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Abstract

Computed Tomography (CT) and Positron Emission Tomography (PET) are nowadays within the most
employed imaging techniques for the screening and the identification of multiple pathologies, including
lung cancer. Medical imaging is a field in continuous development to increase the employment of non-
invasive techniques in diagnosis. For the screenings or detection of tumor masses, the use of these
techniques can reduce the stress for the patient avoiding a surgical intervention and its risks. Moreover,
imaging can be used as a preclinical tool for the decision making process for the most suitable
treatment without the necessity of directly intervene in an invasive way.
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1. Introduction

1.1 Nodules

A solitary pulmonary nodule 21 (parenchymal, non-pleural nodule) is a small, round or egg-
shaped lesion in the lungs. Juxtapleural pulmonary nodule is a small, worm-shaped lesion
connected to pleura. (Figure 1)

Fig 1: Nodule: Juxtapleural nodule (left), parenchymal nodule (right).

Nodules are typically asymptomatic, and they are usually noticed by chance on a chest X-ray
that has been done for another reason. They are usually smaller than 3-4 cm in diameter (no
larger than 6 c¢cm) and are always surrounded by normal, functioning lung tissue. Their
intensity in CT scans is from -300 to 0 HU Nodules are fairly common abnormalities on
chest X-ray images: nearly one of every 500 chest X-rays shows a newly diagnosed nodules
(22 In the United States, physicians are challenged each year by more than 150,000 new
cases. Sixty percent of all nodules are benign. In certain geographical areas where the
infectious agents (especially fungi) that cause nodules occur, the percentage of benign
nodules increases remarkably (in some areas as high as 90% to 95%). Malignant nodules
may be primary lung cancer tumors or metastases from other parts of the body. If the lesion
is suspected to be benign, serial chest X-rays or CT scans may be taken on a regular basis for
observation of the lesion. If the affected person is at high risk for lung cancer or if the CT
scan appearance of the lesion suggests it is malignant, surgical removal of the lesion is
recommended.

1.2 Tomography

Tomography is a method to obtain a cross-sectional images (transversal slices) of given
object. In Computed Tomography images of objects (patients) are obtained by X-ray
projection M, The mathematical basis for tomographic imaging was laid down by Johann
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Radon (December 16, 1887 (Litom“e rice)-May 25, 1956).
By applying his theorem slices of human body at various
angles can be reconstructed.

Fig 2: Parallel beam geometry

In X-ray CT, the line integral represents a logarithm of the
total attenuation of the beam of X-rays as it travels in a
straight line through the object.

2. Imaging techniques

In the medical field the identification of pathologies in the
early stages is a crucial open problem that is at the base of a
correct diagnosis and a subsequent decision of the most
appropriate therapy. An invasive method for lung cancer
detection is the employment of biopsy, which is an
extraction of a tissue sample from the living patient [, It is
clear that this approach is painful for the subject since it
involves surgery. In order to avoid or reduce the
employment of this dangerous technique some alternatives
have been proposed, such as imaging based assessment. For
example, in the past, one of the most used technologies was
the X-rays imaging [, while in recent years it has been used
the F-fluoro-deoxy-glucose Positron Emission Tomography/
Computed Tomography imaging method, known also as
FDG PET/CT. This examination allows the fusion of
information from multiple sources giving, in this way, a
more precise and accurate reproduction of the inside of the
human body. Next Sections describe more in detail both the
CT and the PET.

2.1 Computed tomography

The Computed Tomography (CT) is a clinical imaging
technique that exploits a X-rays beam in order to acquire
signals, that after being elaborated by a computer, generate
images generally called slices. The images are spatial
representation of the attenuation coefficient of the rays in a
section of the scanned object and can be considered as
tomographic reconstructions of the body that contain more
information compared to the traditional X-rays. The
obtained images can also be stacked in order to form a 3-D
reconstruction of the body district investigated, facilitating
the visualization and the identification of organs or
abnormal structures by a specialist 1. The main difference
between the conventional X-rays and the CT is that the first
one uses a fixed source, while the CT has multiple sources
that rotate around the patient inside a circular structure

called gantry. A CT scan is a clinical examination that
consists of a collection of multiple contiguous images of a
specific part of the body in accordance to the area of interest
of the clinician, as shown in Figure 3. During the
acquisition, the patient lies supine on a table, that can be
moved in or out of the gantry while the X-rays sources
rotate around the subject . The sources constantly release
beams of X-rays that, passing through the human body and
reaching digital detectors, which are positioned opposite to
the sources, are able to create the images. The creation of a
single 2-D slice is possible only after a complete rotation of
the sources. In fact, in order to reconstruct the image, it is
necessary to apply to the signals collected a mathematical
procedure called back-projection reconstruction 1. This step
is done trough the Radon transform, which, considering the
angle of acquisition of each signal, is capable of mixing
them in the most suitable way for reducing the creation of
artifacts. This procedure is repeated for each movement of
the table so that the entire region of interest is covered. The
thickness of each slice can be decided by the physician, but
it usually varies between 1 to 10 millimeters and the
dimensions of each pixel are around few millimeters,
allowing a very good spatial resolution . Due to these
intrinsic geometric characteristics, the CT is often preferred
to the X-rays and has become a common tool for the
identification of lesions and tumors in the abdomen, lungs,
head and also for inspection of the heart [/l. Consisting in
the same technology of the X-ray, the CT can easily
discriminate between hard and soft tissues due to the fact
that structures such as bones stop the rays creating light spot
in the image, while soft organs result in darker shape in the
reconstructed image. For the aforementioned reasons, the
CT is a good standard for structural investigation; however,
Positron Emission Tomography, which gives details about
the metabolic active structures, allows a more precise
identification of tumors.

CT
scanner

Fig 3: Basic scheme of Computed Tomography

2.2 The Positron Emission Tomography (PET)

PET is an imaging technology used in nuclear medicine that
allows the assessment of structures functionalities
employing radioactive substances. The PET creates 3-D
images using radio-pharmaceuticals as tracers, which decay
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releasing positrons, which are then used for the creation of
the images (1. Positrons are particles that have similar mass
to the one of electrons but with opposite charge, so passing
through the human body they combine with the electrons
and annihilate one another. This chemical reaction releases
energy and two photons which produce two rays that, as
shown in Figure 4, are shot in opposite direction and by
colliding with the detectors are employed for the creation of
the acquired images 1. The main limitation of the PET is
that it has an intrinsic low spatial resolution mainly due to
the physical width of the detectors in combination with the
decoding of the signal and the penetration. In fact, as
highlighted in 4, if the rays are not perfectly perpendicular
incident onto the detectors, they can interact with more than
one detector so the signal can be associated to the wrong
one degrading the resolution of the final image. The tracers
used for a PET scan are formed by carrier molecules bonded
to radioactive atoms and usually are administrated to the
patient by injection, inhalation or ingestion . The total
amount of the tracer is so low that it does not influence the
normal function of the system: for these reasons the PET is
defined as physiologic tomography. This methodology is

based on the emission of positrons _+ from the decay of the
isotopes, which have a very short life, so, after a short path,
(for example in lungs where there is the lowest tissue
density), these positrons can reach maximum few
millimeters. In the tissues, positrons annihilate with a
negative electron generating in this way two rays of 511
KeV (Kilo electron Volt) emitted in opposite directions
(180) 1. Positioning a couple of detectors is possible to
exactly identify the line along which positrons have been
emitted, shown in Figure 4. In addition, if two logic
impulses are super imposed in time, the system recognizes
annihilation and records also the integral value of the line
joining the two activated crystals, which is then coded in the
image. The aim of PET imaging technique is to identify
cancer, monitor it and verify the efficiency of treatments, in
addition to the detection of metastases. As tracer is usually
used glucose because cells or tissues that have a high
metabolic activity, such as dividing cancer cells, request a
huge amount of energy, which means an increase in the
glucose consumption. In fact, the more the cancer is
aggressive, the more rapidly it will utilize glucose. For these
motivation radiolabeled glucose is employed as tracer for
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Fig 4: Basic scheme of Positron Emission Tomography

the detection of cancer and metastases spread in the body
12 In the proposed work the tracer used for the PET
acquisition is F-fluoro-deoxy-glucose (FDG). Summarizing
what has been said above it is possible to conclude that the
CT provides images with a good spatial resolution giving
interesting details about geometry and mechanical
properties of the internal structures. On the other hand, the
PET, which lacks in spatial resolution, is able to highlight
the metabolic active areas allowing the identification of the
structures that are requesting a considerable amount of
blood such as the heart or tumors. As confirmed by [
scanning the same body district with both in one
examination (PET/CT imaging) has become a highly
employed tool for the identification and the staging of
cancer all around the world thanks to the combination of
anatomical (CT) and functional (PET) information. For the
aforementioned reason, this thesis employs data acquired by
the FDGPET/ CT, in this way, the proposed pipeline is able
not only to analyze the selected dataset, but also other
dataset acquired with this widespread technology.

3. Conclusion

CT and PET can be used separately but more and more
frequently are jointed to combine information both from a
structural and a functional point of view. In fact, the CT has
a good spatial resolution giving the possibility to highlight
the details of the inside of the body district investigated. The
good resolution allows discrimination between the bones,
the air inside the body and soft tissues; this classification is
done exploiting the density of each structure, where a dense
one appears lighter on the resulting image, while a hollow
results as black. Considering the aforementioned
characteristics the CT can be used for obtaining anatomical
details that are useful for the identification of multiple
diseases but cannot be enough when detailed functional
information are needed. PET, on the other hand, thanks to
the used radio-tracers, provides information about the
metabolic activity of tissues. In fact, more active is the
structure, more metabolic request it has and more blood
containing the tracer it beckons resulting in a bright spot on
the image.
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