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Objective: The abnormal expression of choline (Cho) metabolism is one of the factors that may contribute to the devel-
opment of breast cancer. Earlier studies proved that Cho uptakes are varied among the different subtypes of breast cancer. 
Apart from the ubiquitous 18F-Fluorodeoxyglucose (18F-FDG), the F-18 Fluorocholine (F-18 FCH) has also been proved 
to be one of the oncologic markers for PET imaging modality. However, it is never been tested on breast cancer patient. 
Therefore, this study aims to evaluate the distribution of F-18 FCH in breast cancer patient.

Materials and Methods: The biodistribution of 18F-FCH was obtained at two different time points; six minutes and 30 
minutes after administration 18F-FCH. The biodistribution data were collected within the first-hour post-injection from the 
attenuation-correction of whole-body PET scans. The estimation of radiation dosimetry was then calculated using human 
biodistribution data assuming no redistribution of tracer after one hour.

Results: The F-18 FCH uptake on the malignant tissues was distinguished compared to the uptake in surrounding normal tis-
sue, but much lower than in the liver as the time increases. The 18F-FCH showed a significant difference with high uptake in 
malignant breast cancer as compared to benign breast cancer with 18F-FCH uptake of (1.66±0.26 vs. 0.56±0.14 (p=0.007).

Conclusion: Although F-18 FCH was never tested on breast cancer patient on PET imaging, the results showed higher 
SUVmax uptake in the malignant breast tissue as the time increases.
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INTRODUCTION

As the number of patients with breast cancer has significantly increased over the year, studies have reported that 
a strong and accurate diagnostic was needed to detect breast cancer patients (1–3). There are very limited num-
bers of studies around the globe using F-18 FCH for breast cancer diagnosis in PET imaging (4, 5). The level of 
choline and phosphorylcholine are found tremendously increased in a variety of tumor cells, which represents the 
activation of choline uptake and phosphorylation in tumor cells (6–9). Recent studies reported that overexpression 
of choline metabolism is found in the epithelial of aggressiveness breast tissue (10, 11). The overexpression of 
choline levels in malignant cells can be an important indicator in detecting breast cancer. Specific cancer cases, 
such as the brain, neuroendocrine, or prostate, demonstrated that the use of F-18 FDG was pointless in PET/
CT technique due to cancer cell behavior (12, 13). Therefore, using F-18 FCH could be a surrogate marker in 
detecting the phosphorylation in cancerous breast cells.

The C-11 choline was developed for PET/CT imaging and extensively been used to detect the aggressiveness of 
cancer. However, the short half-life of only 20 minutes limits the clinical applicability of 11C-choline in centers 
without an onsite cyclotron (14, 15). Therefore, the new ligand was developed, which is Fluorine-18 with a rela-
tively long half-life of 110 minutes (16). As a consequence, the 18F-FCH was developed and successfully made a 
debut in the diagnosis of prostate ca and other cancer by enables the distribution of the 18F-FCH uptake, making 
it suitable to use as diagnostic imaging.

The highest intensity of F-18 FCH uptake was shown in the liver, pancreas, kidney, and bladder. This is due to an 
accumulation of tracer in the body (17, 18). There was a moderate-to-high intense of F–18 FCH uptake observed 
in the spleen and lachrymal glands. However, the F–18 FCH uptake was shown less intense in the bone marrow, 
small intestine, and large intestine. Meanwhile, the F–18 FCH uptake in the brain was usually negligible, except in 
the choroid plexus and pineal gland, which could occasionally be visualized in PET imaging (19, 20).

To our knowledge, there is not any study that was performed using F-18 FCH in detecting breast cancer. Thus, 
this study aims to evaluate the distribution of F-18 FCH in detecting the uptake of the lesion in breast cancer 
patients according to the selection of breast regions.
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MATERIALS and METHODS

This study was conducted prospectively using simple random sam-
pling, 21 breast cancer patients were selected from the Endocrinol-
ogy Clinic, PPUKM with BIRADS 4 or 5 from the mammogram 
results, histopathology has proven breast mass and recurrent 
breast cancer. All patients underwent 18F-Fluorocholine PET/
CT whole-body; after a week, following a successful of 18F-FCH 
examination, an MRI spectroscopy examination was performed 
at the Centre for Diagnostic Nuclear Imaging (PPDN), University 
Putra Malaysia. Demographic data and biopsy were obtained from 
the medical record patients at the Endocrinology Clinic, PPUKM. 
Written informed consent provided to all who participated in this 
study and were informed of all risks associated with this study. 
This study was obtained its approval from the Ethics Committee 
of UPM, and it was supported by the Research University Grant 
Scheme (RUGS- 6), UPM, and Fundamental Research Grant 
Scheme (FRGS) from the Ministry of Higher Education, Malaysia.

Production of F-18 FCH
The synthesis of 18F-FCH was prepared in a commercial synthesis 
module, SCINTOMICS GRP 4V module, using the N-alkylation 
of dimethylethanolamine (DMEA) with 18F-fluorobromomethane 
([18F] BrCH2F). The production of F-18 FCH was prepared at 
the Centre for Diagnostic Nuclear Imaging, UPM according to 
Hassan et al., 2016 (21) protocols. Before patient administration, 
the 18F-FCH was analyzed for its quality. The appearance, pH, 
radiochemical purity, residual solvents analysis, sterility test and 
bacterial endotoxin test of 18F-FCH was thoroughly checked to 
ensure it complies with all the release criteria and safe for patient 
administration.

Patient’s Preparation for F-18 FCH PET
Once the patient arrived at the center, the intravenous line was in-
serted to the patients to administered prepared before intravenous 
injection of F-18 FCH. The F-18 FCH dose administered was 0.11 
mci/kg or 5 MBq/kg following the patient’s body weight. In con-
trast to the F-18 FDG PET protocol, the patients were not required 
to fast. The imaging protocol started with the dynamic imaging af-
ter six minutes of post-injection to observe the dynamic flow of the 
choline marker in the body and followed by a whole-body imaging 
protocol for 60 minutes (Fig. 1).

Image Acquisition
Imaging Protocol
All patients’ images were acquired using an advanced integrated 
PET-CT system (Siemens Biograph-64, Germany). The spatial res-
olution was set at approximately 3 mm in all directions. The dy-
namic imaging was acquired to include the liver, spleen, and both 
breasts at one minute per bed position for six consecutive phases 
of PET acquisition. The delayed scan covered from thorax to ab-
domen (1-bed position x 3 min per bed position) were acquired 
after the dynamic phase, which began at approximately six to ten 
minutes after the administration of F-18 FCH with 15.5 cm field of 
view and 4.2 mm full width at half maximum spatial resolution in 
the center field of view (Fig. 1).

Image Reconstruction
From the sequentially 3-D PET image, the lesion at breast, normal  

breast tissue, and liver were selected by manually drawing the se-
lected region of interest (ROI) at 10 mm2 in each frame of image 
acquisition. From the ROI drawn, the maximum value of F-18 FCH 
concentration within organs was recorded for each frame.

Statistical Analysis
The time activity curve (TAC) describes the concentration of the 
standardized uptake value (SUVmax, g/dl) of 18F-FCH in organs 
at different time points. Table 1 shows the difference between ma-
lignant and benign lesion based on the values of 18F-FCH concen-
trations in the liver, lesion breast and normal breast tissue using an 
independent t-test. All statistical tests with P-values <0.05 were 
considered statistically significant.

RESULTS

The tabulation means of benign and malignant for breast lesion, 
normal breast tissue, and liver is presented according to benign 
breast lesion and malignant breast lesion.

There is a significant difference between malignant and benign 
[1.66±0.26 vs. 0.56±0.14 (p=0.007)] with high uptake of 18F-
FCH in breast lesion (1.66±0.26 vs. 0.56±0.14), normal breast 
(0.24±0.18 vs. 0.08±0.17) and liver (17.3±0.52 vs. 17.1±0.58) 
in malignant as compared to benign. 

Table 1. The difference means of breast lesion, normal breast and liver 

in malignant and benign breast cancer

Variables  Group

 Malignant Benign

Breast lesion (g/dl) 1.66±0.26 0.56±0.14

Normal breast (g/dl) 0.24±0.18 0.08±0.17

Liver (g/dl) 17.3±0.52 17.1±0.58

P-value (independent t-test) 0.007 0.063

PET/CT Protocol

Hot Lab

18F-FCH dose: 3 mci/subjects WB
18F-FDG dose: 8–10 mci/kg BW ro 296–370 5 Mbq/kg

Preparation room

- FBS/oral contrast
- Blood taking

Injection radiotracer in the PET/CT room

PET/CT
- Bladder emptying

- Non contrasted CT
- PET: (3 mm slice thickness)

 6 phase: 1 frame/min x6
- Static scan: After 30 mins uptake

 Base of skull to proximal thigh

Figure 1. Patients preparation and PET/CT scan protocol
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DISCUSSION

The statistical analysis in Table 1 shows that there was a significant 
difference between malignant and benign breast cancer with ma-
lignant breast cancer showed high F-18 FCH uptake, which was 
1.66±0.26 g/dl compared to benign, 0.56±0.14 g/dl. It has been 
shown that the biodistribution of the affected breast region for be-
nign breast lesion has lower choline concentration in the back-
ground as compared to the background activity of the malignant 
breast. The lack of tissue clearance with F-18 FCH administra-
tion may reflect specific metabolic trapping of the tracer through 
phosphorylation and further incorporation of the radiolabel into 
phospholipids, as recently shown in cultured prostate cancer cells 
(22–24), which provides the impression of the choline activation 
pathway is more remarkable when there is a cellular stressor of a 
malignant cellular reprogramming.

In our study, we found that malignant breast cancer showed high 
18F-FCH uptake in breast lesion and liver (1.66±0.26, 17.3±0.52) 
as compared to benign breast cancer (0.56±0.14, 17.1±0.58). A 
recent study showed that there are significant interactions between 
the metabolic of choline and oncogenic pathways (25). The most 
significant development of oncogenic signaling could be due to the 
metabolic reprogramming of choline. It is believed that the high 
glucose and choline concentration is sufficient to trigger the activa-
tion of oncogenic pathways and induce a malignant-like phenotype 
in mammary epithelial cells (26). The choline concentration varies 
in various organs, and in particular, its concentration in the liver 
and spleen with elimination using kidneys. The variation of the 
F-18 FCH tracer uptake could be due to inflammatory effects and 
physiological changes or oncogenic processes.

As shown in Figure 2 and Figure 3, the F-18 FCH uptake on 
the malignant tissues was distinguished compared to the uptake 
in surrounding normal tissue, but much lower than in the liver. 
The average SUV on the liver was found to be 10 times higher 
than in malignant tissues. This is consistent with the study led by 
which observed the concentration of F-18 radioactivity in the liver 
increased rapidly in the first 10 minutes, but then increased slowly 
thereafter (26, 27).

Table 2, shows the comparison of F-18 FCH uptake in breast le-
sions (malignant) and liver in our study as compared with a recent 

Figure 2. (a) Image of SUVmax value of FCH dynamic(below) and 18FDG images were used to verified the location of the 
lesion, normal breast tissue and liver in malignant breast cancer patients. (b) Image of 18F-FCH at 1 minutes in liver with 
SUVmax: 10.54 g/dl. (c) Image of 18F-FCH at 1 minutes in lesion breast with SUVmax 1.19 g/dl and normal tissue breast 
with SUVmax: 0.67 g/dl

a b c

Figure 3. (a) Image of 18F-FCH at 5 minutes in liver with 
SUVmax: 26.74 g/dl. (b) Image of 18F-FCH at 5 minutes 
in lesion breast with SUVmax 1.23 g/dl and normal tissue 
breast with SUVmax: 0.76 g/dl

a

b
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study. Our study reveals that the recurrent breast cancer or metas-
tasis demonstrated a broad range of SUV values in breast lesions, 
which raises the possibility that the F-18 FCH uptake is reflecting 
some phenotype of cancer (28). We found that the SUVmax value 
is low in metastasis or recurrent breast cancer with a high F-18 
FCH uptake. Therefore, the clinical-translational studies involving 
tissue genomics or metabolomics could help to ascertain the mo-
lecular basis for these variations in tumoral and breast F18 FCH 
uptake. These results were also provenance by other researchers 
that found there is low SUVmax with 0.91±0.37 in a patient with 
malignant breast cancer (29). While other studies found that the 
F-18 FCH uptake with low SUVmax value in the breast region, 
with a mean SUVmax of 0.8 (range 04.–1.1) (30).

CONCLUSION

The biodistribution of F-18 FCH showed higher uptake in malig-
nant breast cancer as the time increasing as compared to benign 
breast cancer. Therefore, F-18 FCH dynamic imaging protocol 
can be used to guide future clinical trials in patients with breast 
cancer to further evaluate the effects of imaging time and other 
parameters on cancer cell detection, response to therapy, and 
outcome measure.
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