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Abstract:  

Breast cancer (BC) affects 1 in 13 women in their lifetime. Treatment options have developed 

significantly over the past decade and have had an impact on survival. The diagnosis of BC 

recurrence is important to allow appropriate treatment. Positron emission tomography (PET) and 

positron emission tomography/computed tomography (PET/CT) are technologies that have 

application in the detection and management of cancer. The adoption of PET or PET/CT depends 

not only on their diagnostic accuracy but also on their comparative advantage over existing 

diagnostic approaches. 
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Introduction: 

The series of tests needed to evaluate a possible breast cancer usually begins when a woman 

or their doctor discover a mass or abnormal calcifications on a screening mammogram, or a lump 

or nodule in the breast during a clinical or self-examination. Less commonly, a woman might 

notice a red or swollen breast or a mass or nodule under the arm. (1) 

The following tests may be used to diagnose breast cancer or for follow-up testing after a 

breast cancer diagnosis. (2) 

1. IMAGING TESTS: 

Imaging tests show pictures of the inside of the body. The following imaging tests of the breast 

may be done to learn more about a suspicious area found in the breast during screening. In addition 

to these, there are other new types of tests that are being studied. (3) 

• Diagnostic mammography. Diagnostic mammography is similar to screening 

mammography except that more pictures of the breast are taken. It is often used when a 

woman is experiencing signs, such as a new lump or nipple discharge. Diagnostic 

mammography may also be used if something suspicious is found on a screening 

mammogram. (4) 

 

Figure (1): Diagnostic mammography (4) 

https://www.cancer.net/node/24584
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Figure (2): Breast mammography (5) 

• Ultrasound. An ultrasound uses sound waves to create a picture of the breast tissue. An 

ultrasound can distinguish between a solid mass, which may be cancer, and a fluid-filled 

cyst, which is usually not cancer. (5) 

• MRI. An MRI uses magnetic fields, not x-rays, to produce detailed images of the body. A 

special dye called a contrast medium is given before the scan to help create a clear picture 

of the possible cancer. This dye is injected into the patient’s vein. A breast MRI may be 

used after a woman has been diagnosed with cancer to find out how much the disease has 

grown throughout the breast or to check the other breast for cancer. Breast MRI is also a 

screening option, along with mammography, for some women with a very high risk of 

developing breast cancer and for some women who have a history of breast cancer. MRI 

may also be used if locally advanced breast cancer is diagnosed or if chemotherapy or 

endocrine therapy is being given first, followed by a repeated MRI for surgical planning. 

Finally, MRI may be used as a surveillance method following a breast cancer diagnosis 

and treatment. (6) 

 

https://www.cancer.net/node/24714
https://www.cancer.net/node/24714
https://www.cancer.net/node/24578
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Figure (3): Breast MRI (6) 

2. BIOPSY: 

A biopsy is the removal of a small amount of tissue for examination under a microscope. Other 

tests can suggest that cancer is present, but only a biopsy can make a definite diagnosis. A 

pathologist then analyzes the sample(s). A pathologist is a doctor who specializes in interpreting 

laboratory tests and evaluating cells, tissues, and organs to diagnose disease. There are different 

types of biopsies, classified by the technique and/or size of needle used to collect the tissue sample. 

(7) 

• Fine needle aspiration biopsy. This type of biopsy uses a thin needle to remove a small 

sample of cells. (8) 

 

Figure (4): Fine needle aspiration biopsy (8) 

• Core needle biopsy. This type of biopsy uses a wider needle to remove a larger sample of 

tissue. This is usually the preferred biopsy technique for finding out whether an 

abnormality on a physical examination or an imaging test is invasive cancer and, if so, what 

the cancer biomarkers are, such as hormone receptor status (ER, PR) and HER2 status. 

Biomarkers, sometimes called tumor markers, are substances in a person’s blood, urine, or 

other body fluids that can also be found in or on the tumor. They are made by the tumor or 

by the body in response to the cancer. This information will help develop a treatment plan. 

Local anesthesia, which is medication to block pain, is used to lessen the patient’s 

discomfort during the procedure. (9) 

https://www.cancer.net/node/24578
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Figure (5): Core needle biopsy (9) 

• Surgical biopsy. This type of biopsy removes the largest amount of tissue. Because 

surgery is best done after a cancer diagnosis has been made, a surgical biopsy is usually 

not the recommended way to diagnose breast cancer. Most often, non-surgical core needle 

biopsies are recommended to diagnose breast cancer in order to limit the amount of tissue 

removed. Since many people who are recommended to undergo breast biopsy are not 

diagnosed with cancer, using a needle biopsy for diagnosis reduces the number of people 

who have surgery unnecessarily. (10) 

 

Figure (6): Surgical biopsy (10) 

• Image-guided biopsy. During this procedure, a needle is guided to the location of the mass 

or calcifications with the help of an imaging technique, such as mammography, ultrasound, 

or MRI. A stereotactic biopsy is a type of image-guided biopsy that is done using 

mammography to help guide the needle. Your doctor will let you know what type of biopsy 

is best for your situation. A small metal clip is usually put into the breast at the time of 

biopsy to mark where the biopsy sample was taken, in case the tissue is cancerous and more 
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surgery is needed. This clip is usually titanium so it will not cause problems with future 

imaging tests, but check with your doctor before you have any imaging tests done. (11) 

 

Figure (7): Image-guided biopsy (11) 

• Sentinel lymph node biopsy. When cancer spreads through the lymphatic system, the 

lymph node or group of lymph nodes the cancer reaches first is called the “sentinel” lymph 

node. In breast cancer, these are usually the lymph nodes under the arms called the axillary 

lymph nodes. The sentinel lymph node biopsy procedure is a way to find out if there is 

cancer in the lymph nodes near the breast. (12) 

 

Figure (8): Sentinel lymph node biopsy (12) 

BREAST POSITRON EMISSION TOMOGRAPHY 

Breast positron emission tomography (PET) is an organ-specific high-resolution 

technology that is used to visualize the metabolism of the breast. PET scanning is a nuclear 

medicine technique that images the flow of molecules in the body. This is made possible by 

attaching a radionuclide to a molecule that enters into metabolic pathways; the photons emitted 

when the radionuclide decays are then imaged. While anatomic imaging allows visualization of 

body structures, PET molecular imaging allows visualization of molecular flow and metabolic 

processes within the body (13) 
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The primary benefit of PET imaging is that diseases such as cancer often first manifest as 

disordered metabolism before anatomic changes can be seen. In addition, dense breast tissue or 

scarring may cause anatomic techniques (mammography, MRI, ultrasonography) to be 

indeterminate. In such cases, knowing whether an anatomic structure is glucose hypermetabolic 

can be critical in the determination of proper medical management (14) 

Breast PET typically utilizes the radiotracer F-18 fluorodeoxyglucose (F-18 FDG) to image 

glucose metabolism; however, other radiotracers are under development. L-methyl-[11C]-

methionine ([11C]C-MET) is one of the first radiolabeled amino acids used to assess amino acid 

metabolism in PET imaging. Uptake of [18F]F-FACBC ([18F]-fluciclovine) has been shown to be 

higher in breast cancer lesions than in benign lesions and healthy breast tissue, with a higher uptake 

in patients with a higher tumor grade. In some studies, [11C]C-labeled tyrosine (L-[1-11C]C-

tyrosine), has been shown to be more accurate than F-18 FDG in differentiating malignant lesions 

from benign lesions, and [18F]-(2S, 4R)4-fluoroglutamine ([18F]F-FGln), has been used in the 

assessment of glutamine pool changes in patients with triple-negative breast cancer (TNBC) (15) 

A tracer with great promise is [18F]fluoroestradiol (FES), which can be used for whole-

body assessment of estrogen-receptor status. The FDA approval of FES-PET was based on the 

excellent ability to predict estrogen-receptor expression status on pathology; patients with a 

positive FES-PET have estrogen receptors on immunohistochemistry. The presence of estrogen 

receptors is the only factor that can predict the effectiveness of endocrine therapy (16) 

Whole-body PET cameras are typically combined with a CT scanner to allow acquisition 

of anatomic and molecular information from a single procedure. These hybrid PET/CT cameras 

are donut-shaped. During the procedure, the patient is passed through the central hole of the 

camera. PET/CT cameras have the detector several centimeters away from the body surface, which 

limits scan resolution. While PET/CT cameras are useful for whole-body imaging, breast-specific 

PET imaging, known as positron emission mammography (PEM), requires the PET camera to be 

configured like a mammography machine. PEM cameras utilize 2 small movable flat detectors that 

are pressed directly against the breast. The camera technology utilized by PEM has been shown to 

be more sensitive than whole-body PET/CT imaging in the detection of breast tumors (17) 

http://reference.medscape.com/drug/4000115
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Figure (9): Grade III multifocal infiltrating ductal carcinoma as seen on F-18 fluorodeoxyglucose 

positron emission tomography . This organ specific positron imaging technique results in a much 

higher resolution (down to 1 to 2 mm) compared to whole body PET/CT imaging (17) 

• Indications: 

Positron emission mammography (PEM) is particularly useful when other imaging scan results 

are indeterminate. It has a useful complementary role to mammography, ultrasonography, and 

MRI. PEM can assist in presurgical planning in breast cancer, monitoring response to therapy, and 

evaluating for tumor recurrence. In some cases, it may be useful in breast cancer staging and in 

helping guide breast biopsies. PEM has a sensitivity and specificity of over 90% in the detection 

of primary breast cancer (18) 
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Figure (10): This image demonstrates the ability of positron emission tomography to quickly 

assess response to chemotherapy, as early as 1 week after the first cycle (18) 

• Outcomes: 

When required, a PET-guided breast biopsy has been found to be safe, effective, and associated 

with only minimal to mild discomfort. The camera technology utilized by PEM has been shown 

to be more sensitive than whole-body PET/CT imaging in the detection of breast tumors. PEM has 

a sensitivity and specificity of over 90% in the detection of primary breast cancer.  In a 

retrospective study, Satoh et al determined that whole-body total lesion glycolysis (WTLG) on 

FDG PET/CT images is an independent prognostic factor for survival in breast cancer patients 

who have metastases on initial presentation. Although very rare, hypersensitivity allergic reactions 

to the radiotracer can occur (19). 

PET SCANNING 

Positron emission tomography (PET) scanning is an imaging modality with primary use in 

the field of oncology. It utilizes radiotracers for measuring various metabolic processes in the 

body. Various changes in metabolism, blood flow, and regional chemical composition can be 

analyzed by it (20) 

Radio-tracers can be injected, swallowed, or inhaled depending upon the site of the body 

being examined, and the tracer gets trapped in various tissues of the body depending upon the 

affinity. Areas of higher activity show higher uptake and brighter spots on images (21) 

Unstable nuclei of radioactive-tracer emit positrons that produce gamma rays upon the 

combination with the neighboring electrons. The gamma rays are detected by a ring of detectors 
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in the scanner. A computer then uses this data to create a 3D-image of the tracer in the body. 

Various tracers are utilized depending on the targets (22) 

Procedures 

The tracer may be administered via an intravenous route, orally or via inhalation. The tracer 

takes some time to distribute throughout the body. A contrast may be administered intravenously 

or orally if a PET-CT is to be done. Positioning depends upon the site to be scanned. The PET 

machine has a central hole through which the patient slides through. First images are generally 

scout images to assess whether the positioning is correct. Sometimes breath-holding maybe 

required. The scan takes anything from 30 minutes to 1 hour (23) 

Oncology  

Tracers used commonly include fluorine-18 (18F) fluoro-deoxyglucose (FDG), called 

[18F] FDG PET. 18F-FDG being a glucose analog, gets picked up by the cells instead of regular 

glucose for metabolism. Glucose gets phosphorylated by hexokinases. The values of the 

mitochondrial form of this enzyme are raised in cancers that are rapidly growing (24) 

In locations of cancer, the metabolic activity is quite high; hence the glucose uptake is quite 

high. So this 18F-FDG also gets taken up quite significantly in these locations, and then this shows 

up as a bright spot on the PET scan. This helps in the detection of metastasis also. Typical doses 

amount to 7.5 mSv. In the generation of 18-F FDG, the hydroxyl group is replaced by radioactive 

Fluorine. This hydroxyl group is essential in glucose metabolism steps & its absence causes the 

stoppage of further reactions in the cells. Most tissues (except liver & kidney) can’t remove the 

phosphate which hexokinase has added. So, the 18F-FDG gets trapped inside the cell till its decay. 

This is because phosphorylation of sugar leads to the development of ionic charge, which prevents 

the exit of the sugar from the cell till its decay. Hence tissues with higher glucose uptake & 

utilization like brain, liver, kidneys, and most of the cancers (due to Warburg effect) show intensive 

radio-labeling (25) 

FDG-PET is used for diagnosis, staging, and monitoring cancers, particularly in Hodgkin's 

lymphoma, non-Hodgkin lymphoma, and lung cancer. In a study, the likelihood ratio for 

malignancy in a solitary pulmonary nodule with an abnormal FDG-PET scan was 7.11. This study 

suggested that the FDG-PET scan is more accurate than the standard criteria for diagnosis. FDG-

PET can be used as an adjunct test in solitary pulmonary nodule evaluation (26) 

In assessing FDG-PET in staging patients with non-small cell carcinoma, FDG-PET had a 

higher sensitivity (71% vs 43%), positive predictive value (44% vs 31%), negative predictive value 

(91% vs 84%) & accuracy (76% vs 68%) than computed tomography (CT) scan for N2 lymph 

nodes. Whereas, FDG-PET had a higher sensitivity (67% vs. 41%) but lower specificity (78% vs. 

88%) than CT scan for N1 lymph nodes. It accurately upstaged 28 patients (7%) with unsuspected 
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metastasis & down-staged 23 patients (6%). Hence it can be concluded that the FDG-PET scan 

allows for improved patient selection & accurately stages the mediastinum. However, there were 

many false positives lymph nodes, and it may miss N2 disease in the #5, #6, and #7 stations (27) 

A positive FDG-PET scan means a tissue biopsy is indicated in that location. In FDG-PET 

evaluation of cancers of the esophagus and gastroesophageal junction, FDG-PET had lower 

accuracy in the diagnosis of locoregional nodes (N1–2) than combined CT (computed 

tomography) and EUS (endoscopic ultrasound) (48% vs. 69%) because of a lack of sensitivity 

(22% vs. 83%) (28) 

The accuracy for distant nodal metastasis was significantly higher for FDG-PET than the 

combined use of CT & EUS. Sensitivity was no different, however, specificity was higher. FDG-

PET correctly upstaged five patients (12%) from N1–2 stage to the M+Ly stage, while one was 

falsely downstaged by FDG-PET scanning. In a study on the role of FDG PET scan in colorectal 

cancer screening in asymptomatic adults, it was found that sensitivity of FDG-PET to detect 

primary colorectal cancer is high, primary colorectal cancer being detected with FDG PET in a 

resectable stage. FDG-PET could detect large size (> 0.7 cm) and pre-malignant change of colonic 

adenomas. It’s possible to differentiate adenoma from carcinoma of the colon by assessing the 

increase in the rate of glycolysis in carcinoma (29) 

FDG-PET has a role in the detection of recurrent cervical cancer in symptomatic and 

asymptomatic women. Thiry percent of asymptomatic women had recurrent disease detected by 

PET scan compared to 66.7% of symptomatic women. The sensitivity of PET for recurrent disease 

in asymptomatic women was 80.0%, specificity 100%, the positive predictive value of 100% and 

a negative predictive value of 88.9%.  

For symptomatic women, the sensitivity of PET was 100%, specificity 85.7%, the positive 

predictive value of 93.3%, and negative predictive value of 100%. Hence, whole-body PET can 

be a sensitive imaging modality for the detection of recurrent cervical carcinoma in both 

symptomatic and asymptomatic women also (30) 

The 68-gallium DOTA peptide is used to detect primary and metastatic neuroendocrine 

tumors (NETs). NETs express somatostatin receptors (SSTRs), with SSTR2 (51%) of cases, 

followed by SSTR1 (47%) and SSTR5 (43%). The remaining SSTR4 (36%) and SSTR3 (23%) 

have low expression levels. The 68-gallium DOTA PET-CT was able to detect significantly more 

lesions in patients with negative anatomical imaging compared with 111-ln-octreoscan (30 vs. 2; 

p = 0.028). Pfeifer et al. reported a sensitivity of 88% for ln-octreoscan in comparison to 97% for 

the 64-Cu DOTA PET-CT (31). 
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