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ABSTRACT 

Positron emission computed tomography (PET) has significant role in oncology field. Commonly 

used in the purpose of evaluation and management including tumor diagnosis, staging, restaging 

and monitoring patient response after therapy.  It has the ability in the evaluation and detection of 

the metabolic activity in targeted tissue inside human body. This often achieved by using 

radiopharmaceutical 
18

F-Fluorodeoxyglucose (FDG).The annihilation reaction occurred between 

both electron and positron which end up with 511 keV pair photons emitted and recorded using 

special conventional block detectors based on Lu2SiO5:Ce (LSO) and Bi4Ge3O12 (BGO) 

scintillators which has a special characteristics in terms of crystal absorption efficiency, density, 

light yield , spatial and time resolution. The aim of this study is to identify the effects of time of 

flight (ToF) and partial volume effect (PVE) as quantitative imaging parameters in the early 

detection of breast cancer in Eastern province using 18-FDG as metabolic imaging radiotracer and 

PET/CT mCT flow Scanner. A literature review was conducted to understand the role of image 

processing parameters in the oncology imaging cases specially breast cancer using PET/CT 

machines. Publish med, Google Scholar and Nuclear medicine Journal were the research original 

source.  
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18

F-FDG, time of flight, partial volume effect, breast cancer. 
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INTRODUCTION 

Early diagnosis of breast cancer greatly increases the chance of cure and survival from the disease. 

The mammogram is widely used for early detection of breast cancer, but its effectiveness and 

accuracy have been a concern for a long time as well as its inability in detecting small cancers, 

especially in women with dense breast tissues. Therefore, it is an unmet clinical need to develop a 

simple, convenient test to overcome the shortcomings of mammography. Positron Emission 

Tomography-Magnetic Resonance Imaging (PET-MRI), Positron Emission Tomography-

Computed Tomography (PET-CT), and Single Photon Emission Computed Tomography- 

Computed Tomography (SPECT-CT) are classified as the state of art modalities in Hybrid 

Imaging. It plays a significant role in providing morphological and functional imaging findings in 

a single examination that 18F helps in clinical oncological fields 
1
. 

PET-CT is one of the unique medical imaging modalities. It plays a significant role in the early 

diagnosis of different types of disease like breast cancer, cardiovascular and neurological 

disorders, infection and inflammatory diseases. Moreover, it has a powerful role in oncology, 

especially in staging and restaging numerous cancer diseases that support treatment plan as well as 

monitoring the patient responses to the treatment given and roll out any suspected recurrence 
2
. 

Positron interaction detects a pair of gamma (γ-rays), which are emitted from the radionuclide 

introduced into the human body. In PET images, malignant tumors are characterized by increased 

glucose metabolism compared with normal cells, producing a good contrast between cancerous 

and normal cells. Also, it provides information about the chemical functions inside organs and 

tissues. CT image is added to improve image enhancement, attenuation correction and reducing 

noise ratio 
3, 4

. PET/CT consists of two merged ring detectors, one for CT that provide excellent 

attenuation correction and the other detector for PET that consists of different types of powerful 

crystals like LSO and BGO, multi- detectors arranged circularly supported with Photomultiplier 

tubes (PMTs) that have significant timing and energy resolution 
5, 9

. 
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Time-of-flight (TOF) and Partial Volume Effect (PVE) became the primary application in PET/CT 

machines. In the 1980s, the initial development occurred in two-dimensional (2D) modes with 

limited sensitivity and spatial resolution. Later, analytic image reconstruction methods were used, 

leading to more efficiency using LSO crystal, a three-dimensional (3D) mode with high sensitivity 

and high spatial resolution parameters that reduced scan time duration and the signal to noise ratio 

(SNR) improvement reconstruction in obese cancerous patients. 
5
. Partial Volume Effect (PVE) is 

highly dependent on several parameters like the tumor metabolic rate uptake, size, and shape. It 

can measure the maximum Standardized Uptake Value (SUV max) uptake accurately, quickly, and 

in reality which helps in the determination of cancer treatment effectiveness 
6,7

. PET allows the 

visualization and quantification of tumor features on a molecular level beyond the morphological 

extent shown by conventional imaging such as tumor metabolism or receptor expression. The 

tumor metabolism or receptor expression information data derived from PET which can be used as 

tool for visualization of tumor extent, for assessing response during and after therapy 
8
. Breast 

cancer is the second cancer death cause worldwide. There are many types of breast cancer which 

can be presented in different site of the chest wall and the breast body such as the lobular, ductal as 

well as the surrounding tissue in between. Breast cancer can be categorized in three main groups: 

invasive, non-invasive and metastatic. The breast cancer with all its types and subtypes are carried 

out multi complex environmental, and genetic factors. Breast lesion imaging investigation include 

both self and clinical breast examination then mammography and ultrasound guided biopsy. In 

addition, MRI, PET/CT, SPECT/CT are providing efficient and complementary diagnostic 

information 
12-14

. 

MATERIALS AND METHOD 

PET/CT as instrumentation model 

Molecular and biochemical imaging offering several advantages using unique machine-like 

PET/CT. The physics of detection and emission the coincident photons expressing the unique 

capabilities in PET design. 
10, 14, 25

. The basic principle behind positron imaging is simply obtained 

when the annihilation reaction between positron and electron occurred resulting of antiparallel 511 

KeV photons emitted then detected and recorded by simultaneously using special scanner as 

shown in Fig. 1. In turn, this determined by variable constants like scintillator type. The state of art 

in this machine model concentrating in the modulation and combination between two rings 

detectors of both PET and CT in one gantry. This detector of internal machine component 

including the set of block detectors arranged in ring shape surrounding the field of view which 

support image spatial resolution, high energy experiments of high effect and light yield of 
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inorganic scintillation crystal 
5, 15, 16, 17

. The patient is placed inside the gantry surrounded by a ring 

of detectors that define the scanner’s active sensor area. When two annihilation photons are 

detected within a few nanoseconds of each other, the two points of interaction define a line of 

response. 
2, 14, 17

. The coincidence events in PET categorized into four major events in every PET 

machine random, scatter, true, and multiple events as shown in Figure 2. The key of PET imaging 

identified when the Line of Response (LOR) of the true coincidence photons detected by two 

detector elements, the total number detected is mainly proportional to radioactive tracer amount 

used in the tube response. The role of TOF shown in Figure 3 and Figure 4 measuring the time 

differences of the annihilated photoelectrons along the LOR.
16-17-20

. To achieve the best high 

spatial resolution accuracy, set of detectors array adjusted using very sensitive vacuumed photo 

multiplayer tubes attached to block detectors. 
20, 23, 24

. 

 

Figure 2: Explain the types of coincident events. From left to right: True coincidence, 

random (accidental) coincidence and scattered coincidence. In the last two types, the 

annihilation event (marked with a black circle) does not lie on the apparent line of response 

between the two photon detections. 

 

Figure 3: Schematic of a block detector with finely segmented scintillator crystals read out 

by four photo-multiplier tubes. 
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Figure 4: Coincidence processing in time-of-flight (TOF) PET data acquisition. The 

combination of TOF and LYSO properties increase both of time resolution and stability. 

Table 1: The most common scintillation crystals used in PET model 

 Crystal Material Cost Light output Effective Density Decay Time 

1 NaI (Tl) Cheaper Highest Lowest Long 

2 BGO Expensive Lowest Highest Long 

3 LSO(LYSO) More expensive High High Very short 

4 GSO More expensive Very high Lower than LSO Very short 

PET/CT Patient Preparation 

Patient preparation for a whole-body PET scan using radioactive glucose analogue 18F-FDG 

include special preparation for both diabetic and non-diabetic patients. It is recommended that 

patient blood glucose level must be lower than 11 mmol/L, if the sugar level out of this range the 

study must be excluded. The patient should be injected in dark, quiet waiting area and must be kept 

warm for 60-120 min post injection. Moreover, explain the procedure to the patient before 

injecting to reduce radiation exposure and apply As Low As Reasonably Achievable (ALARA) 

concept. The bladder must be empty prior to the scan time. The assigned technologist must insure 

and followed the patient imaging and preparation protocols as recommended to avoid the repetition 

of the procedure 
9
.  

Table 2: Patient preparation of Whole Body PET/CT using 18F-FDG 

Parameters Diabetic Non- Diabetic 

Blood Glucose Level 

IV Cannula 

Blood glucose level 120-180 mg/dl not exceed 200. 

 

Fasting Period 4-6 hrs. prior to 18F-FDG injection 

Medication Insulin or metformin must be taken 6 hrs. 

prior to the study with light breakfast. 

Pain killer if needed Eluthroxin or 

concor is acceptable 

Post-Operative Surgery (6-8 weeks) Depends on the surgical site 

Special Diet Low carbohydrate diet two days prior the 

study water allowed 

Low carbohydrate two days prior 

to the study and water is allowed 

Exercise Not allowed 48 hrs. prior the scan (Muscle uptake) 

Medical Imaging & 

Histopathology 

If WC, schedule the PET for the following day Biopsy: 7-14 days before 

PET/CT 
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Work Data Flow in PET and Image Reconstruction  

PET scanner consists of multi circular ring detector, The protocol starting with the scout view as 

well as the CT aligned with PET images, CT provide the entire organs morphological details and 

used as attenuation correction step point of PET. The result appears in the screen as fused image. 

The acquisition time varies according to specific parameters like the patient body weight (BMI) 

and administered activity, 2D versus 3D image, the count rate capability and PET/CT scanner 

sensitivity. The data acquired in 2D form are corrected, converted, reconstructed and stored as 3D 

images form data. During reconstruction the image look like noisy it can be normalized and 

smoothed using mathematical filter back projection (FBP) and ordered-subsets expectation 

maximization (OSME) algorithm techniques. Figure 5 
19, 20, 23

.  Partial volume effect (PVE) can be 

lowered by properly modeling the point spread function (PSF) either in reconstruction or in post 

reconstruction. List-mode TOF reconstruction can lower PVE and benefit clinical PET imaging 

with better image resolution and controlled noise, which could increase lesion detectability and 

better diagnosis accuracy 
17, 18, 23-25

. 

 

Figure 5: Data flow in PET/CT scanner. NB: Reconstruction= (Emission- 

Random)/(Attenuation)/Efficiency 

 

Figure 6: Normal Bio distribution of PET/CT image using 
18

F-FDG radio isotope mCt-Flow 

PET Fused WB PET/CT scan. 
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TOF Vs NON-TOF concept in accepting and rejecting image blur and tumor detection 

Image Details Comment 

 Image a Maximum intensity projection of 

the FDG-PET image showing intense 

uptake points in the right breast and 

ipsilateral axillary fossa. 

Image b PET/CT and image c the CT 

portion. The images showed abnormal 

FDG uptake corresponding to two 

metastatic ipsilateral axillary nodes 7 and 

8 mm in shortest diameter. Suggesting the 

absence of nodal cancer spread. However, 

histopathological specimen of the 

dissected axillary lymph node revealed 

extensive cancer involvement. 

Figure 7: PET/CT IDC – BC. 

 

Image Details Comment 

 

Philips manufacturer using TOF 

technique in hybrid imaging of cancer 

which definitely improving the image 

contrast, SNR as well as the point of 

spread function by 30% compared 

into NON TOF image method to rule 

out the lesion enhancement and 

blurring the small outer lesion.  

Figure (8). TOF PET-CT imaging (Philips). 
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Image Details Comment 

Image artifact detected and corrected. The 

most common artifact seen are Hip or knee 

implants, tooth, respiratory motion that 

corrected using lung window parameters. 

   

Figure 9: Common artifact sources in PET-CT 

 

Figure 10: Schematic illustration of the differences between conventional PET (top) and 

TOF-PET (bottom).  Conventional Vs TOF Design. 

RESULTS AND DISCUSSION 

Breast cancer is the most common cancer in women worldwide. Accurate early diagnosis of breast 

cancer is critical in the management of the disease. Although mammogram screening has been 
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widely used for breast, cancer screening, high false positive and false-negative rates and radiation 

from mammography have always been a concern. Over the last 20 years, the emergence of PET 

that possess a high rate of glucose uptake for breast cancer cells. Such cancer can be successfully 

imaged with 
18

F-FDG. PET imaging is the map that representing the positron decay occurred after 

the radiotracer injection and distribution through human body. The combination of both CT and 

PET used to provide more accurate quantitative morphological data correction of the quantitative 

data. The PET row data stored as sinogram mode then mathematically reconstructed into 

tomographic slices. For butter attenuation correction as well as getting the best image quality the 

iterative method replaced the filter back projection in the new generation models.  

Quantitative analyses in nuclear medicine are increasingly used, both for diagnostic and 

therapeutic purposes. The Partial Volume Effect (PVE) is the most important factor of loss of 

quantification in Nuclear Medicine, especially for evaluation in Region of Interest (ROI) smaller 

than the Full Width at Half Maximum (FWHM) of the PSF.  Partial volume effects (PVE) are 

caused by the limited spatial resolution of the γ camera and the sampling of the reconstructed 

images into the matrix. PVE depend on the size and shape of the imaged object, the contrast 

between adjacent objects, the spatial resolution of the camera, and the voxel size. The clinical 

impact of partial volume effect correction (PVC) significantly affects the SUV and SUVmax 

respectively in vivo PET imaging using 18F-FDG.  Effect of TOF and PVE in the breast.  

Gaussian filter with 5 mm FWHM is the most common used in the purpose of image smoothing. 

The source of data and the collection method of this literature were from Google Scholar, PubMed 

and JNM database about the role of PET/CT in oncology and the effect of quantitative mage 

analysis parameters in tumor imaging. Table 3 and table 4 summarized the main findings in the 

literature between 2004 up to 2021.  

https://www.sciencedirect.com/topics/engineering/gamma-camera
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Table 3: Detailed references in the reviewed studies 

Citation Year Goal and Purpose Study Design Main Findings 

[1] 2021 Role of hybrid modalities in imaging Primary study Advance hardware image fusion in MI modalities 

[2] 2020 The recent advance of PET/CT in clinical RT Literature review The strength role of PET in RT patient treatment 

plan 

[3] 2021 Improve image quality and dose constancy Clinical trials Patient sample To identify optimal reconstruction parameters 

[4] 2015 Updates in TOF Image parameters and diagnostic 

review 

Significant advantages of TOF and PVE 

[5] 2007 Determination of quantitates analysis 

measurement 

Experimental and Clinical trials Practical impacts of PVEC 

[6] 2008 Role of TOF in PET-CT imaging Experimental and clinical result Significant improvement of TOF in oncology 

imaging 

[7] 2017 Role of PET in early diagnosis of BC Primary study PET as hybrid imaging tool 

[8] 2015 Properties of different crystal material used in 

PET physics 

Experimental and literature 

review 

Assessment methods using 3D in-vivo dosimetry 

[9] 2017 State of Art in PET Discussion and primary study Image quality assessment in PET 

[10] 2019 Clinical management of neurological disease in 

oncology 

Primary research study The effect of patient treatment plan using chemo 

therapy 

[11] 2018 BC management using medical imaging 

techniques 

Research study The cancer cells in nature 

[12] 2018 Effects of BC in women worldwide Research study Evolution in female breast cancer imaging 

[13] 2004 Determine the tumor homogeneity parameters Patient sample and Plate form The development strategies of patient care 

Table 4: Detailed references in the reviewed studies 

Citation Year Goal and Purpose Study Design Main Findings 

[14] 2011 Evaluation of biological prognosis factors in 

BC 

Patient sample Triple negative BC and positive progesterone receptors 

are not affecting SUV uptake 

[15] 2004 Reducing acquision time in imaging Clinical trials Overview in PET image processing 

[16] 2017 Clinical decision in oncology  Literature review  The coast effectiveness of PET and its history 

[17] 2012 Application development  Literature review Fundamental of PET physics  

 [18] 2010 Challenges in PET system Literature review Role of TOF, PVE and PSF in post reconstruction 

imaging 

[19] 2015 Pathological factors of tumor structure imaging  45 patient sample study  The SUVmax tool in the assessment of aggressive BC 
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cases 

[20] 2014 PET scan count rate Experiment Live time PET model, new measurement method 

[ 21] 2007 The relation between MRI DCM and PET-

FDG 

Retrospective review of 

medical records 

Triple negative tumor affected by SUVmax 

[ 22] 2013 Benefit of PET in evaluation post chemo 

patient  

68 patient sample 

analysis 

Assessment of predictive value parameters in advance 

BC 

[23] 2018 The predict outcomes of residual tumor uptake Prospective study Early changes in FDG tumor uptake during neoadjuvant 

chemotherapy 

[24] 2012 PVE as post iterative processing method Experiment and NEMA PVE generate an accurate reading uptake compared to 

voxel data 

[25] 2007 Innovation of Hybrid imaging Literature review SPECT compared to PET imaging role 

[26] 2007 LSYO crystal role in PET physics NEMA experimental 

procedure Qc 

The best image quality achieved in improving TOF in 

PET system 
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CONCLUSION 

Fluorodeoxyglucose (
18

F-FDG) is the earliest radiotracer in positron emission tomography PET 

body imaging. It accumulates chiefly in the pathological lesion, so the high contrast between lesion 

and surrounding tissue from the basis for the success of FDG-PET imaging. FDG can detect 

primary, loco regional and systematic metastases of breast cancer. The greatest clinical role of PET 

at present in the evaluation of systematic metastatic disease. It is difficult to recommended PET for 

routine evaluation of the breast or loco regional lymph nodes unless neoadjuvant chemotherapy is 

planned or internal mammary-suspected metastases.  

Image processing in nuclear medicine and PET/CT play significant role in early detection of multi 

cancerous disease. Furthermore, it is supporting the oncologist treatment plan after the initial 

diagnose occurred. Based on the literature review journal papers above we can summaries the 

following:  

1. PSF was the most effective algorithm reconstruction correction method in improving the 

image quality in Breast Cancer cases as well as other types of sensitive cancer cases like 

brain. 

2. Clinically Time of Flight information technique is very useful in improving PET image 

quality and reducing other image artifact like implant and dental metal artifact.  

3. SNR increases overall with post-processing deconvolution techniques. 

4. LSO act as the greatest scintillator crystal used in PET/CT according to their outstanding 

properties like high light output and high stopping power. 

5. Quantitative metrics like PVE, TOF, SUV, SUVmax and PSF are the state of art in all PET 

generation image-processing program.  

6. PET has an important and growing role in the management of breast cancer.  
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PVE             Partial Volume Effect 

PSF              Point Spread Function 

BGO           Bismuth Germinate 

LSO            Lutetium-oxo orthosilicate crystals 
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