to compare their work to

others.

In conclusion, thresholding method
with absolute SUV value of 3.0 might
represent an optimum correlation with
the pathologic specimens from oral
cancers. However, further validation of
these results using non-retractile
volumetric pathologic fixation methods

is warranted.
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