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key issue in radiotherapy treatment planning (RTP) is how to deliver the

adiation dose to cancer regions reducing the dose to healthy tissues.

The concept of planning target volumes (PTV) has been proposed by the

International Commission on Radiation Units and Measurements (1) and it
has been accepted and used in RTP.

Over the past few decades, advances in hardware technologies have resulted
in high-precision techniques such as conformal and intensity-modulated
radiotherapy (IMRT). These techniques utilize non-invasive imaging to
plan the radiotherapy treatment improving the relationship between
the dose required to achieve local control and the expected treatment-
related complications. Nevertheless, hardware precision in the radiation
dose delivery is still greater than the software precision in target volume
delineation. For this reason, target volume definition is recognized to be one
of the most significant geometric uncertainties in RTP.

Computed tomography (CT) is the current standard imaging modality for
RTP because it provides electron density information that is fundamental
for planning algorithms. However, CT is not always the best modality to
identify the target volume because it is limited to discriminate between the
tumour and adjacent soft tissues. Magnetic Resonance (MR) provides several
advantages over CT, including high quality detailed images, excellent soft-
tissue contrast, and the ability to distinguish between post-treatment fibrosis
and tumour recurrence. On the other hand, CT attenuation maps are not
available in MR and geometric distortion could be manifested due to the
static magnetic field non-uniformities.

The integration of Positron Emission Tomography (PET) datasets in RTP
may add another layer of sophistication in PTV definition: metabolic volume
could be used to provide additional and complementary information with
respect to anatomical imaging useful for treating the cancer region more
preciselyand to reduce any uncertainty and inter-and intra-observer variability
in defining target volumes (2). PET imaging has been shown to decrease PTV
reducing toxicity with the same radiation dose or enabling radiation dose
escalation with the same toxicity (3). The “Biological Tumor Volume” (BTV)
separates the tumour according to its biological activity. Accurate BTV
definition is essential for escalating the radiation dose without increasing
normal tissue injury. In addition, PET imaging has an enormous potential
to improve patient management providing an in vivo measurement of the
cancer’s biological processes (4). Metabolic changes are often faster and more
indicative of the treatment effects than anatomical changes, providing a more
rapid method to detect the therapy response. For this reason, PET imaging
is being increasingly used for quantitative assessment of therapy response
and for clinical trials of novel cancer therapies. Maximum Standardized
Uptake Value (SUV) has been the first parameter introduced for PET study
evaluation. It provides the highest uptake value inside the cancer region.
Nevertheless, this value doesn’t provide any information about the cancer
extension. Other quantitative parameters have been introduced, such as the
BTV and the tumour lesion glycolysis (TLG) (5). TLG is able to provide
both volumetric and metabolic information. It is calculated performing the
multiplication of the mean SUV with the BTV value. For this reason, the
identification of accurate and operator independent BTV segmentation
algorithms is also mandatory to obtain accurate and reproducible PET
parameters.

However, due to the nature of PET technique, the BTV varies substantially

depending on the method used to delineate PET regions. BTV segmentation
is a critical task due to lack of consistency in cancer contours, low resolution
and high level of noise in PET imaging. The choice of a standard algorithm
for BTV contouring is a very challenging yet unresolved step. Manual
contouring is still extensively used in clinical environment, but it is user
dependent and is time-consuming, because dozens of slices have to be
manually segmented. For these reasons, many PET image segmentation
methods have been proposed including thresholding and region growing
methods that are the most widely used due to their implementation simplicity
but they lack in robustness on low contrast and heterogeneous tumour
regions. Other algorithms, such as variational approaches based on gradient
differences between healthy and cancer tissues are mathematically efficient
but noise sensitive and subjected to numerical fluctuation. Graph-based
methods obtain efficient segmentation by using foreground and background
seeds to locate the different tissues in the PET image. The seed identification
can be automated; nevertheless, normal structures (i.e., brain, heart, bladder,
and kidneys) will be wrong detected as the target seeds, leading to a wrong
guidance to the segmentation, as suggested by Stefano et al. (6). Learning
methods, such as artificial neural network, and support vector machine
are efficient but require high computational steps. In addition, the high
heterogeneity of PET images makes stable feature recognition very difficult.
A comprehensive review of segmentation algorithms in PET imaging is given

by Zaidi et al. (7).

In summary, accurate BTV detection is still a critical issue considering its
substantial impact in RTP; any inaccuracy may lead to inadequate tumour
coverage resulting in loco-regional recurrence. Studies have shown significant
changes in PTV on the basis of PET information in patients with head and
neck cancer (8), lung cancer (9), brain cancer (2) and cervical cancer (10).
Other studies whose aim is to investigate the clinical utility of PET imaging
in RTP are mandatory to validate and support the use of this technique in
routine clinical practice.
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