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Nowadays, PET scans are a crucial part of the diagnostic and staging process for cancer, 

providing information about the prognosis based on response. This paper aims to 

provide a thorough analysis of the utility of PET in the locoregional and distant staging 

of non-small cell lung cancer (NSCLC), as well as to highlight some of the more recent 

uses and highlight any possible implications for patient care. When evaluating an 

ambiguous solitary pulmonary nodule or mass, computed tomography (CT) is not as 

accurate as PET in differentiating between benign and malignant lesions, so PET is the 

gold standard in this regard. Since PET is far more reliable than CT in assessing the 

progression of metastases to locoregional lymph nodes, many patients with negative 

mediastinal PET scans may be spared invasive surgical staging. In cases where invasive 

surgical staging is required for patients with positive mediastinal PET scans, false-

positive results resulting from inflammatory nodes or granulomatous diseases may still 

exist. PET is a helpful addition to traditional imaging in the hunt for metastatic spread. 

This could be from the exclusion of malignancy in lesions that are unclear on routine 

imaging, or it could be the discovery of unanticipated metastatic lesions. PET does not, 

however, now take the place of traditional imaging. Currently, large-scale randomized 

trials are being conducted to investigate whether PET staging can genuinely make lung 

cancer appear better. 
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INTRODUCTION 

The majority of commercial versions of PET 

scanners today reach very good morphologic 

resolution, ranging from 6 to 8 mm. It can identify 

changes at the nanomolar level and has a high 

sensitivity to detect a regional rise or decrease in a 

tracer's concentration. PET/CT hybrid scanners 

enable the simultaneous acquisition of CT and 

PET images in a single investigation, allowing for 

their separate or combined visualization. As a 

result, the same pictures can contain information 

about the anatomy from CT and the function or 

metabolism of PET.1 Numerous materials, 

including endogenous compounds, can be used as 

PET tracers to visualize and evaluate a wide range 

of metabolic events inside cells. 

https://www.ijpsjournal.com/
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Sarcoidosis is a multisystemic illness that affects 

several organ systems and is characterized by 

cellular immune activity and the development of 

noncaseating granulomas. Consistent clinical 

characteristics and histological evidence of non-

caseating epithelioid cell granulomas are typically 

used to make the diagnosis. Sarcoidosis's clinical 

course is incredibly unpredictable.2Through the 

noninvasive diagnostic imaging technique known 

as Positron Emission Tomography (PET), medical 

professionals can see the biological processes of 

the human body and learn about disease processes. 

PET had been thought of and used as a research 

tool up until recently, specifically in the study of 

neurophysiology. Nonetheless, during the past ten 

years, it has become more and more clear how 

useful PET is as a clinical imaging technique. PET 

scans have been used by medical experts in the 

domains of neurology, cardiology, and oncology 

to evaluate metabolism in relation to cancer, 

damaged cardiac tissue, and brain diseases.3 

With an estimated 3 million new cases annually 

worldwide, lung cancer is the most common cause 

of cancer-related death in the Western world. 

Imaging methods are critical to the diagnosis, 

staging, and aftercare of lung cancer patients. The 

use of Positron Emission Tomography (PET) in 

lung cancer imaging has grown in importance. 

Variations in the structure of tissues serve as the 

foundation for standard imaging techniques. The 

improved glucose metabolism of lung cancer cells 

serves as the basis for PET using the glucose 

analogue 2-18F-fluoro-2-deoxy-D-glucose 

(FDG).4 

The intake of FDG is similar to that of glucose, but 

upon phosphorylation by hexokinase, it becomes 

metabolically trapped and accumulates within the 

cancer cell. Increased uptake of the positron-

emitting radiopharmaceutical FDG is seen in 

malignant tumors. PET imaging can show this 

enhanced FDG uptake in tumors. When 

determining the difference between benign and 

malignant lung nodules, FDG PET has a far 

greater accuracy rate than other imaging 

modalities.5 

PET has a 96% sensitivity and a 77% specificity in 

identifying cancerous nodules. In terms of staging 

mediastinal nodal involvement, PET is also more 

accurate than computed tomography (CT) (89% 

sensitivity, 94% specificity). PET can reliably 

distinguish between scar tissue and a recurrent 

tumor due to the limited absorption of FDG in scar 

tissue. Preliminary research indicates that PET 

may have a bright future in assessing treatment 

response. 18F-FDG PET imaging has gained 

acceptance as a useful diagnostic imaging tool for 

cancer patients since the Health Care Financing 

Administration (HCFA) authorized Medicare to 

reimburse for 18F-FDG PET imaging for specific 

indications in 1998 and the American Food and 

Drug Administration (FDA) approved 18F-FDG 

as a safe and effective radiopharmaceutical for 

oncologic applications in 1997. But the primary 

challenge with PET is that it does not have an 

anatomical reference frame.6 

History of pet scan: 

The narrative of positron emission tomography's 

(PET) creation and advancement is rooted in the 

inventiveness of experimental and theoretical 

physicists, biologists, chemists, and physicians—

people who did not initially anticipate the 

significant advantages the new technology would 

offer. Historically, military-oriented research has 

been essential to medical advancements. In 

addition to PET, some notable instances include 

the discovery of the element iodine, the creation of 

penicillin and other medicines, blood transfusion 

and blood type, ultrasonography, and computers. 

Sadly, in the case of PET, the public's enduring 

belief that radiation is dangerous and should be 

avoided at all costs continues to stand in the way 

of the advancement of atomic energy's benign 

applications. P. Dirac, a theoretical physicist, 

proposed the possibility of positive electrons, or 
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positrons, based on Einstein's theory of relativity 

and the quantum mechanical equations.7]He gave 

an example of how the square root of the square of 

the particles' momentum and rest energy, plus or 

negative, determines the energy of subatomic 

particles. Thus, it is possible for subatomic 

particles to be positive or negative.8 

The accuracy of Dirac's prediction was 

demonstrated in 1932 by experimental physicist 

C.D. Anderson of the California Institute of 

Technology, who observed that cosmic rays 

contain particles with the mass of electrons but 

travel along a path in a strong magnetic field that 

suggests they have a positive charge.9 These 

particles were dubbed "positrons," or positive 

electrons, by him. 

Artificial Radioactivity And Cyclotrons: 

 In 1934, Curie and Joliot noticed that positrons 

continued to be released from targets that had been 

bombarded with alpha particles from radium or 

polonium for a while after the bombardment had 

stopped.10 This was the first indication that it was 

possible to create artificial radioactive atoms. 

The idea of accelerating particles between two D-

shaped magnets, or a cyclotron, was conceived 

four years earlier in Berkeley, California, by 

Ernest Lawrence et al. The goal was to produce 

protons and deuterons with increasingly higher 

energy so that they could bombard elements and 

learn more about the nature of the atomic nucleus 

.11 Their original cyclotron contained 4 inch 

cyclotron magnets; the magnets in their later 

machines were 10, 37, and 60 inches in diameter. 

Biologists, physiologists, and doctors came to 

Berkeley in the 1930s, realizing the significance of 

the new radioelements in implementing the tracer 

principle—first proposed by Hevesy utilizing 

naturally occurring ring radiotracers. A "medical 

cyclotron" was the term given by Lawrence, 

Livingston, et al. in 1938 to their fourth cyclotron 

(Fig 1) 

 
Fig.1. S. Livingston and e. Lawrence with the medical 

cyclotron developed in the late 1930s at the university 

of california in berkeley. 

The cyclotron is placed on a back burner by the 

reactor: Copenhagen-born physicist Niels Bohr 

came to Princeton University in 1939 to see 

Einstein. He learned of O. Hahn and F. 

Strassmann's experiments, which were published 

in Naturwissenschaflen in January 1939, shortly 

before he left Denmark.12 

Three aspects of atomic energy have always been 

closely related to one another: nuclear weapons, 

nuclear power, and nuclear medicine. The 

invention of the nuclear reactor by Fermi et al. at 

the University of Chicago produced large amounts 

of tritium, phosphorus-32, carbon-14, and other 

radionuclides, which in turn led to the 

development of modern biochemistry. It would 

take thirty years for doctors' interest in cyclotrons 

to resurface in biomedical research due to their 

wish to quantify in vivo regional biochemistry. 

Carbon is the fundamental element of organic 

chemistry, and the only carbon radionuclide that 

emits photons is carbon-11, which can only be 

produced in a cyclotron. 

The "biological" elements—carbon, fluorine, 

nitrogen, and oxygen—returned to the focus of the 

nuclear medicine community with the advent of 

"competitive" imaging techniques like computed 

tomography (CT) and magnetic resonance 

imaging (MRI). 

 

In Vivo Biochemistry: Since the 1940s, when 

nuclear medicine first emerged, measurements of 

radiotracers' external distribution within the body 

have been made. Initially, to assist determine if a 

thyroid nodule was benign or cancerous, hand-
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held Geiger-Muller counters were moved 

methodically in a grid pattern to assess the rate of 

uptake of radioactive iodine by the thyroid gland 

In 1950, Benedict Cassen of UCLA invented what 

was referred to be a "scanner" by automating the 

movement of the detector across the thyroid region 

and substituting newly developed thallium-

activated sodium iodide crystals for the GM 

detector. Nuclear pictures of the liver, spleen, and 

lungs were rapidly created using this apparatus. 

Molecular imaging in vivo was created.  

Positron Imaging: Kety and Schmidt first applied 

the Fick principle to quantify cerebral blood flow 

in 1948 using the nonradioactive tracer nitrous 

oxide.13 Later, in order to make the measurements 

easier, they substituted krypton-79 for nitrous gas, 

and the numbers they obtained for cerebral blood 

flow were nearly equal to those obtained with 

nitrous oxide. Lassen and Munck modified the 

nitrous oxide method using krypton-85 and 

utilized xenon-133 instead of krypton-133 in 1961 

to measure the quantitatively the regional cerebral 

blood flow in humans using many small single 

crystal radiation detectors. "It may be predicted 

that these component structures' rates of blood 

flow would differ greatly and vary independently 

of one another, given that their functional activities 

vary independently of one another.14 

Consequently, he focused his research on 

measuring the blood flow to distinct tiny cerebral 

areas in cat brains using autoradiography and I-

131 tagged trifluoroiodomethane. A multidetector 

system for localizing brain tumors using positron-

emitting radionuclides, copper-64 and arsenic-75, 

was disclosed by Brownell and Sweet in 1953. The 

apparatus seen in Figure 2 was built by Yamamoto 

et al. at Brookhaven National Laboratory (BNL) in 

1966 in order to quantify regional cerebral blood 

flow using positron emitting radiotracers. The 

device was taken to the Montreal Neurological 

Institute where the detectors were arranged in a 

single plane around the patient's head following 

initial research on it at BNL. The filtered back 

projection approach, which was to be effective in 

computed tomography (CT) of conventional x-ray 

imaging and subsequently used to PET imaging, 

was not discovered by these investigators despite 

their attempts at many reconstruction techniques.  

Fig.2: Yamamoto, Robertson, et al.'s original 

concept for the Brookhaven National 

Laboratory's instrument to study positron 

emitting radiotracers in the brain. It had not yet 

been thought of to arrange a circular array of 

detectors in a single plane. 

Tomography: In 1968, Kuhl and Edwards 

developed a machine to create these kinds of 

images and proposed the idea of reconstructing 

source distributions in conventional nuclear 

imaging by superimposing many cross sections of 

transverse axial scans (Fig 3).15 The reconstruction 

technique was extremely basic, and Hounsfield's 

invention of transverse axial tomography for 

radiography sped forward the development of 

PET. 15,16 
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Fig.3: shows the Mark IV tomographic scanner that 

Kuhl et al. from the University of Pennsylvania 

constructed to analyze radiotracers that generate 

single photons. An key advancement was placing the 

detectors in a ring around the patient's head. 

A PET device using the filtered back projection 

reconstruction method was described by Ter-

Pogossian, Phelps, and Hoffman in 1975 (Fig 4). 
17,18 

Fig.4: shows the author being evaluated in the initial 

PEI-T scanner at Washington University in Saint 

Louis by Ter-Pogossian et al. Carbon-11 carbon 

monoxide was the tracer. 

In order to investigate the oxygenation of tumors, 

TerPogossian and Powers (1958) at Washington 

University in St. Louis, MO, used oxygen-15 

(half-life 21/2 minutes) generated by the cyclotron 

constructed in the physics department in the early 

1940s to study mice with mammary 

adenocarcinomas in the mid-1950s. They used 

autoradiography to map the location of the injected 

oxygen-15(Fig5).

 
Fig.5: Michel Ter-Pogossian with the cyclotron at 

Washington University. 

The FDG Story: Langstrom stated: "Carbon-ll 

fulfills Claude Bernard's dream of a tracer for 

examining physiological processes in complex 

living systems." Sokoloff et al. published a famous 

publication in 1977, ten years after the 

technology's inception, outlining the carbon-14 

deoxy-glucose method for measuring local 

cerebral glucose use.19 Prior to this work, the 

cerebral arteriovenous difference in glucose levels 

and blood flow measurements in living individuals 

could be used to calculate the average rate of 

glucose usage in the brain overall. This was made 

feasible by the Kety-Schmidt method for 

measuring cerebral blood flow. 

Ido and associates had developed this tracer. 19 

The creation of this tracer, modeling its application 

to identify cerebral glucose usage on a regional 

scale, and measuring cerebral blood flow on a 

regional scale using oxygen-15 water led to the 

development of functional mapping of the human 

brain. The last paper in the PET series will go into 

great detail about the clinical use of FDG in the 

fields of cardiology, neurology, and oncology. 

2-fluoro-2-deoxy-D-glucose “FDG” 
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Fig.6: A Chemical Sketch of FDG 

FDG competes with the body's glucose for 

admission into cells to participate in intracellular 

metabolism because of its glucose orientation. 

FDG, however, does not continue in the cell's 

metabolic process like glucose does; instead, it 

stops at the phosphorylation stage and stays within 

the cell, where it is found and seen during the PET 

technique. Because cancer cells proliferate and 

expand more quickly than normal cells, they 

survive on a greater rate of metabolism. As a 

result, during an FDG-PET scan technique, most 

cancer cells absorb more glucose-based FDG than 

normal cells [approximately 20 times more, 

according to some sources]. As a result, on a PET 

scan, the cancer-ridden regions of aberrant 

[increased] metabolic activity show up as "hot 

spots" or intensely lit regions. On a PET scan, 

abnormal metabolic activity that appears as "hot 

spots" may also be a sign of brain or cardiac 

problems (Figure 7).3,20,8, 

Nuclear Oncology: Over the past ten years, a 

number of studies using specialized PET scanners 

and fluorine-18 labeled deoxyglucose (18F-FDG) 

have demonstrated how measuring the 

accumulation of 18F-FDG by malignant lesions 

can aid in the resolution of several issues 

pertaining to the treatment of cancer patients. 8,21 

It has been discovered that, in comparison to 

normal tissue, several forms of cancer exhibit 

enhanced anaerobic breakdown of glycogen to 

glucose as an energy source. Hexokinase HKII is 

frequently elevated, which improves the glycolytic 

process and converts glucose to lactate instead of 

carbon dioxide and water. 

Molecular Coincidence Detection (MCD): 

When Gerd Mueller and his engineering team at 

ADAC Laboratories modified a single photon 

emission tomography (SPECT) scanner in 1994 to 

perform coincidence imaging of the 511 keV 

photons emitted by decay of positron-emitting 

radiotracers, such as 18F-FDG, without a lead 

collimator, it opened up a new avenue for imaging 

FDG accumulation by neoplasms.22 "Molecular 

Coincidence Detection" (MCD) was the term 

given to the procedure. This development 

provided a completely new method for 18F-FDG 

imaging in cancer patients' care, initially to assess 

the possibility of curative surgery. 

The growing accessibility of commercially 

generated 18F-FDG was another aspect that 

enabled the increased application of 18F-FDG 

investigations in cancer patient treatment. 

PET: Proton-rich, cyclotron-produced 

radioisotopes that decay to their ground state by 

either grabbing an electron and turning the excess 

proton into a neutron (111Indium) or producing 

positrons, which are positively charged beta 

particles (e.g., 18Fluorine). When positron decay 

occurs, the newly formed ß+ particle nearly 

instantly annihilates and interacts with a free 

electron (e–), producing two gamma rays with an 

energy of 0.511 MeV each. PET is made possible 

by the fact that these gamma rays are 180° apart 

and travel in different directions. PET employs the 

same filtered back projection reconstruction 

methods as CT.When compared to other nuclear 

medicine imaging methods, one distinctive 

characteristic of PET is its ability to adjust pictures 

for gamma ray tissue attenuation.  

Principle: Using the annihilation photons released 

by positron emitters known as radiotracers, 

positron emission tomography (PET) is a 

tomographic technique that calculates the three-

dimensional distribution of radioactivity. PET 
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enables the quantitative, non-invasive evaluation 

of biological and functional processes. The 

glucose analogue FDG is currently the most 

widely used tracer. The amount of glucose used 

determines the amount of FDG buildup in tissue. 

Most malignancies have increased glucose intake, 

which is partly caused by elevated hexokinase 

activity and over-expression of the GLUT-1 

glucose transporters. Owing to the kinetics of 

FDG, sufficient static pictures are often obtained 

60 minutes following injection.  

It is acknowledged, although, that the absorption 

period varies greatly, with some tumors not 

exhibiting a plateau in FDG concentration for as 

long as 4-6 hours 23. Variable uptake is probably 

connected to the biological characteristics of 

particular tumors, as shown in most prostate 

carcinomas as well as various subtypes of 

malignant lymphoma, carcinoids, renal, thyroid, 

and broncho-alveolar carcinomas. This biological 

heterogeneity's cause and prognostic significance 

are not always evident. Nonetheless, FDG PET is 

generally a sensitive imaging technique for cancer 

therapy response assessment, staging, restaging, 

and detection 24,25  

Computed tomography (CT), as opposed to PET, 

creates tomographic pictures using an x-ray beam. 

High anatomical resolution visualization of 

morphological and anatomical structures is 

possible with CT. The utilisation of CT-derived 

anatomical and morphological data can enhance 

the accuracy of FDG PET-detected lesion location, 

extent, and characterization.26 In ordinary clinical 

practice, FDG PET and CT are well-established 

imaging modalities that have undergone 

substantial validation. PET/CT is becoming 

increasingly important for imaging in oncology. 

Simultaneously, there is a growing recognition 

that the quantitative characteristics of PET could 

significantly influence clinical practice and 

oncology studies. 

  

How Pet Work: In order to study and visualize 

human physiology, positron emission 

tomography, or PET, is a nuclear medicine 

scanning technique that uses electronic detection 

of short-lived positron-emitting 

radiopharmaceuticals, which are substances that 

contain a carrier molecule, like glucose, and a 

positron-emitting radioactive isotope that labels or 

tags the carrier molecule. While patients are 

comfortable, conscious, and awake during the PET 

scanning process, doctors and researchers may 

measure in detail how the human brain and other 

organs function. Three-dimensional images of the 

body's distribution of a radiopharmaceutical 

supplied by IV are produced by the PET scanner 

or camera. The images make it possible to track 

and assess physiological functions such cerebral 

blood flow, oxygen and glucose metabolism, and 

metabolism. 

In order to comprehend PET, we first look at what 

happens from a physics perspective during a PET 

scan and how the PET scanner or camera records, 

processes, and interprets those events. Next, we 

examine the PET scan process from the viewpoint 

of the patient, including everything the patient 

witnesses, feels, and learns about behind the 

scenes. Details on the scan's creation process and 

the disparities between the representations of 

healthy and unhealthy tissue are covered by that 

viewpoint.Lastly, we go over the main 

radiopharmaceuticals used in PET, their synthesis, 

and their particular suitability for oncology, 

cardiology, and neurology clinical applications. 

The main challenges (i.e., equipment cost, setting 

up a PET system, insurance reimbursement) that 

many believe stand in the way of PET's 

widespread use as a clinical treatment are outlined 

in the second section. 27SSS 

Technical Consideration 
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The Pet Scan Procedure: The patient first has a 

blood glucose test and a preliminary evaluation of 

their medical history before receiving an IV 

injection of a positron-emitting 

radiopharmaceutical that was recently synthesized 

from a positron-emitting radioisotope produced 

using a cyclotron. The moderately radioactive 

radiopharmaceutical diffuses throughout the body 

through the blood stream and builds up in the 

organ or system under evaluation in less than an 

hour while the patient relaxes. There is very little 

radiation exposure—in fact, less radiation 

exposure than there is from many x-ray 

procedures. The specific radiopharmaceutical is 

selected according to how well-suited it is for a 

given organ or bodily system. Depending on the 

radiopharmaceutical, different times are needed 

for distribution and accumulation. 

The patient is comfortably positioned on a narrow 

table known as a scanning bed that moves slowly 

through the PET scanner or gamma camera by the 

PET technologist, a skilled medical professional 

with specialized education in radiation protection, 

radiopharmaceuticals, and nuclear medicine 

techniques. This is done after allowing for the 

appropriate time for the distribution and 

accumulation of the radiopharmaceutical. The 

processes of coincident imaging and detection 

occur while the scanner bed moves, producing a 

sequence of tiny slices of the organ or bodily 

system under evaluation. The slices are then 

rebuilt into a three-dimensional picture that shows 

where the radiopharmaceutical is located and 

concentrated in that particular physiological 

system or organ. Making the patient as 

comfortable as possible is essential since, 

depending on the technique, the patient must stay 

still and silent for the duration of the scanning 

process (which can be anywhere from 30 to 2 

hours) in order to produce high-quality photos at 

the conclusion of the process. When patients are 

getting PET scans of the head, specific 

precautions, such as the use of special cushions to 

hold the head in place or a mask with openings for 

the eyes, nose, and mouth that is linked to the 

scanning bed, may be utilized to keep the head 

still.  

The PET scanner has thousands, or perhaps 

12,000, of detectors with unique scintillation 

crystals inside of them. When gamma rays strike 

these crystals, they form electrical signals. As the 

gamma radiation from the collision, contact, and 

annihilation of the radiopharmaceutical's released 

positrons with the patient's body electrons is 

detected by the scintillation crystals, an emission 

scan is produced. The photos' varying hues and 

luminosities correspond to various physiological 

function levels. When a glucose-based 

radiopharmaceutical is used in oncologic studies, 

the background area of the image will represent 

healthy tissue, while the foreground will be much 

brighter due to the cancerous tissue's absorption of 

more radiopharmaceutical than the normal tissue. 

This is because most cancerous tissue has an innate 

tendency to metabolize glucose more than normal 

tissue—up to 20 times more.28 

Patients are advised to pee following the operation 

since radiopharmaceuticals generally tend to 

collect in the bladder. Furthermore, patients are 

advised to ensure that the radiopharmaceutical is 

removed from their systems as soon as possible by 

drinking a lot of liquids throughout the rest of the 

day and urinating often. Because of the short half-

life of the radioisotope component in 

radiopharmaceuticals, the majority of the radiation 
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usually goes away in the first four to eight hours 

after the injection.29 PET scans are typically 

carried out as outpatient treatments. The PET 

technologist processes and records the scan data 

after the procedure. A nuclear medicine specialist 

then evaluates and interprets the obtained images. 

Lastly, the doctor who requested the PET study 

receives a report straight from the physician based 

on his or her results. 

The stages involved in a PET scan technique are 

as follows: 

• The radiopharmaceutical is brought from an 

off-site location to the imaging site, or it is 

synthesized on site from a positron-emitting 

radioisotope produced by a cyclotron.  

• The PET technician gives the patient the 

radiopharmaceutical intravenously (IV) and 

gives the drug time to spread throughout the 

body. The patient's electrons (e-) and the 

radiopharmaceutical's positrons (e+) collide as 

the patient slowly passes through the scanner on 

a scanning bed. 

• The collisions cause annihilation and the 

release of gamma rays, which are then detected 

by detectors in the PET scanner outside the 

patient's body. 

• The gamma rays that are coincident are 

identified by the scanner electronics, which 

then pair them into coincident events. 

• The doctor who ordered the PET study receives 

information from a radiologist after they have 

analyzed and interpreted the images. 

Pet Scan Modes: There are various ways to derive 

PET scans. The whole-body static mode, which is 

essentially a snapshot of the patient's physiology, 

is one often used mode. A different mode that 

depicts the uptake of radiopharmaceuticals over 

time is a more dynamic and active mode. 

Additional modes include the three-dimensional 

volume-imaging mode, which is well-known for 

its capacity to enhance image quality and shorten 

scan times, and the gated mode, which mimics the 

cardiac cycle in a sequence of images.  

Radiopharmaceutical In Pet: 

Radiopharmaceuticals are needed for the PET 

imaging procedure in addition to a computer and 

PET scanner. A positron-emitting radio isotope 

that identifies the carrier molecule and a carrier 

molecule that contains a natural substrate, such 

glucose, make up the majority of 

radiopharmaceuticals. The PET scanner can 

identify, record, and image the products of 

positron emission and collision with electrons 

inside the body as gamma radiation detected 

outside the body because the carrier molecule and 

the positron-emitting radioisotope are bound to 

each other.30 A cyclotron is used to produce the 

majority of the radioisotopes used in PET 

radiopharmaceuticals (Table). 
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PET radioisotopes fall into three groups according 

to the bodily functions they measure. 

Radioisotopes like Fluorine 18 that are used to 

monitor broad metabolic parameters like protein 

synthesis and glucose uptake fall under the first 

group. First-class radioisotopes enter cells after 

exiting the circulation. On the other hand, Oxygen-

15 and the other radioisotopes in the second 

category are stable in the bloodstream for the 

whole duration of the study, which makes them 

suitable for monitoring blood flow. Radioisotopes 

in the third category, including Carbon-11, 

measure and distinguish biological receptors. 

Fluorine-18, Nitrogen-13, Oxygen-15, and 

Carbon-11 are the four PET radioisotopes that are 

most frequently utilized; their half-lives are 109.8 

minutes, 9.96 minutes, 2.03 minutes, and 20.3 

minutes, respectively. PET radiopharmaceuticals 

are typically prepared one dosage at a time and 

given to the patient a few minutes later.31,32 At 

certain establishments, the complete procedure—

producing the radiosotope or positron-emitting 

element in the cyclotron and converting it into a 

radiopharmaceutical in the biosynthesis unit—is 

carried out in the cylcotron laboratory and is 

entirely automated. Afterwards, a special 

pneumatic tube system is used to transfer the 

radiopharmacical to the on-site PET scanning 

laboratory when a patient there needs a dose.33 

Imperatives To The Growth Of PET Use:   

Early detection and intervention, elimination of 

other more invasive procedures, pre-operative 

evaluation, identification of distant metastases, 

substitution of several tests, and the capacity to 

monitor therapeutic efficacy are only a few of its 

many benefits. Unfortunately, a number of 

obstacles have surpassed these benefits and kept 

PET from being extensively employed. The main 

obstacles have been the disagreement over 

insurance reimbursement for PET services, the 

difficulty of setting up a PET system, and the high 

expense of specialized PET equipment. 

Pet's Clinical Applications:  

Pet In Cardiovascular Disease: 

PET in cardiovascular disorders Several authors 

have shown that areas of the heart that are 

significantly hypoperfused can absorb FDG. The 

existence of an ischemic yet viable myocardium is 

indicated by the flow-metabolism dissociation 

pattern. Currently, myocardial viability may be 

diagnosed by PET-measured FDG uptake, which 

is the gold standard. Finding out a patient's 

myocardial viability before they have coronary 

surgery is the primary use of FDG-PET in 

cardiovascular pathology. According to Schwaiger 

M and Hicks R (1991), patients will receive 

medical treatment or be placed on a transplant 

waiting list if PET results show no cardiac 

viability.32 Cardiologists employed ammonia111 

tagged with 13N and 82Rb created by generators 

as stand-in markers for cardiac blood flow early in 

the development of PET applications. 34,35 This 

resulted in a very modest injection volume of PET 

tracer; however, this constraint was substantially 

alleviated with the advent of LSO-based devices. 

For a thorough examination of PET in cardiology, 

see 36,37 

PET In Central Nervous System (Cns) 

Diseases: It is acknowledged that the most 

accurate in vivo imaging technique for assessing 

both regional and global cerebral metabolism is 

FDG-PET. In September 2004, the HCFA and 

Medicare in the United States established that 

FDG PET can be used to differentiate between 

front-temporal dementia and Alzheimer's 

dementia in patients with moderate cognitive 

impairment. One such known suitable use of FDG-

PET is the examination of individuals with partial 

epilepsy who are not responding to medicinal 

therapies prior to surgery. The epileptogenous 

focus is identified by FDG-PET as a 

hypometabolic focused area in the cerebral cortex 

during the interictal phase.38  
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PET In Cancer: FDG PET is primarily used for 

cancer patient diagnosis, staging, therapy 

monitoring, and prognosis. PET results have a 

direct clinical impact on patient care. FDG-PET 

can show the tumor cells' aberrant increase in 

glucose consumption that they display in vitro. 

Without phosphatase, tumor cells aggressively 

retain FDG-6 P metabolically. When there is a 

noticeable difference between the uptake of tumor 

cells and that of healthy cells, PET has a high 

sensitivity for identification. The absorption of 

FDG, high cellularity, and cellular proliferation 

are all associated with the degree of malignancy. 

Less aggressive tumors absorb less FDG, but in 

order to grow faster yet, the most aggressive 

tumors must take in more glucose. 

The use of FDG-PET can be beneficial in a number 

of clinical scenarios. These include confirming the 

diagnosis of a benign lesion or malignancy in 

processes that other techniques have detected, but 

which require difficult or impossible histological 

confirmation; determining the extent of a known 

tumor before treatment staging; distinguishing 

neoplastic tissue from fibrotic residual masses 

following surgery, chemotherapy, and/or radiation 

therapy; locating a tumor recurrency suspected by 

clinical analysis and/or an increase in tumor 

markers; conducting a new study of extension 

following re-staging based on recurrence 

diagnosis; assessing the early therapeutic effects; 

and searching for the primary tumor in a patient 

with metastatic disease of unknown origin or para-

neoplastic syndrome. Furthermore, PET can be 

used to define the radiation volume during 

radiotherapy planning and to assist needle 

aspiration or biopsy.  

FDG-PET also has the drawback of potentially 

producing false-positive results for infections and 

non-malignant diseases such as granulomas, TB, 

histoplasmosis, aspergyllosis, etc., which can 

exhibit FDG uptake akin to that of malignant 

tumors.39 

Uses of PET Scanner For Patients With Cancers:  

(1)Finding the main locations of cancer; 

 (2) differentiating between benign and malignant 

lesions; 

 (3) grading a lesion's degree of malignancy; 

 (4) staging the disease's progression; and  

(5) determining whether lesions observed on CT or 

MRI are cancerous  

(6) Treatment planning;  

(7) Treatment response monitoring;  

(8) Recurrent disease detection. 

Fdg-Pet In Oncology: 

 This section describes the use of PET in various 

types of tumors. Brain tumors: When it comes to 

distinguishing between radionecrosis and high-

grade tumor-like recurrence, FDG-PET is more 

specific than CT and MRI. MRI is a more accurate 

tool than FDG-PET for the detection of brain 

metastases since these metastases are usually small 

in size and positioned in the cortical-subcortical 

area, making FDG-PET less useful for this 

purpose.  

This led to the creation of statistical parametric 

mapping (SPM), which has emerged as one of the 

most important analytical techniques for locating 

changes in specific regions in brain function 

images.40 The human neuroscience uncovered by 

PET-based brain activation studies of cerebral 

blood flow served as a catalyst for the 

development of the BOLD fMRIbrain activation 

technique.41 PET imaging of the brain is currently 

being used to study Alzheimer's disease, with a 

focus on leveraging the range of biomarkers 

developed for amyloid and tau imaging. 42 

Tumors of the head and neck: CT and MRI are 

the best methods for identifying local invasion of 

a basic tumor of these tissues, however FDG-PET 

is more practical and accurate in identifying 

metastases and lymph nodes. 

Lung Cancer: The established FDG-PET 

indication is used to differentiate solitary lung 

nodules when CT is unable to identify them. It has 
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been noted that some granulomas, such those 

related to tuberculosis, can result in falsely 

positive results. If a PET test comes back positive, 

cancer must be ruled out. When there is non-FDG-

uptake in a radiological nodule larger than 1 cm in 

diameter, one should be proactive because this 

indicates benignancy with a high negative 

predictive value for malignancy. The investigation 

of mediastinal staging in non-small cell lung 

cancer (NSCLC) is another indicator. Forty 

percent of NSCLC patients had their therapeutic 

regimens changed as a result of PET, which finds 

a greater extension of the cancer in many patients 

who were earlier considered surgical candidates. 

Presurgical staging of the esophagus: FDG-PET 

is advised for gastrointestinal cancers.  

Another accepted basis for the clinical, analytical, 

and/or radiological suspicion of colorectal cancer 

recurrence is identifying the site and performing a 

re-staging to evaluate the potential for radical 

surgery. It is beneficial for patients with colorectal 

cancer who have already had surgery and also 

develop liver metastases since, in the event that 

PET detects extra-hepatic sickness, a new 

procedure must be avoided. 

Breast cancer: FDG-PET is currently recognized 

as the method of choice for detecting and staging 

recurrent and/or metastatic illness in order to 

choose the most appropriate course of action. 

Regarding the identification of small bone 

metastases, especially those located in the 

medullar area, FDG-PET seems to be a more 

practical and reliable technique than bone 

scintigraphy. FDG-PET is used in non-surgical 

multisystemic recurrence patients as well as those 

with locally advanced primitive tumors to evaluate 

treatment response prior to surgery. Genitourinary 

tract tumor: Due to the frequent excretion of FDG 

in the urine, these tumors are challenging to 

diagnose. In addition, the distinct histology of 

urinary cancers does not cause higher FDG uptake. 

This is accurate in the case of prostate cancer. It 

has been observed that other tracers, such as 

coline-C11 or acetate-C11, offer better sensitivity 

and specificity in patients with recurrent or 

metastatic prostate gland cancer. 

ADVANTAGES OF PET SCANNER: 

Reduction in Imaging Time: One of the main 

advantages of total-body scanning is that it takes 

less time to complete the imaging process. Some 

authors have calculated that this imaging method 

can shorten imaging times by a factor of 24[63]. 

This means that a study that takes 12 minutes to 

complete in multiple bed positions can be 

completed in less than 30 seconds in a single bed 

position with comparable image quality, and the 

entire scan only takes 5 minutes. Additionally, 

imaging pediatric patients or patients with pain or 

claustrophobia becomes much simpler and more 

comfortable. 43 

Extended Acquisition Delay: The ability to 

obtain studies at much later time points after tracer 

injection improves the contrast between the 

tumoral lesion and background tissue. Some 

authors, like Price et al., have even observed that 

the contrast between the tumor and background 

tissue increases by about four times if the interval 

between FDG administration is increased 44. This 

phenomenon can be explained by a number of 

factors, including greater distribution of 

radiotracer on delayed images, greater 

accumulation in the tumor, renal excretion, and 

greater washout from normal tissue  Consequently, 

images obtained with a longer delay may reveal 

additional information about the extent of disease 

and allow visualization of smaller or less tracer-

avid lesions not seen on previous imaging. 45 

Drug Development: Animal models are still used 

in many labs today for pharmacokinetic and 

pharmacodynamic research, although they have 

significant drawbacks. To counter this, innovative 

therapeutic drugs have been introduced to humans 

by micro-dosing procedures that use highly 

sensitive imaging instruments (such PET and 
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single-photon emission computed tomography, or 

SPECT) 46,47. At the end of the day, microdosing 

speeds up the decision-making process by rapidly 

eliminating inefficient compounds from the drug 

pipeline and including humans before phase I 

trials.48 Very modest dosages of a radionucleotide-

labeled compound are given to perform these trials 

in order to ascertain the plasma pharmacokinetics. 

To ascertain the drug's effects when using such 

subpharmacological dosages in phase 0/micro-

dose trials, sensitive analytical instruments like 

PET are needed. Total-body PET scanning 

provides simultaneous imaging of the entire body, 

making it possible to track changes in a drug's 

distribution throughout the body and get insight 

into how an agent can concentrate in tissues over 

time. Therefore, before beginning costly clinical 

trials, clinicians can evaluate the pharmacokinetics 

and pharmacodynamics of novel therapeutic 

medicines in all bodily organs, providing crucial 

information 49,50 

Tracking Therapies Based on Cells and 

Nanoparticles: In the realm of cancer, new 

treatment approaches including cell-based 

therapies (such as adoptive immunotherapy and 

stem-cell therapy) have garnered a lot of interest 

lately. A dependable and highly sensitive 

evaluation technique, like total-body PET 

technology, is required to ascertain the in vivo 

distribution and biological destiny of injected 

compounds in order to expedite the development 

of these nanoparticle-mediated therapeutics  

Additionally, these cell-tracking techniques 

provide a unique chance to see immune cell 

trafficking, which could clarify the process 

underlying the inconsistent results associated with 

cancer immunotherapy 51 

Multi-Tracer PET Research (Injectable 

Cocktail): Although FDG-PET/CT technology is 

essential for imaging some malignancies, because 

some cancers have varying rates of glucose 

metabolism, FDG cannot be used to detect certain 

malignant lesions. The new cocktail injection 

technique, which combines two 

radiopharmaceuticals before a single PET 

collection, has been devised to get around this 

restriction 52 Similar to this, alternative cocktail 

formulae have been proposed for various cancer 

types, such as F-fluoroestradiol (FES)/FDG for 

hormone-dependent (estrogen receptor (ER)-

positive) breast cancers  or 68Ga-

DOTATOC/FDG to image neuroendocrine 

tumors.53 

CONCLUSION: 

PET is a fascinating nuclear medicine technology 

that uses non-invasive diagnostic imaging 

procedures to assess the physiological and 

chemical alterations linked to the human body's 

metabolic activities. The physics-based processes 

involved in injecting a patient with a 

radiopharmaceutical that contains a positron-

emitting radioisotope are the basis for several 

imaging techniques. The culmination of the 

physics-based exercises is electromagnetic energy, 

which is picked up and monitored by sophisticated 

PET scanners or cameras. A PET technologist uses 

the electromagnetic energy's detection and 

tracking as data to create diagnostic images, which 

a radiologist then analyzes, interprets, and reports 

to the referring physician. 

Image quality for patient investigations has 

significantly improved since the 1970s thanks to 

technological advancements in PET equipment. 

Despite being perceived as rather expensive at 

first, these developments have ultimately turned 

out to be cost-effective by creating new clinical 

uses. There is no reason to think that these 

developments won't go as far as previously 

imagined. Physicists, engineers, and the business 

community must accept the significant technical 

hurdles that will accompany this advancement. 

The potential of hitherto unheard-of uses of PET-

based molecular imaging in clinical research and 
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healthcare must serve as the impetus for these 

initiatives. 
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