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Abstract
Background and purpose—PET imaging with 18F-fluorothymidine (18F-FLT) can potentially
be used to identify tumour subvolumes for selective dose escalation in radiation therapy. The
purpose of this study is to analyse the co-localization of intratumoural patterns of cell proliferation
with 18F-FLT tracer uptake.

Materials and methods—Mice bearing FaDu or SQ20B xenograft tumours were injected
with 18F-FLT, and bromodeoxyuridine (proliferation marker). Ex vivo images of the spatial
pattern of intratumoural 18F-FLT uptake and that of bromodeoxyuridine DNA incorporation were
obtained from thin tumour tissue sections. These images were segmented by thresholding and
relative operating characteristic (ROC) curves and Dice similarity indices were evaluated.

Results—The thresholds at which maximum overlap occurred between FLT-segmented areas
and areas of active cell proliferation were significantly different for the two xenograft tumour
models, whereas the median Dice values were not. However, ROC analysis indicated that
segmented FLT images were more specific at detecting the proliferation pattern in FaDu tumours
than in SQ20B tumours.

Conclusion—Highly dispersed patterns of cell proliferation observed in certain tumours can
affect the perceived spatial concordance between the spatial pattern of 18F-FLT uptake and that of
cell proliferation even when a high-resolution ex vivo autoradiography imaging is used for 18F-
FLT imaging.
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It has been shown that escalation beyond current prescribed doses could increase tumour
control in head and neck patients treated with radiotherapy [1]. In order to avoid the normal
tissue complications associated with higher doses, treatment adaptation based on PET
imaging has been proposed where only tumour subvolumes that are characterized by active
cell proliferation and are at high risk for recurrence are receiving escalated doses [2–4].
Histopathological validation is one of the ways to demonstrate that the investigated PET
images correctly identify these regions of interest, e.g. characterized by active cell
proliferation. Using ex vivo imaging of tumour tissue sections it is possible to obtain images
of the intratumoural distribution of PET tracer and compare them to images of specific
molecular markers indicative of the targeted biological pathway. Establishing spatial
concordance between these two images provides the experimental confirmation that the
spatial pattern of the intratumoural PET tracer distribution correctly represents the spatial
pattern of the underlying targeted biological features.

3′-deoxy-3′-18F-fluorothymidine (18F-FLT) is currently under consideration as a diagnostic
non-invasive imaging marker of tumour cell proliferation, among other tracers (e.g. 11C-
methyl thymidine, 1-(2′-Deoxy-2′-18F-1-β-D-arabinofuranosyl)-thymine, 1-(2′-
Deoxy-2′-18F-1-β-D-arabinofuranosyl-uracyl)-bromouracil). It was suggested that 18F-FLT
PET imaging can be used for image-guided treatment adaptation, since it is a sensitive
indicator of early tumour response [3,5]. In vitro validation of this compound has been
performed for multiple cancer cell lines, demonstrating its specific uptake in proliferating
cells [6]. In vivo studies using both experimental tumour models and patient tumour
specimens have demonstrated that 18F-FLT uptake by the tumour as a whole (i.e. maximum
or average SUV) correlates well with the labelling index of specific proliferation markers
(i.e. Ki-67 labelling index) [7,8]. However, the methodology utilized in these validation
studies does not evaluate the spatial co-localization of the pattern of PET tracer uptake with
that of biological markers of cell proliferation. Up to date, there are no published data
verifying the spatial concordance between intratumoural distribution of 18F-FLT uptake and
the pattern of tumour cell proliferation.

Previous histopathological validation studies that sought to demonstrate the co-localization
between intratumoural PET tracer uptake and tumour microenvironmental markers used thin
tissue autoradiography and microscopy to image the tumour microenvironment. The
resulting images were co-registered and pixel-by-pixel intensity correlation analysis was
employed to obtain global indicators of spatial co-localization (e.g. Pearson coefficient)
between the grayscale intensities in the image-pairs [9–14]. However, this type of analysis is
sensitive to many factors that could significantly influence the results. Depending on the
ratio of the size of the pixels and the inherent resolution of 18F autoradiography [15–17],
local spatial autocorrelation between adjacent autoradiography pixels may occur,
invalidating the Pearson correlation assumption of independence between individual pixel
values. In addition, the Pearson correlation coefficient is highly sensitive to the presence of
noise and non-specific staining/uptake in both considered images (autoradiography and
microscopy) [18]. Furthermore, while phosphor plate autoradiography is characterized by
linear response over a wide range of signal intensities, the response of the immuno-
histochemical microscopic imaging is generally non-linear. Therefore, the Pearson
correlation coefficient, which tests the strength of a linear functional relationship between
the pixel intensities of two co-registered images, may not be the optimal way to measure the
spatial co-localization of these two signals.

Threshold-based approaches provide an alternative and more intuitive approach to analysing
the spatial concordance between the pattern of 18F-FLT PET tracer uptake and the pattern of
cell proliferation in images from thin tissue specimens. Overlap analysis metrics such as the
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Dice coefficient and ROC analysis can be used to assess the spatial concordance of the
segmented autoradiography and microscopy images.

The goal of this study was to investigate the spatial concordance between the pattern of
intratumoural uptake 18F-FLT and the spatial distribution of cell proliferation markers using
tumour tissue obtained from small animal xenograft tumour models, and threshold-based
image analysis.

Materials and methods
Animal and tumour models

Human head and neck squamous cancer cells were used to establish tumour xenografts in
male athymic mice (NCr-nu/nu, National Cancer Institute), from bilateral flank
subcutaneous inoculation of 5×105 cells/site. Tumour growth was assessed by calliper
measurements and recorded every other day. Animal maintenance and all experimental
procedures were carried out according to the protocol approved by the local Institutional
Animal Care and Use Committee at Virginia Commonwealth University.

Radiotracer synthesis
18F-FLT was produced by the Centre of Molecular Imaging, Virginia Commonwealth
University (Richmond, VA). The synthesis followed an established protocol, utilizing 5′-
benzoyl-2,3′-anhydrothymidine as a precursor [19,20].

Experimental design
A detailed description of the experimental procedures used in this study was presented
before [21]. Briefly, 80 minutes before planned animal sacrifice a bolus injection containing
Hoechst 33342 (Sigma-Aldrich, St. Louis, MO) 0.4 mg/20 g mouse, and 37 MBq 18F-FLT
was administered by tail-vein injection, followed by two consecutive intraperitoneal
injections of bromodeoxyuridine (Sigma-Aldrich, St. Louis, MO) 15 mg/20g mouse, at 50
and at 30 minutes before the animal sacrifice [11]. After sacrifice, the tumours were excised,
frozen, and embedded in Tissue-Tek OCT (Sakura Finetek, Japan). From each tumour
specimen, several stacks of consecutive 8 μm thick tissue sections were obtained.

Using one tumour tissue section selected from each stack, phosphor plate autoradiography
was utilized to image the intratumoural distribution of 18F-FLT [9,22]. The tissue sections
were not rinsed previous to the 4 hour exposure at room temperature. 14C standards
(American Radiolabeled Chemicals, Inc., St.Louis, Missouri) were simultaneously exposed
with the tissue sections. The autoradiography images were digitized at 25 microns per pixel
and image intensity values were converted to actual activity (Bq/mm2).

BrdU uptake was detected on tumour sections after DNA denaturation, by treating the tissue
with mouse anti-BrdU monoclonal antibody labelled with Alexa Fluor 594 (Invitrogen)
diluted 1:20 in buffer solution. Following immuno-histochemical processing of the tissue
sections using the Discovery XT system (Ventana Medical Systems, Inc.), BrdU images of
cell proliferation were acquired with fluorescence microscopy (Fig. 1). Routine Mayer’s
haematoxylin and eosin (H&E) stain was conducted and images were also acquired. All
microscopy images were acquired at 20X magnification using a motorized research
Olympus BX61 microscope, connected to X-Cite 120PC fluorescence illumination system
for immunofluorescence imaging, and an Applied Imaging SL50 automatic microscope slide
loader. The automated tiled image acquisition and reconstruction process was controlled
through the Ariol software (Genetix, San Jose, CA).
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Image processing
The autoradiography and microscopy images were co-registered using a combination of
deformable and rigid registration as presented before [21], with an overall registration error
of less than 45 μm.

To define the regions of interest, viable tissue masks were obtained from H&E images (Fig
2). First, any non-tumour tissue (muscle, lymphatic tissue) and specimen edges were
removed using Photoshop CS4 Extended (Adobe, San Jose, California). These corrected
H&E images were processed in MATLAB R2010a (MathWorks), and utilizing colour
segmentation and morphological processing, the viable tissue masks were obtained.

To minimize the effect of residual registration misalignments, the autoradiography images
were rebinned to 50 μm per pixel, utilizing the mean intensity value for the resulting pixels.
A different approach was adopted for the rebinning of proliferation images. In the first step,
all non-specific staining that occurred in necrotic parts of the tissue was masked out using
the viable tissue mask. In the second step, the corrected images were segmented utilizing a
local Otsu thresholding method [23,24]. The resulting mask was used to remove all low-
intensity non-specific staining inside the viable tissue, obtaining corrected images of cell
proliferation. Since the viable tissue masks were obtained from different (albeit adjacent)
tissue sections, manual removal of any remaining high-intensity staining artefacts was
performed. In a final step, a global Otsu threshold was applied to the corrected cell
proliferation images to obtain only true positive areas of BrdU staining [25]. The resulting
binary image was rebinned to 50 μm pixel size, so that the value assigned to each pixel
represented the fraction of its area that was positively stained. The resulting image will be
referred to as the proliferative cell density image throughout the rest of the study. To
preserve consistency in the analysis of the regions of interest, the viable tissue masks were
also rebinned to 50 μm per pixel.

Image analysis and statistical evaluation
For the purpose of image analysis, the BrdU-based proliferative cell density images obtained
as described above were used to establish the ground truth images of cell proliferation.
Specifically, a proliferative cell density was chosen such that the truth set was sensitive
enough to include the majority of BrdU positive cells. Therefore, if the 50-by-50 μm unit
area contained more than 1% stained surface it was considered a positive. The resulting
binary image was defined as the truth set (T).

An instance of the measurement set (M) was obtained by thresholding the FLT
autoradiography image. By varying the threshold values from the minimum to the maximum
autoradiography intensity levels, a range of measurement sets was obtained. The overlap
between the truth set and the measurement sets was analysed as the function of the threshold
value. For each FLT threshold value, the following intersection sets were calculated: the true
positive set (TP = T ∩ M ), the true negative set (TN = T̄ ∩ M̄), the false positive set (FP = T̄
∩ M̄), and the false negative set (FN = T̄ ∩ M̄). Using these intersection sets, the Dice
coefficient D was calculated [26,27]:

Relative Operating Characteristic (ROC) curve analysis [28] was also carried out. This
classic test of diagnostic accuracy was adapted to investigate the reciprocal relationship
between the sensitivity and specificity of FLT segmentation correctly classifying the pixels
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where active cell proliferation occurred. The ROC graph depicts on the y-axis the ratio
between the number of correctly classified pixels and total number of pixels for each
instance of the measurement set, also called sensitivity (or recall):

The x-axis indicates the ratio between incorrectly classified pixels and the total number of
pixels, also mentioned as 1-Specificity (or false positive rate):

To compare the relative efficacy of this classification method for different scenarios, the
area under the curve (AUC) was obtained. The AUC represents a significant single-value
indicator of the expected performance of segmented FLT images correctly representing the
spatial distribution of BrdU positive cells.

While 18F autoradiography is characterized by high imaging spatial resolution, it is
nevertheless significantly lower than the resolution necessary to resolve microscopic details
such as those encountered in the BrdU uptake images. Therefore, partial volume effect
results in lowering of the signal and spilling it over into the adjacent regions in the image.
To study the influence of image resolution-induced effects on the spatial concordance
results, the BrdU images were blurred with a 300 μm Gaussian filter as to create simulated
autoradiography images. The size of the blurring kernel was an estimate of the 18F positron
autoradiography resolution when imaging with phosphor plates, based on existing literature
[15,17,29]. Subsequently, these simulated BrdU autoradiography images were segmented as
in the case of the FLT autoradiography, and used to obtain measurement sets in the
threshold-based image analysis as described before.

All statistical tests were done utilizing the Statistical Toolbox offered within the MATLAB
R2010a (MathWorks) package. Since the data samples were small (8 FaDu tumours, 7
SQ20B tumours), normality of the data could not be clearly demonstrated. Therefore, non-
parametric hypothesis testing was utilized, specifically the two-sided rank sum test (Mann-
Whitney U test). A P value less than or equal to 0.05 was considered statistically significant.

Results
Tumour characteristics

Whereas both investigated tumour lines were human squamous head and neck cancers, they
expressed different rates and patterns of growth (Fig. 1). FaDu, a human hypopharyngeal
cell line produced tumours at least twice as fast as SQ20B (laryngeal origin) for the same
calliper-measured volume. Both tumour models present heterogeneous pattern of BrdU
DNA incorporation across the tumour section, with higher uptake generally adjacent to well
vascularized areas.

ROC analysis
The ROC analysis consists of a two-dimensional representation of classifier performance
(FLT-positive pixel correctly classifying BrdU positive pixel) and is visualized within the
unit square (Fig. 3). Therefore, the AUC values were between 0 and 1, with values closer to
unity indicating a greater accuracy of the classification method. For FaDu tumours, the
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median value for the AUC was 0.74 with a range of 0.55–0.84, while for SQ20B tumours
the AUC median value was 0.51 with a range of 0.42–0.69. The difference in medians was
significant at 5% level. Higher values of the AUC provide direct evidence of the spatial
concordance between the areas of increased activity in the FLT autoradiograms and the
areas of increased proliferative cell density.

A sensitivity analysis was also conducted where the variation of the ROC curves and AUC
values was assessed as a function of the threshold value applied to obtain the truth set.
Therefore, the measurement sets were compared against more conservative truth sets. These
sets were obtained by increasing the minimum proliferative cell density value above which
the resulting pixel in the truth set was positive (10% vs. 1%). For FaDu tumours, the new
median AUC value was 0.73 with a range of 0.5–0.84, not significantly different from the
original value. Similarly, for SQ20B tumours, the new median AUC value of 0.48 (0.41–
0.6), was not significantly different from the value calculated for 1% proliferative cell
density. The AUC values were still significantly different between the two tumour lines.

Dice coefficient analysis
For each FLT threshold level, a Dice coefficient value was calculated (Fig. 4). The Dice
coefficient values indicated the fractional amount of overlap between the segmented FLT
area and the BrdU truth set. For FaDu tumours, the median value for the maximum Dice
coefficient was 0.61 (range: 0.26–0.77), while for SQ20B it was 0.55 (range: 0.44–0.69).
The difference in median values was not statistically significant at 5% level (P value = 0.31).
A significant difference between the median values of the FLT thresholds at which the
maximum Dice coefficient occurred was recorded. For FaDu tumours, it was 38.5%, while
for SQ20B tumours it was 7%. As for ROC analysis, the sensitivity of overlap analysis as a
function of the proliferative cell density threshold value was assessed. Using a more
conservative truth set, the maximum overlap decreased, as indicated by a median Dice value
of 0.38 for FaDu tumours and 0.16 for SQ20B tumours. The difference in median threshold
value at which maximum overlap occurred remained statistically significant between the two
tumour lines, 57% for FaDu tumours, and 24% for SQ20B tumours.

Effect of autoradiography resolution
To study how finite imaging resolution-blurring present in autoradiography images affects
the results of the analyses presented above, the BrdU microscopy images were convolved
with a Gaussian kernel of the same size as the estimated resolution of 18F autoradiography.
These blurred BrdU images were used to create the measurement sets, while the high-
resolution BrdU images were used to determine the truth set. Whereas there was perfect
spatial co-localization between the images used to produce the two sets analysed, the ROC
analysis indicated less than perfect spatial concordance between blurred BrdU and
proliferative cell density images (Fig. 5). FaDu models presented a median AUC of 0.92
(0.82–0.95), while for the SQ20B tumours the AUC was 0.7 (0.55–0.82). In addition, the
overlap analysis indicated that the median value for the maximum Dice coefficient was 0.77
(0.59–0.85) for FaDu tumours and 0.61 (0.49–0.72) for SQ20B tumours.

Discussion
The spatial concordance between intratumoural FLT uptake and the distribution of cell
proliferation markers was studied using small animal xenograft tumours representative of
human squamous head and neck cancers. The results presented here complement those of
previous studies in which 18F-FLT was investigated as a tracer for PET imaging of cell
proliferation without addressing the issue of spatial correspondence between the patterns of
FLT uptake and cellular proliferation [30–34]. While less important for many diagnostic
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applications of FLT PET imaging, the issue of spatial concordance is of utmost importance
in radiation oncology treatment planning, where the pattern of uptake of the PET tracer
could potentially determine the radiation dose distribution used to treat a patient.

Experimental setup
Some of the experimental details need further discussion. In this study, automated immuno-
histopathological processing of the tissue and standardized image acquisition protocols
allowed consistent results in obtaining the microscopy images. The necessary confidence in
the BrdU-defined truth set definition was further ensured by careful examination and
correction of staining artefacts if or when present. In addition, Otsu thresholding has been
shown to be one of the most efficient algorithms for segmentation of fluorescent images
[23]. As for the sensitivity of the BrdU-defined truth set to the proliferative cell density
value used to define the truth set, a preliminary analysis was conducted. ROC analysis
results were not significantly different, indicating that the specificity of FLT segmentation
was consistent in classifying the active proliferation areas indicated by more conservative
truth sets. The overlap analysis indicated the expected results for a gradual decrease in
extent of the BrdU-defined truth set. This study was based on observations from two tumour
lines, utilizing specimens from 15 tumours total. By expanding the study to include more
tumours specimens and other cell lines, will allow for further evaluation of FLT images as
indicators for determining the spatial distribution of cell proliferation.

FLT for imaging spatial pattern of cell proliferation in FaDu and SQ20B tumours
FLT autoradiography segmentation was the investigated method to retrieve the spatial
pattern of cell proliferation. As pointed out by the ROC analysis of FaDu tumour data, the
median AUC value of 0.74 indicated good sensitivity and specificity of the method. In
addition, this finding indicates that FLT high-uptake regions in the FaDu tumours are
spatially concordant with areas of increased proliferation. Dice coefficient values varied
across the range of FLT threshold values selected for particular instances of the
measurement sets. The presence of a peak Dice value revealed that there were FLT threshold
values for which there was a maximum amount of overlap between the thresholded FLT
image and the BrdU-defined truth set. For FaDu tumours, this was achieved at a median
threshold value of 38.5%. The fact that the maximum Dice value was not unity (median
value: 0.61) is a direct consequence of the truth set being a subset of the investigated region
of interest.

For the SQ20B tumours, the maximum amount of overlap between FLT-segmented areas
and the truth set was similar, as indicated in the median value of the Dice coefficient (0.55).
While not significantly different from FaDu data, these values consistently occurred for very
low FLT threshold values (median of 7%). This indicates that for SQ20B tumours, FLT-
segmented areas include a maximum amount of the truth set only when the majority of the
intensity values were included into the segmented set. Since it is expected that higher
intensity values be co-localized with the areas of active proliferation, this result provides
direct evidence of the lack of specificity in retrieving the spatial pattern of cell proliferation.
ROC analysis also supported this finding, where the median AUC value was 0.51. The low
AUC value (representative of random chance in ROC analysis) indicates that for this tumour
type, the areas of increased FLT uptake were not spatially concordant with the areas of
increased proliferation.

Tumour morphology
The results obtained for SQ20B tumour model were unexpected. The experimental
methodology was identical for the both head-and-neck tumour models studied. The only
fundamental difference between them, that could explain the observed differences, was in
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their pattern of growth and the resulting distribution of microenvironmental features. The
faster growing FaDu tumours, presented a highly compartmentalized spatial pattern of cell
proliferation (Fig. 1). There was uniform BrdU uptake all throughout the well-vascularized
area, creating a proliferating rim surrounding hypoxic and necrotic tumour regions. A slow,
lobular type of growth induced a dispersed uptake pattern of BrdU in the SQ20B models.

Imaging resolution
Since the microscopic features observed in the cell proliferation images were smaller than
the autoradiography resolution, it was necessary to investigate the direct effect of finite
imaging resolution on the spatial concordance results. This was done with the aid of the
BrdU images blurred with the kernel simulating the resolution limitation of autoradiography
images. Thresholding of the blurred BrdU image was less specific at retrieving the spatial
pattern of original BrdU staining distribution in SQ20B tumour xenografts, than in the FaDu
tumours (Fig. 5). Since the same blurring kernel was applied to both tumour models, this
effect could only be caused by the degree of heterogeneity in the spatial distribution of cell
proliferation. The SQ20B tumour models had a more dispersed distribution of proliferation
markers. Correspondingly, blurring affected these tumours more so than the FaDu tumours,
which had a more compartmentalized distribution of cell proliferation. For the latter tumour
model, the typical size of the actively proliferating “compartments” was similar or larger
than the resolution of autoradiography, therefore blurring did not affect their general spatial
distribution. On the other hand, for the SQ20B model, there was no clear
compartmentalization of proliferation. After blurring, the typical size of the observed
features was significantly larger than of those seen in the original BrdU microscopy image.

FLT-based delineation of actively proliferating tumour subvolumes
When applying the tumour-specific median value for the FLT threshold that produced the
maximum overlap between areas of increased proliferation and segmented FLT area, the
results were indicative of the difference between the two tumour lines. As emphasized with
the blue contour line (Fig. 6), the regions delineated on SQ20B tumours coincided with the
whole tissue section area in the majority of cases, while for the FaDu tumours the actively
proliferating “compartment” was correctly delineated. To visualize the possibility of
misinterpretation of segmented FLT regions, the 50% of maximum intensity threshold value
was utilized for images from both tumour lines (red contour, Fig. 6), as a global threshold
that is commonly utilized for FLT PET segmentation [35,36]. There were distinct areas
delineated in both tumour images. This threshold value resulted in segmented areas that
were more conservative, but which were still spatially concordant with areas of increased
cell proliferation in FaDu tumours. At the same time, the segmented areas significantly
underestimated the extent of the cell proliferation in the SQ20B tumours.

Spatial concordance of FLT uptake and cell proliferation
As illustrated by the xenograft tumour data presented above, tissue morphology and the
resulting spatial heterogeneity of cell proliferation, together with imaging resolution,
significantly affect the feasibility of using 18F-FLT images to specifically predict the spatial
distribution of cell proliferation, as imaged with BrdU. This directly affected the study
conclusions about the generality of FLT spatial concordance with cell proliferation. While
for FaDu tumours spatial concordance was clearly supported by the data acquired, the same
cannot be said about SQ20B tumours. However, this does not imply that there is no spatial
concordance between FLT uptake and cell proliferation in the both tumour models at a
cellular level. The experiment with the blurred BrdU imaged confirmed that the spatial
concordance analysis for SQ20B tumours is inconclusive due to the mentioned combined
effect of imaging resolution and spatial proliferation pattern heterogeneity.
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In this study, autoradiography images were utilized for delineation of distinct tumour
subvolumes of increased cell proliferation. The results indicate the difficulties in this process
present even when utilizing autoradiography imaging, which is characterised by the
resolution superior to that of any small-animal PET or clinical PET scanners. In PET
imaging, the averaging effect induced by positron travel alone can significantly reduce the
ability of FLT uptake images to correctly reproduce any map of cell proliferation. It seems
that as long as the compartmentalization of the tumour microenvironment presents features
that can be resolved with the employed imaging modality, subvolume delineation is feasible.
This hypothesis agrees to other studies investigating the ability of 18F-FDG [37] or 18F-
FAZA [16] to reproduce the intratumoural distribution of their intended biological target.
Further studies of the spatial concordance between the intratumoural pattern of FLT uptake
and the spatial distribution of cell proliferation in human pathological samples could
elucidate the situations in which imaging with this particular tracer could provide useful
information on the spatial distribution of actively proliferating cells.

Conclusion
Within the limitations of the study, we demonstrated that the spatial heterogeneity of the cell
proliferation combined with autoradiography resolution significantly affects the feasibility
of establishing spatial concordance between the images of FLT uptake and the pattern of the
intratumoural cancer cell proliferation. While the spatial concordance between the
autoradiography image of FLT and the pattern of cell proliferation was established for FaDu
tumours, for the SQ20B tumours, the results were confounded by the finite resolution of
autoradiography, which could not resolve the microscopic details of the distribution of cell
proliferation.
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Figure 1.
Representative microscopy images sets for the two tumour models used in this study. Top
row shows images of blood flow and cell proliferation. Bottom row shows corresponding
H&E image.
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Figure 2.
Viable tissue (shown in white) and necrotic areas (shown in grey) obtained from H&E
images. Only the viable tissue is utilized for analysis.
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Figure 3.
Examples of ROC curve analysis for utilizing segmented FLT images to predict the spatial
distribution of cell proliferation. Presented results were representative of the two tumour
specimens presented in figure 2 (AUCFaDu = 0.73; AUCSQ20B = 0.52). The diagonal dashed
line (AUC = 0.5) represents the random chance line.

Axente et al. Page 14

Radiother Oncol. Author manuscript; available in PMC 2013 October 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 4.
Dice overlap analysis. Presented results were representative of the two tumour specimens
presented in figure 2 (DICEFaDu = 0.69; DICESQ20B = 0.55). Arrows indicate FLT threshold
level for which the maximum Dice coefficient was calculated for the selected tumour
sections.
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Figure 5.
ROC and Dice analysis of blurred BrdU image vs. BrdU-derived truth set: top panel ROC
analysis (AUCFaDu = 0.86, AUCSQ20B = 0.59), bottom panel Dice coefficients vs. threshold
levels of blurred BrdU image. Arrows point to the threshold values at which the maximum
Dice coefficient occurs (DICEFaDu = 0.79, DICESQ20B = 0.56).
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Figure 6.
Tumour subvolumes delineated based on thresholding 18F-FLT autoradiography. FLT
threshold contour (iso-intensity) lines were then superimposed on BrdU microscopy images.
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