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INTRODUCTION & OBJECTIVES

Intratumoral heterogeneity fosters therapeutic resistance that
causes treatment failure 1. Using serial FDG-PET/CT imaging
feedback 2 has been suggested to assess intratumoral dose
response and used to guide adaptive dose painting by number
(DPbN) 3.4, i.e. prescribing and delivering a nonuniform dose to the
target. Previous studies have demonstrated the clinical feasibility
and the possibility of improving the therapeutic ratio using DPbN 58,
However, the PET imaging and processing induced uncertainty on
guantitative response assessment, particular at the tumor voxel-
level, remain largely unknown and need to be determined for the
reliable implementation of tumor response guided adaptive DPbN.

One of the major uncertainties is partial volume effect (PVE) caused
by the limited spatial resolution of the imaging system and the
relatively small scale of tumor morphology/biology spatial
heterogeneity. This study aim to investigate the impacts of PVE on
tumor voxel dose response assessed using serial FDG-PET/CT
imaging feedback.

MATERIALS & METHOD

FDG-PET/CT images were obtained at pretreatment and weekly
during chemoradiotherapy of 30 head and neck cancer patients.
PET images were reconstructed using blob-ordered-subsets time-
of-flight algorithm with a voxel size of 4x4x4 mm3.

Two iteratively deconvolution-based PVE correction algorithms,
Richardson-Lucy (RL) 7 and reblurred Van-Citter (VC) &, were
applied on each PET image with different full width at half maximum
(FWHM), respectively. For each patient, the weekly PET/CT images
were registered to the pretreatment PET/CT image voxel-by-voxel to
construct a tumor voxel dose response matrix (DRM). The DRM
value represents the average metabolic change ratio, used as a
surrogate of cell killing and growth ratio in the tumor voxel during
the treatment; 0 < DRM < 1 implies that cell killing in the voxel is
bigger than tumor growth, otherwise = 1.

Resistant subvolume (RV)s = {v | DRM(v) 2 a -SUV,(v)° + c} were
calculated with and without PVE correction respectively and used to
predict local tumor failure/control using Receiver operating
characteristic (ROC) test. The true positive/negative is defined as a
tumor will recur/control locally if its has an RV larger/smaller than a
cutoff. The parameters a, b and ¢ were determined by maximizing
the area under the curve (AUC). The mean and standard deviation
(SD) of tumor voxel SUV, and DRM discrepancies induced by PVE
correction were also calculated on individual tumors.
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Figure 1 (a) an illustration of DRM construction for a tumor voxel; (b) and (c)
illustrations of the RV, defined on the tumor voxel (SUV,, DRM) domain, for a local
control and a failure tumor, respectively. The red dashed line show the resulting
function of DRM(v) = a -SUV,(v)® + ¢
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Figure 2 (a) and (b) histograms of the tumor voxel SUV, and DRM discrepancies that
calculated without vs with using the RL PVE correction algorithm as well as the
discrepancies calculated using the RL vs VC correction algorithms; (¢) and (d)
histograms of the tumor voxel SUV,, and DRM discrepancies that calculated without
vs with different PVE correction algorithms/FWHMs (bin size = 1%)

CONCLUSIONS

Table 1 Predictive value of the RVs and the tumor volume on local tumor failure
or control (5 of the 30 patients had experienced biosy-proven local failure. The
median followup time was 22.5 (7 ~ 52) months)

_-- Sensitivity | Specificity | Cutoff (cc)
RV-PVC 0.96 <0.001 0.96 0.38
RV-Non PVC 0.96

0.72

< 0.001 1.0
0.066 1.0

0.96
0.52

0.19

Tumor Volume 32.32
AUC = area under the curve; p was calculated using the Mann-Whitney U-test
(null hypothesis: AUC = 0.5); tumor volume was defined on the pretreatment
PET/CT image; RV-PVC and RV-Non PVC are the resistant sub-volumes that
calculated with and without partial volume correction, respectively
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Figure 3 (a) and (b) the SUV, calculated without and with

SUV and DRM distributions, with and without PVE correction, as well as the
distributions of the discrepancy for a tumor with large heterogeneous FDG
uptake

Local tumor failure/control could be equally well predicted with using FDG-PET/CT imaging feedback with or without PVC. However, discrepancies of 9.3% and 8.8% (1 SD)
for tumor voxel baseline SUV measurements and dose response DRM quantification were identified. This could imply the reliability of the prediction method needs more

clinical followup to confirm.
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