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Abstract: Purpose: To study the relationship between (FDG) uptake expressed quantitatively as standardized uptake 

values (SUVs) in normal breast tissues and breast density, age, menopausal status determined during dual-time point FDG-

PET/CT imaging. Materials and Methods: maximum and average SUVs were determined in two hundred eighty four 

patients (all females; mean age 55.5 ± 14.1 range 13-84 years, 115 premenopausal, 169 postmenopausal) with newly 

diagnosed unilateral breast cancer, gynecological cancer and lung cancer were analyzed. One hundred forty two (50%) 

patients had dense breast whereas 142 (50%) patients had non-dense breast according to the ACR Lexicon criteria. All the 

patients underwent dual time point imaging sequential PET/CT scans for preoperative staging. In the present study, we 

analyzed maximum and average SUVs for the normal breast parenchyma and nipple regions. Results: Of the 284 normal 

breast parenchyma; 64.4% showed a decrease and 35.6% showed either no change 20.1% or an increase 15.5% in SUV 

over time. Similar values for the normal tissue in the nipple region were; 77.5% showed a decrease and 22.5% showed 

either no change 13% or an increase 9.5% in SUV over time. There was significant difference in maximum and average 

SUVs of breast parenchyma and nipple in patients with dense and nondense breasts (p < 0.0001). There were trends of 

negative relationship between physiological FDG uptake and age (p < 0.0001). Furthermore, there was significant 

difference in maximum and average SUVs of breast parenchyma with different menopausal status (p < 0.0001). Our 

analysis revealed that breast density, age and menopausal status were significant predictors for FDG uptake in the normal 

breasts. Conclusion: There was a significant difference in SUVs between the dense and non-dense normal breast. 

Menopausal status and age do significantly affect the uptake of FDG. Delayed phase imaging can improve the accuracy of 

the test in the evaluation of breast cancer as the physiological FDG uptake decrease so the pathological uptake becomes 

prominent and could be easily depicted. 
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Delayed Imaging, Breast Density, Menopause 

 

1. Introduction 

Breast cancer is the commonest cancer in women and is 

the second leading cause of cancer deaths
 
[1]. Although it is 

curable
 
when detected early, about one third of women with 

breast cancer
 

die of the disease [2]. Screening with 

conventional mammography along with physical 

examination is a sensitive method for the early detection of 

breast cancer and has also been shown to decrease 

associated mortality [3-7]. 

Mammography reduces breast cancer mortality [5] but, 

especially
 

in women with dense breasts, has limited 

diagnostic accuracy,
 
which results in a considerable number 

of missed cancers. Breast
 
density is a measure of stromal 

and epithelial breast tissue
 
[8] and is classified into 1 of 4 

groups as defined by the Breast
 
Imaging Reporting And 

Data System (BI-RADS): almost entirely
 
fatty (group 1), 

scattered fibroglandular tissue (group 2), heterogeneously 

dense (group 3), and extremely
 
dense (group 4).

 
Moreover, 

the sensitivity of mammography for detecting breast cancer 

declines significantly with increasing breast density [9-10]. 

Mammography detects breast cancer with sensitivities 

ranging from only 30% to 68% in women with dense or 

very dense breasts. In women aged 50-64 y who had dense 

breasts and had undergone estrogen replacement, the 

sensitivity was 55%. [3, 10-11]. In addition, diagnosis can 

be difficult in young women with dense breasts, in those 

with implants, and after surgery or irradiation to the breast 
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tissue [12]. 

Mandelson et al. [10] reported sensitivities for breast 

cancer detection of 80%, 59%, and 30% in women with 

predominantly fatty breast tissue, heterogeneously dense 

breasts, and extremely dense breasts, respectively. The 

authors concluded that "breast density is one of the 

strongest, if not the strongest, predictor of the failure of 

mammographic screening to detect cancer". Finally, 

increasing mammographic density is associated with a 

higher false-positive rate [13]. Foxcroft et al. [11] reported 

similar limitations for mammographic screening and 

recommended that women with dense breasts should 

undergo different screening tests. 

2-Deoxy-2-[F-18] fluoro-D-glucose (FDG)-positron 

emission tomography (PET) imaging has been proposed as 

a diagnostic modality for improved detection of breast 

cancer and is shown to be highly accurate in characterizing 

palpable breast lesions [14-16]. One of the important 

advantages of FDG-PET over other imaging techniques is 

that it can provide a very high measure of contrast between 

normal and malignant tissues. FDG-PET has been well 

established in differentiating between benign and malignant 

tumors including breast cancer and is also of value in 

evaluating loco-regional spread and distant metastasis 

[17-18]. 

Similar to mammography, breast density may also have 

an effect on the interpretation of FDG-PET. This was 

confirmed for the first time in a retrospective study by 

Vranjesevic et al. [19]. Because dense breasts contain more 

cells per volume, one may expect an overall higher uptake 

of FDG in these tissues, which could make the diagnosis of 

breast malignancies more difficult. In our own experience, 

we have noticed that patients with clinically dense breasts 

tend to have increased FDG uptake on PET [20]. 

It has been reported, that the accuracy of FDG-PET/CT 

could be further enhanced by dual-time point imaging. 

However, this method is not universally used. The present 

study was aimed at assessing the pattern of physiological 

uptake by normal breast tissue expressed by standardized 

uptake value (SUV) at both phases of dual time point 

FDG-PET/CT imaging in normal breast with variations of 

age, breast density, and hormonal status. 

2. Patients and Methods 

2.1. Patient Population 

This prospective study was approved by the review 

board of our institute. Written informed consent was 

obtained from all patients. Two hundred eighty four 

patients (all females; age mean 55.5 ± 14.1, 95%CI 53.9-

57.2, median 57, range 13-84 years, premenopausal 115; 

postmenopausal 169) with newly diagnosed unilateral 

breast cancer, gynecological cancer (ovarian cancer, 

cervical cancer, endometrial cancer, benign leiomyoma), 

and lung cancer were analyzed. In the present study, we 

retrospectively analyzed maximum and average SUVs for 

the normal breast (142 right and 142 left breast). One 

hundred forty two (50%) patients had grade III or IV 

mammographic density (dense breast) whereas 142 (50%) 

patients had grade I or II breast density (nondense breast) 

according to the ACR Lexicon criteria. The breast tissue 

density was suggested by mammography. All the 

mammographic studies were obtained within 4 weeks 

before to the FDG-PET scan. The patients underwent 

multimodality imaging techniques, such as digital 

mammography, ultrasonography, CT, MRI, and FDG-

PET/CT. None of the patients had received chemotherapy 

or radiation therapy before they underwent dual time point 

FDG-PET/CT for preoperative staging.  

Table 1. Basic Clinical and Pathological Characteristics of the Patients 

No. of Patients 284 

Sex all female 

Age (years); mean (95% CI, 

median, range) 
55.5±14.1 (53.9-57.2, 57, 13-84) 

Histopathology  

Unilateral breast cancer 164 

Lung cancer 60 

Gynecological cancer 60 

SUVmax normal breast; mean (95% CI, median, range) 

SUVmax1 1.11±0.47 (1.06-1.17, 1.10, 0.50-3.60) 

SUVmax2 0.94±0.47 (0.88-0.99, 0.90, 0.20-3.20) 

∆ SUVmax% 
-13.24±25.90 (-16.35- -10.13, -18.20, -

80.00-100.00) 

SUVmax normal nipple; mean (95% CI, median, range) 

SUVmax1 1.18±0.40 (1.11-1.24, 1.10, 0.50-2.20) 

SUVmax2 0.86±0.34 (0.80-0.92, 0.80, 0.20-1.70) 

∆ SUVmax% 
-26.20±26.70 (-31.30- -21.10, -33.30, -

60.00-60.00) 

SUVav normal breast; mean (95% CI, median, range) 

SUVav1 0.52±0.23 (0.48-0.56, 0.50, 0.20-1.30) 

SUVav2 0.40±0.16 (0.37-0.43, 0.40, 0.10-0.70) 

∆ SUVav% 
-15.80±38.49 (-22.85- -8.75, -25.00, -

66.70 – 133.30 

SUVav normal nipple; mean (95% CI, median, range) 

SUVav1 0.58±0.20 (0.54-0.61, 0.60, 0.20-1.10) 

SUVav2 0.45±0.18 (0.41-0.48, 0.45, 0.10-0.80) 

∆ SUVav% 
-19.00±39.53 (-26.52- -11.44,-22.5, -

66.70-150) 

2.2. FDG-PET/CT Imaging and Assessment 

Patients fasted for at least 6 h before the PET scan and
 

had blood glucose levels of <140 mg/dl at the time of 

injection.
 
PET/CT was performed with a dedicated whole-

body PET scanner (Biograph Sensation 16 PET-CT Scanner;
 

Siemens Medical Systems). All the patients underwent dual 
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time point imaging sequential PET/CT scans for 

preoperative staging with an average time interval of 

approximately 50-60 min between
 
the two phases. The first 

scan was performed as
 
whole-body images from head to 

thigh, with acquisition of 6-7 bed positions; resulting in a 

complete axial length of 80-100
 
cm. Imaging began 55-60 

min after injection of
 18

F-FDG (4.5 MBq/kg of body 

weight). In all cases, 
18

F-FDG radiochemical purity was > 

95% and specific activity was > 47 GBq/µmol. FDG was 

infused using a volume of 8-15 ml over 2-3 minutes in the 

antecubital vein contralateral to the affected breast. 

Delayed imaging began at approximately 110-120 min
 
after 

FDG injection. Transmission scans were performed for
 
all 

patients to provide attenuation correction with CT. The PET 

slice thickness was 3.4 mm. Three-dimensional (3D) data 

were acquired without septa, with image reconstruction and 

scatter correction using a computer system (e-soft nuclear 

medicine acquisition, processing, and viewing software). 

Visual assessment included assessing both sets of images at 

the same time. Analysis was based on measuring the 

maximum and average FDG uptake at the normal breast at 

both time points. 

2.3. Image Analysis 

PET images were reconstructed using measured 

attenuation correction, dead-time correction and decay 

correction to the beginning of each scan. The maximum 

(SUVmax) and average (SUVav) standardized uptake value 

of FDG was measured from both time points; time point 1 

(SUV1) and time point 2 (SUV2) for the breast 

parenchyma proper and nipple region. Visual assessment, 

image interpretation and data analysis were performed 

independently by two expert dual qualified 

radiology/nuclear medicine physicians. They were aware of 

the patients’ clinical history, which was provided by the 

referring physician, but were blinded to the results of other 

imaging studies if these were performed. When there was a 

difference between the two observers, a mean was 

calculated to determine the final SUV. After image 

reconstruction, a free-hand ROI was carefully overlaid onto 

3-6 PET scan slices at the site of the normal breast tissue. 

The SUVs for imaging at the second time point were 

obtained with the same techniques as those used for 

imaging at the first time point. The maximum and average 

FDG uptake on the consecutive early scans was obtained 

for quantitative measurement of the metabolic activity of 

the tracer. From the ROIs, the SUV was calculated 

according to the following formula: (mean ROI activity 

[MBq/g])/(injected dose [MBq]/body weight [g]), where g 

= grams. The ∆SUV% change over time (retention index RI) 

is defined as follows: (SUV2-SUV1)/(SUV1)x100, where 

SUV1 and SUV2 are the values of SUV at the initial and 

delayed phases, respectively. ∆SUV% is usually expressed 

as a percentage. The percentage change in the SUV of the 

normal breast between the 2 time points was calculated for 

the purpose of the investigation. 

Previously reported that there is no significant difference 

was noted in maximum and average SUV among right and 

left breasts as well as the right and left nipple (20). The 

PET results from different semiquantitative parameters 

(SUVmax, SUVav) were then compared together between 

different groups to estimate the optimal method with the 

highest accuracy for estimating the physiological uptake at 

the normal breast tissue for the purpose of differentiating 

physiological from pathological uptake. 

2.4. Statistical Analysis 

Descriptive statistics were used to summarize the 

baseline clinical profile/data. Paired t test was used to 

obtain the mean significant difference among values of 

uptake between the left and right breasts, whereas unpaired 

t test was applied to assess the mean significant difference 

among the uptake between premenopausal and 

postmenopausal, and dense and nondense breasts. One-way 

analysis of variance (ANOVA) with post-hoc analysis was 

used to determine the mean significant difference among 

the values of uptake in various categories of age (≤44 years, 

45-55, 56-65 and ≥66 years). 

Bivariate Pearson correlation was used to examine the 

linear relationship between various quantitative variables. 

In addition, stepwise multiple regression analysis was 

carried out to assess the effect of several independent 

covariates such as age, breast density, menopausal status, 

etc., on dependent (outcome) variable uptake. A p value of 

less than 0.05 was considered as a significant level. 

To analyze the relationship between age, menopause 

state, breast tissue density and SUV; patients were sorted 

into groups according to age patients were divided into four 

groups (I: ≤44 years, II: 45-55 years, III: 56-65 years and 

IV: ≥66 years), according to menoupause state into two 

groups (premenopausal and post menopausal) and 

according to breast tissue histological features, patients 

were divided dense and nondense breast. All 

semiquantitative data were expressed in terms of mean ± 

SD. All statistical analyses were two sided with 

significance defined as P < 0.05. Three levels of statistics 

were performed. Analysis of the correlationship between 

early and delayed phases parameters was performed by 

Spearman's rank test to determine the correlation 

coefficient of the semiquantitative parameters change 

overtime between the early and delayed phases. 

3. Results 

Two hundred and eighty four female patients were 

investigated in this study. Patient characteristics are age; 

mean 55.5 ± 14.1, 95%CI 53.9-57.2, median 57, range 13-

84 years, menopausal status; 115 premenopausal, 169 

postmenopausal, 142 right and 142 left breast. They present 

with newly diagnosed unilateral breast cancer, 

gynecological cancer (ovarian cancer, cervical cancer, 

endometrial cancer, benign leiomyoma), and lung cancer. 

One hundred forty two (50%) patients had grade III or IV 

mammographic density (dense breast) whereas 142 (50%) 
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patients had grade I or II breast density (nondense breast) 

according to the ACR Lexicon criteria. 

3.1. SUV Measurements 

In all patients, the SUVmax and SUVav could be 

calculated for the normal breast parenchyma mammary 

tissue proper and nipple area. Of the 284 normal breast 

parenchyma; 183 (64.4%) showed a decrease and 101 

(35.6%) showed either no change {57 (20.1%)} or an 

increase {44 (15.5%)} in SUV over time (figure 1.1.). 

Similar values for the normal tissue in the nipple region 

were; 220 (77.5%) showed a decrease and 64 (22.5%) 

showed either no change {37 (13%)} or an increase {27 

(9.5%)} in SUV over time (figure 1.2.). 

 

Figure 1.1. 

 

Figure 1.2. 

Normal breasts parenchyma maximum standardized 

uptake values (SUVmax); SUVmax1, SUVmax2, and 

∆SUVmax% mean values were; 1.11 ± 0.47, 0.94 ± 0.47, 

and -13.24 ± 25.90 while average standardized uptake 

values (SUVav); SUVav1, SUVav2, and ∆SUVav% mean 

values were; 0.52 ± 0.23, 0.40 ± 0.16, and -15.80 ± 38.49. 

Similar values for the normal tissue in the nipple region 

were 1.18 ± 0.40, 0.86 ± 0.34, and -26.20 ± 26.70 for 

SUVmax values, and 0.58 ± 0.20, 0.45 ± 0.18, and -19.00 ± 

39.53 for SUVav values. 

The highest maximum SUV and average SUV at the 

early phase and delayed phases for the normal breast 

parenchyma were 3.60, 1.30 for the early phase and 3.20, 

0.70 for the delayed phase respectively. The same values 

for the nipple were 2.20, 1.10 for the early phase and 1.70, 

0.80 for the delayed phase respectively. There was no 

significant difference in SUVs between breast parenchyma 

and nipple (P = 0.2607, 0.0828 for the early and delayed 

phases respectively). 

The percentage change (decrease) between SUVmax1 

and SUVmax2 as well as between SUVav1 and SUVav2 

over time was significant (P < 0.0001) (figures 2.1., 2.2.). 

(figures 3.1., 3.2.) are before-after plot graphs displaying 

change (decrease) in nipple region SUVmax and SUVav 

against time interval between the dual scans. It 

demonstrates a significant correlation between SUVmax 

and SUVav change and time interval (P <0.0001). 

Of the 44 normal breasts that showed an increase in SUV 

over time, there were no obvious focal lesions in the follow 

up imaging. While breast cancer SUVmax increased over 

time by 19.1% [21], the mean physiological uptake of 

normal breast tissue parenchyma and nipple region 

decreased over time by -13.24%, -26.20% for maximum 

(∆SUVmax%) and -15.80, -19.00% for average (∆SUVav%) 

uptake values. 

 

Figure 2.1. Breast Parenchyma Maximum SUV Change Over Time 

 

Figure 2.2. Breast Parenchyma Average SUV Change Over Time 



60  Ashraf Anas Zytoon:  Standardized Uptake Value Variations of Normal Glandular Breast Tissue at  

Dual Time Point FDG-PET/CT Imaging 

 

Figure 3.1. Breast Nipple Maximum SUV Change Over Time 

 

Figure 3.2. Breast Nipple Average SUV Change Over Time

3.2. Relationship of SUV with Breast Density 

Maximum and average SUVs for normal tissue of dense 

breasts were 1.32 ± 0.52 and 0.72 ± 0.42 at the early phase, 

1.20 ± 0.53 and 0.52 ± 0.11 at the delayed phase and -8.56 

± 32.21 and -1.06 ± 50.50 for the change over time 

(∆SUVmax%, ∆SUVav%) between the early and delayed 

phases respectively. Similar values for the non dense 

breasts were 0.88 ± 0.22 and 0.41 ± 0.12 at the early phase, 

0.71 ± 0.23 and 0.27 ± 0.11 at the delayed phase, -8.67 ± 

44.30 and -29.51 ± 21.67 for the SUV change over time 

(∆SUVmax%, ∆SUVav%) between the early and delayed 

phases respectively (table 2). There was significant 

difference in maximum and average SUVs of breast 

parenchyma in patients with dense and nondense breasts (p 

< 0.0001; figures 4.1., 4.2.).  

Table 2. Showing the mean values of SUVs (early phase, delayed phase) in patients with different breast densities 

Menopausal 

Status 

No. of 

patients 

Maximum SUV (breast) Average SUV (breast) Maximum SUV (nipple) Average SUV (nipple) 

EARLY DELAYED EARLY DELAYED EARLY DELAYED EARLY DELAYED 

Dense Breast 142 1.32 ± 0.52 1.20 ± 0.53 0.72 ± 0.42 0.52 ± 0.11 1.36 ± 0.40 0.96 ± 0.30 0.68 ± 0.20 0.53 ± 0.16 

Non Dense 

Breast 
142 0.88 ± 0.22 0.71 ± 0.23 0.41 ± 0.12 0.27 ± 0.11 0.99 ± 0.28 0.76 ± 0.33 0.49 ± 0.14 0.38 ± 0.17 

 

Maximum and average SUVs for nipple of dense breasts 

were 1.36 ± 0.40 and 0.68 ± 0.20 at the early phase, 0.96 ± 

0.30 and 0.53 ± 0.16 at the delayed phase and -30.09 ± 

12.30 and -20.19 ± 27.84 for the change over time 

(∆SUVmax%, ∆SUVav%) between the early and delayed 

phases respectively. Similarly, the values for the nondense 

breasts were 0.99 ± 0.28 and 0.49 ± 0.15 at the early phase, 

0.76 ± 0.33 and 0.38 ± 0.17 at the delayed phase, -21.77 ± 

33.53 and -20.03 ± 47.50 for the SUV change over time 

(∆SUVmax%, ∆SUVav%) between the early and delayed 

phases respectively (table 2). There was significant 

difference in SUVs of nipple in patients with dense and 

nondense breasts (p < 0.0001; figures 5.1., 5.2.).  

 

Figure 4.1. Relationship between maximum SUV and parenchymal breast 

density. 
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Figure 4.2. Relationship between average SUV and parenchymal breast 

density. 

 

Figure 5.1. Relationship between maximum SUV and nipple breast density. 

 

Figure 5.2. Relationship between average SUV and nipple breast density. 

The relationship of SUVs with breast density is shown in 

graphs (figures 4 and 5). No significant difference was 

noted in maximum and average SUVs among right and left 

breasts as well as right and left nipple. Typical breast PET, 

CT and corresponding PET/CT slices of dense (figures 6A-

C) and non-dense (figures 6D-F) categories are given in 

figure 6. 

 
 

3.3. Relationship of SUV with Age 

The mean values of maximum and average SUVs for 

breast parenchyma and nipple in four different age groups 

are given in table 3.  
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Table 3. Showing the mean values of SUVs (early phase, delayed phase) in patients with different age groups 

Age (years) 
No. of 

patients 

Maximum SUV (breast) Average SUV (breast) Maximum SUV (nipple) Average SUV (nipple) 

EARLY DELAYED EARLY DELAYED EARLY DELAYED EARLY DELAYED 

≤44 years 61 1.48 ± 0.77 1.28 ± 0.77 0.86 ± 0.54 0.55 ± 0.10 1.17 ± 0.40 1.02 ± 0.39 0.77 ± 0.19 0.57 ± 0.19 

45-55 years 75 1.14 ± 0.31 0.91 ± 0.31 0.44 ± 0.11 0.36 ± 0.16 1.28 ± 0.44 0.89 ± 0.34 0.61 ± 0.20 0.48 ± 0.22 

56-65 years 72 1.05 ±  0.24 0.98 ± 0.35 0.54 ± 0.15 0.43 ± 0.10 0.99 ± 0.22 0.83 ± 0.29 0.48 ± 0.14 0.42 ± 0.13 

≥66 years 76 0.86 ± 0.22 0.70 ± 0.26 0.38 ± 0.18 0.28 ± 0.18 1.06 ± 0.33 0.70 ± 0.31 0.51 ± 0.13 0.36 ± 0.12 

 

There was significant difference in maximum and 

average SUVs of breast parenchyma and nipple in patients 

of different age groups (p < 0.0001). However, there were 

trends of negative relationship, i.e., decreasing SUVs with 

increasing age (figures 7.1., 7.2., 8.1., 8.2.). 

 

Figure 7.1. R = -0.47 (95%CI -0.56 to -0.37, p < 0.0001) 

 

Figure 7.2. R = -0.39 (95%CI -0.48 to -0.28, p < 0.0001) 

 

Figure 8.1. R = -0.20 (95%CI -0.31 to -0.08, p = 0.0009) 

 

Figure 8.2. R = -0.35 (95%CI -0.45 to -0.24, p < 0.0001)

3.4. Relationship of SUV with Menopausal Status 

The mean values of maximum and the average SUVs for 

right breast, left breast, right nipple, and left nipple in 

patients with premenopausal, perimenopausal, and 

postmenopausal status are given in table 4. There was 

significant difference in maximum and average SUVs of 

breast parenchyma and nipple in patients with different 

menopausal status (p < 0.0001).  

Our analysis revealed that breast density, age and 

menopausal status were significant predictors for FDG 

uptake in the normal breasts.  

Table 4. Showing the mean values of SUVs (early phase, delayed phase) in patients with different menopausal status 

Menopausal 

Status 

No. of 

patients 

Maximum SUV (breast) Average SUV (breast) Maximum SUV (nipple) Average SUV (nipple) 

EARLY DELAYED EARLY DELAYED EARLY DELAYED EARLY DELAYED 

Premenopausal 115 1.33 ± 0.62 1.10 ± 0.60 0.72 ± 0.47 0.50 ± 0.15 1.45 ± 0.43 1.04 ± 0.31 0.71 ± 0.20 0.57 ± 0.16 

Postmenopausal 169 0.97 ± 0.26 0.84 ± 0.32 0.46 ± 0.16 0.35 ± 0.15 1.02 ± 0.29 0.77 ± 0.31 0.50 ± 0.15 0.39 ± 0.17 
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4. Discussion 

Conventional screen-film mammography has limited 

sensitivity for detection of breast cancer especially in 

breasts with dense fibroglandular tissue [9]. Digital 

mammography was developed to address some of the 

limitations of screen film mammography. However, 

accuracy of digital mammography is not substantially 

different from that of screen film mammography [22]. 

FDG-PET has been shown to be highly useful for 

management of breast cancer [23]. 

To our knowledge, this was the first study to examine the 

impact of breast density, age and hormonal status, on FDG 

uptake in normal breast tissue during dual time point 

PET/CT imaging. The study revealed that FDG uptake in 

normal breast tissue, as expressed by the SUV, is affected 

by breast density, and patient age. Menopausal status also 

had a significant impact on SUV, but to a lesser degree. 

The metabolic activity of normal dense breast tissue was 

low; the mean SUVmax encountered was 1.32 and 1.20 for 

the breast parenchyma, and 1.36 and 0.96 for the nipple 

region at the early and delayed phases respectively (table 1). 

Thus, the mean SUVmax was well below the threshold 

value of 2.5-3.5 that is frequently used as a cutoff point for 

discriminating benign from malignant lesions. Thus, in 

spite of breast density could affect FDG uptake, it could not 

affect breast cancer delectability, besides delayed phase 

scan seems essential in such confusing patients where the 

physiological FDG uptake decrease and pathological FDG 

uptake increase [24]. 

Avril et al. [17] have systematically analyzed FDG 

uptake in benign and malignant primary breast lesions. In 

malignant tumors, a mean SUV of 3.3 ± 1.8 was reported, 

whereas in benign breast tumors, the mean SUV was 1.4 ± 

0.5. This difference in tumor SUVs was statistically 

significant (P < 0.001). 

In the current study, maximum and average FDG uptake 

was not significantly different in the right breast than in the 

left breast. The statistical analysis revealed non-

significant left to right asymmetries for the different breast-

density groups. 

Because the prevalence of mammographically dense 

breasts declines with age and dense breast tissue is more 

common before than after menopause, it has been 

suggested that menopausal status, rather than age, is 

the most important determinant of breast density [25]. The 

current study found significant correlation between age, 

menopausal status and FDG uptake. 

Increased breast density is considered an independent 

risk factor for developing breast cancer. Recent studies 

reported the impact of breast density on FDG uptake in 

women with normal breast tissue. Vranjesevic et al. [19] 

retrospectively studied 45 women who had undergone 

whole body FDG-PET for indications other than breast 

cancer. In their study, Kumar et al. [20] study concluded 

that breast density and menopausal status affect the uptake 

of FDG, with average and peak SUVs significantly higher 

in dense versus fatty breasts (p = 0.01). That preliminary 

results also revealed that the maximum and the average 

SUVs of normal dense breasts were significantly higher 

than those of normal nondense breasts (p = 0.003 for both). 

In a recent study evaluated the relationship of SUVs in 

normal breast with age, breast density, and menopausal 

status. Analysis of data of 96 patients showed that normal 

tissue of dense breasts had significantly higher maximum 

and average uptake of FDG compared to nondense breasts 

(p < 0.001 for both) [26]. Compared to the results gathered 

by Vranjesevic et al. [19], in their study Kumar et al. report 

slightly higher peak and average SUVs in both dense and 

nondense breasts. Such higher SUVs are most likely 

attributable to the difference in defining the ROI between 

the two studies. The mean of maximum SUVs for both 

dense and nondense breast was 1.02 and 0.66 for breast 

parenchyma, and 0.85 and 0.76 for the nipple, respectively. 

In the current study the highest maximum SUV and average 

SUV at the early phase and delayed phases for the normal 

breast parenchyma were 3.60, 1.30 for the early phase and 

3.20, 0.70 for the delayed phase respectively. The same 

values for the nipple were 2.20, 1.10 for the early phase and 

1.70, 0.80 for the delayed phase respectively. There was no 

significant difference in SUVs between breast parenchyma 

and nipple (P = 0.2607, 0.0828  for the early and delayed 

phases respectively). 

These higher SUVs in dense breasts are more attributable 

to fibrogladular tissue in dense breasts as compared to 

nondense breasts. The highest maximum SUVs for all 

normal breast tissues were below 3.6 at the early phase and 

3.2 at the delayed phased for breast parenchyma and ≤ 2.2, 

1.7 for nipple region. These maximum SUVs of breast 

parenchyma and nipple are considerable lower in the 

delayed phase than in the early phase so it would be to 

depict slowly growing malignancy with low-avid FDG 

uptake pattern and small tumors in the delayed phase. 

Our results show that dense breasts had a significantly 

higher uptake of FDG than nondense breasts, a lesion with 

a SUV of 2.5 or higher should still be easily delineated 

from the surrounding tissue far better if consider change 

over time between the early and delayed phases, indicating 

that the accuracy of FDG-PET in the diagnosis of breast 

malignancies should not be significantly affected in patients 

with dense breasts. However, with the significantly higher 

SUV in normal dense breast parenchyma, it remains to be 

seen if higher background FDG uptake in patients with 

dense breast has lower sensitivity in day-to-day reporting of 

FDG-PET studies in breast cancer. This increased 

background activity in dense breast may affect visual 

interpretation of the reader; however, it will not affect the 

quantitative (SUV) interpretation (kumar). Therefore, we 

feel that normal breast tissue physiological uptake in the 

delayed phase imaging would decrease and malignant 

tissue pathological FDG uptake would increase then tumor 

to back ground ratio would be higher and this certainly lead 
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far better discrimination of tumor lesions. 

The association between age and mammographic breast 

density has been well documented in the literature, with 

younger women tending to have denser breasts than older 

women [27-30]. Based on this, one may expect to see lower 

SUVs in normal breast tissue with increasing age. Our 

results show significant difference in maximum and 

average SUVs of breast parenchyma and nipple in patients 

of different age groups, which is different from the results 

reported in other studies [19, 26]. This could explained by 

the sample number and the different ethnic groups in each 

study. Furthermore, there were trends of decreasing SUVs 

with increasing age, which might become significant with 

larger sample size of patients with different age groups [26]. 

Of the 284 involved women in this study, 142 were 

premenopausal, 142 were postmenopausal. Breasts of 

premenopausal women had a higher SUV than breasts of 

postmenopausal women. We find significant impact of 

menopausal status on SUVs, as there is significant 

difference noted among premenopausal and 

postmenopausal patients. This finding is similar to the 

results of Vranjesevic et al. [19], which showed significant 

effect of hormonal status on SUV uptake. They 

demonstrated that postmenopausal women receiving 

hormonal replacement therapy (HRT) had peak and average 

SUVs similar to those of premenopausal women, whereas 

the SUVs of postmenopausal women not receiving HRT 

were significantly lower. 

5. Conclusion 

In summary, this prospective study performed with 

modern PET/CT scanner demonstrates that, there was a 

significant difference in SUVs between the dense and 

nondense normal breast. Menopausal status and age do also 

have significantly affect the uptake of FDG. The present 

study suggests that dual time point FDG-PET/CT imaging 

with SUV change over time would be useful for the 

assessment of primary breast cancer as it improves the 

discrimination between physiological and pathological 

FDG uptake where in the delayed phase imaging the 

physiological uptake decreases and the pathological uptake 

increases. This could have good impact and superior 

sensitivity for the detection of small cancers and cancers in 

dense breast tissue or breast cancer with minimal FDG 

uptake. 
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