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Introduction

Breast cancer is the most common cancer in women in Turkey and worldwide (1). Although it can be cured when diagnosed early, it is the 
cause of most cancer deaths in women (2). Breast cancer is a heterogeneous disease, and it is crucial to determine its prognosis and choose 
an optimal treatment option (3). Traditionally, the most significant prognostic factors are patient’s age, size of the tumor, histologic grade, 
and number of involved axillary lymph nodes (4). The patient’s condition at the time of diagnosis plays a vital role in choosing the thera-
peutic approach. Determining the patient’s prognosis preoperatively is gaining more and more importance while the number of patients 
that receive neoadjuvant chemotherapy and breast-conserving surgeries increase (5). The most important contributions of diagnostic 
imaging methods in breast cancer can be early diagnosis, more accurate and intervention-free staging, and effectiveness in monitoring 
treatment and determining prognosis (6).

Positron-emission tomography (PET) is a non-invasive imaging method that uses positron-emitting isotopes. In recent years, it has been 
used increasingly frequently in clinics, especially in oncology (7). The most commonly used radiopharmaceutical, FDG tagged with 
fluorine-18 (18F-FDG) is a glucose analog whose FDG involvement in tissues is in proportion to the use of glucose; it is taken up into 
cells like glucose but cannot be metabolized (8). The maximum standardized uptake value (SUVmax) is a semi-quantitative indicator of 
18F-FDG’s involvement by lesions and this value is related to the number of living tumor cells (9).
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ABSTRACT

Objective: In this study, we aimed to determine the correlation between pretreatment-staging 18F-FDG total body positron-emission tomogra-
phy/computed tomography (PET/CT) maximum standardized uptake value (SUVmax) levels and histopathologic and immunohistochemical predic-
tive and prognostic factors in patients with breast cancer.
Materials and Methods: One hundred thirty-nine women with breast cancer who were treated between 2009 and 2015 at our hospital and who 
had pretreatment-staging PET/CT were included in the study. SUVmax levels and histopathologic and immunohistochemical results were compared. 
Results: The median age was 48 years (range, 29-79 years). The mean tumor diameter was 33.4 mm (range, 7-120 mm). The histology was invasive 
ductal carcinoma in 80.6% of the patients. In the univariate analysis, SUVmax levels were significantly higher in patients with invasive ductal carci-
noma; in patients with a maximum tumor diameter more than 2 cm; patients who were estrogen, progesterone, and combined hormone receptor-
negative, triple-negative patients, and in tumors with higher grades (p<0.05). In HER2-positive patients, SUVmax levels were higher even if it was 
not statistically significant. There was no correlation between lymph node metastases and pathologic stage. In multivariate analysis, tumor diameter 
was an independent factor.
Conclusion: SUVmax levels are correlated with known histopathologic and immunohistochemical prognostic factors. PET/CT could be useful in 
preoperative evaluation of patients with breast cancer to predict biologic characteristics of tumors and prognosis.
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18F-FDG positron-emission tomography/computed tomography 
(18F-FDG PET/CT) is recommended in the current treatment guide-
lines for conditions such as locally-advanced breast cancer and meta-
static disease (10). PET/CT helps determine extra-axillary regional 
lymph nodes and distant metastases in patients with newly-diagnosed 
breast cancer and can change staging and treatment (11). In pathologi-
cally-diagnosed breast cancer, it was found that preoperative 18F-FDG 
PET/CT screening could give sufficient information on tumor biol-
ogy, prognosis, disease-free survival, and the patient’s treatment (12). 
Turkey’s Social Security Institution covers reimbursement of PET/CT 
scan for breast cancer staging, restaging, and evaluating the treatment 
response; the examination is commonly required before surgery. In this 
study, we aimed to determine the correlation between maximum SUV 
values gathered from PET/CT scans performed for staging patients 
with breast cancer and histopathologic and immunohistochemical pre-
dictive and prognostic factors.

Materials and Methods

A total of 139 patients with breast cancer who underwent radiothera-
py and preoperative PET/CT scan for clinical staging in our hospital 
between September 2009 and December 2015 were enrolled in the 
study. All patients were histopathologically-diagnosed as having breast 
cancer. Patients who underwent excisional biopsy, patients who had 
surgery elsewhere, patients who received neoadjuvant chemotherapy, 
patients who had distant metastasis, and those with no FDG involve-
ment in tumor in their PET/CT scan were excluded from the study. 
Our study was carried out retrospectively, and permission was ob-
tained from the local ethics committee and the hospital management 
to reach archived files. Written consent was given by all patients for 
PET/CT scans, surgery, and radiotherapy. 

For the PET/CT scan, after at least 4-hour fasting, the patients with 
blood sugar value under 200 mg/dL were given intravenous 0.15 mCi/
kg 18F-FDG compound and were advised to rest in a calm setting 
without speaking or chewing. After approximately 60 minutes, emis-
sion and transmission imaging was taken on a PET camera (Siemens 
Biograph TruePoint 2008A) from the skull base to the upper part of 
the femur for whole body images in eight bed positions, every position 
for three minutes. Consecutive 0.5-cm thick sections were prepared 
on axial, coronal, and sagittal planes of the regions within the scope of 
the image using the reconstruction method. Furthermore, maximum 
intensity projection (MIP) images were assessed. A 50 mL oral contrast 
agent was used for image capture. SUVmax was calculated as the rate 
of maximum activity intensity in lesion based on the dose of FDG 
injected per kilo. After the staging examinations were completed, the 
patients underwent mastectomy or breast-conserving surgery (BCS) 
and sentinel lymph node biopsy (SLNB) or axillary dissection. The 
histopathologic and immunohistochemical data were recorded from 
the patients’ pathology reports. Histologic type, maximum tumor di-
ameter, histologic grade, nuclear grade, estrogen receptor (ER), pro-
gesterone receptor (PR), human epidermal growth factor receptor 2 
(HER2) status, number of analyzed lymph nodes, status of lymph 
node metastasis, and number of metastatic lymph nodes were recorded 
for each patient. 

Statistical analysis
The descriptive analyses and numeric data are presented as 
mean±standard deviation. The comparison of the SUVmax values and 
histopathologic and immunohistochemical factors was performed us-
ing the Mann-Whitney U test and Kruskal-Wallis test. Multiple re-

gression analysis test was used for multivariate analyses. P 0.05 was 
considered statistically significant. Statistical analyses were completed 
using SPSS version 20.0 (IBM, Armonk, NY).

Results

A total of 139 patients were included in the study. The patients’ clinical 
and pathologic characteristics are shown in Table 1. All of the patients 
were women. The median age was 48 years (range, 29 to 79 years). 
The mean values of SUVmax were 6.22±4.2 (range, 0.78-25.56) for the 
primary tumors and 4.26±2.8 (range, 1-13.6) for the lymph nodes. In 
the PET/CT reports, the mean tumor diameter was 24.6±11.8 mm 
(range, 10-100 mm). There was no FDG involvement in lymph nodes 
in 83 (59.7%) patients according to the PET/CT scans. 

Twenty-eight patients (20.1%) underwent BCS and SLNB; 21 pa-
tients (15.1%) underwent BCS and AD; 71 patients (51.1%) mas-
tectomy and AD; and 19 patients (13.7%) had mastectomy and 
SLNB. The histology was invasive ductal carcinoma for 112 patients 
(80.6%), 16 (11.5%) had invasive lobular carcinoma, and 11 patients 
(7.9%) had other histologic subtypes (medullary carcinoma in four 
patients (2.9%), mixed carcinoma in four patients (2.9%), papillary 
carcinoma in one patient (0.7%), tubular carcinoma in one patient 
(0.7%), and cribriform carcinoma in one patient (0.7%). The mean 
tumor diameter was 33.4 mm (range, 7-120 mm, SD 17.5). The mean 
number of mitoses in 18 and 35 patients whose number of mitoses 
and Ki-67 values were present in their pathology reports was 12.2 
(range, 1-34) and 31% (range, 1%-80%), respectively. For T-stages, 
28 patients (20.1%) had T1, 92 patients (66.2%) had T2, and 19 
patients (13.7%) T3 disease. Tumor multifocality was discovered in 
32 patients (23%) and multifocal tumors were found in the PET/CT 
scans of 12 patients (8.6%), which was evaluated using the highest SU-
Vmax value. Eighty-five patients (62.2%) had pathologic lymph node 
metastasis. The mean number of dissected lymph nodes was 20±14 
(range, 1-53, including sentinel lymph nodes). N-staging was as fol-
lows: 54 patients (38.8%) were N0, 53 patients (38.1%) were N1, 13 
patients (9.4%) were N2, and 19 patients (13.7%) were N3. Micro-
metastasis was reported for five patients with N1 lymph node staging 
(N1mi: 5 patients). The mean number of metastatic lymph nodes was 
7.2 (range, 1-45). Comparing FDG involvement in the lymph nodes 
and pathologic lymph node metastasis in the PET/CT scans, PET/
CT was found false positive in 9 patients (6.5%), and false negative 
in 38 patients (27.3%). Histologic grades were grade 1 for 7 patients 
(5.0%), grade 2 for 54 patients (38.8%), and grade 3 for 78 patients 
(56.2%). On the other hand, nuclear grades were distributed as grade 
1 for one patient (0.7%), grade 2 for 39 patients (28.1%), and grade 
3 for 99 patients (71.2%). ER was positive in 106 patients (76.3%), 
and PR was positive in 97 patients (69.8%). When the estrogen and/
or progesterone receptors were analyzed together, the hormone recep-
tors in 109 patients (78.4%) were found positive. HER2 was positive 
in 47 patients (33.8%), and those whose results could not be obtained 
through immunohistochemical methods went through a fluorescence 
in situ hybridization (FISH). The results of 11 (7.9%) patients were 
triple-negative (ER, PR, and HER2 negative). The patients’ distribu-
tion based on pathologic stage was as follows: 17 patients (12.2%) 
were stage IA, 2 patients (1.4%) were stage IB, 43 patients (30.9%) 
were stage IIA, 34 patients (24.5%) were stage IIB, 25 patients (18%) 
were stage IIIA, and 18 patients (12.9%) were stage IIIC. 

The correlation between the PET/CT SUVmax values and the patients’ 
clinical and pathologic factors is demonstrated in Table 2. For uni- 113

Uğurluer et al. FDG Correlation in Breast Cancer



variate analyses, the patients’ age, histologic subtype, maximum tumor 
diameter, existence of lymph node metastasis, histologic grade, nuclear 
grade, ER, PR, combined hormone receptor hormone receptor, HER2 
condition, triple-negative results, and pathologic stage were compared. 

When the SUVmax values were compared based on age, the SUVmax 
values in patients aged less than 45 years were found statistically sig-
nificantly high (p=0.04). The comparison based on histopathology was 
performed in groups as ductal carcinoma, lobular carcinoma, and oth-
ers, and the SUVmax values in ductal carcinoma were found statistically 
significantly high (p=0.04). The SUVmax values were also statistically 
significantly higher in patients with tumor diameters more than 2 
cm (T2, T3 tumors), compared with patients whose tumor diameters 

were 2 cm or less (T1 tumors) (p=0.02). There was no statistically 
significant difference between the SUVmax values of the patients with 
and without lymph node metastasis (p=0.24). As histologic grade and 
nuclear grade increased, the tumor SUVmax values became statistically 
significantly higher (p=0.001 and p=0.004, respectively). The patients 
with negative ER, PR, and hormone receptors had statistically signifi-
cantly higher SUVmax values (p>0.001). Although patients with posi-
tive HER2 had higher SUVmax values, there was no statistically signifi-
cant difference (p=0.308). The triple-negative patients had statistically 
significantly higher SUVmax values than those with negative HER2 (p= 
0.05). The only finding in the multivariable analysis was that tumor 
diameter was an independent prognostic factor. 114
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Table 1. Patient and tumor characteristics

Characteristics Number  %

Age  Median age 48±10.2 years (range, 29-79)

 Aged <45 years 51 36.7

 Aged ≥45 years 88 63.3

SUVmax values 6.22±4.2 (range, 0.78-25.56) 

PET/CT lymph node SUVmax values 4.26±2.8 (range, 1-13.6) 

PET/CT tumor diameter 24.6±11.8 mm (range, 10 mm-100 mm)

PET/CT lymph node involvement  

 Positive 56 40.3

 Negative 83 59.7

Operation type  

 BCS+SLNB 28 20.1

 BCS+AD 21 15.1

 Mastectomy+SLNB 19 13.7

 Mastectomy+AD 71 51.1

Histopathologic diagnosis  

 Ductal carcinoma 112 80.6

 Lobular carcinoma and others 27 19.4

Tumor diameter 33.4 mm±17.5 (7 mm-120 mm)

T-stage  

 1 28 20.1

 2 92 66.2

 3 19 13.7

N-stage  

 0 54 38.8

 1 53 38.1

 2 13 9.4

 3 19 13.7

SUVmax: maximum standardized uptake value; PET/CT: Positron-Emission Tomography/Computed Tomography; BCS: breast-conserving surgery; SLNB: Sentinel Lymph 
Node Biopsy; AD: axillary dissection; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2

   

Characteristics Number  %

Histologic grade  

 1 7 5.0

 2 54 38.8

 3 78 56.2

Nuclear grade  

 1 1 0.7

 2 39 28.1

 3 99 71.2

Estrogen receptor  

 Negative 33 23.7

 Positive 106 76.3

Progesterone receptor

 Negative 42 30.2

 Positive 97 69.8

Hormone receptor (ER and/or PR +)  

 Negative 30 21.6

 Positive 109 78.4

HER2  

 Negative 92 66.2

 Positive 47 33.8

Triple-negative  

 Yes 128 92.1

 No 11 7.9

Pathologic stage  

 IA 17 12.2

 IB 2 1.4

 IIA 43 30.9

 IIB 34 24.5

 IIIA 25 18.0

 IIIC 18 12.9



Discussion and Conclusion

In the univariate analyses in our study, we found that the SUVmax val-
ues in young patients (aged less than 45 years) who had an invasive 
tumor diameter larger than 2 cm, negative hormone receptors, and 
triple-negative tumors were significantly higher as histologic and nu-
clear grades increased.

The survival rates of breast cancer are worse in young patients (aged 
<40 years) compared with elderly patients, and the multivariate analy-
ses show that young age is an independent indicator of poor prognosis 
(13). Breast cancer at a young age progresses more aggressively; in a 
study with 185 premenopausal women with breast cancer, the number 

of those with negative ER and PR aged <35 years, the number of those 
with lymphatic and vascular invasion and pathologic grade 3 tumors 
were considerably high (14). In a retrospective evaluation with 1398 
women with early-stage breast cancer, age, for those aged under 35 
years, was shown as a strong and independent prognostic factor that 
determines relapse, distant metastasis, and mortality (15). In previ-
ous studies, there was no relationship found between age and SUVmax 

values; however, the SUVmax values in the young patients were higher 
in our study (16-18).

Similar to previous studies, 18F-FDG involvement was higher in pa-
tients with invasive ductal carcinoma (17, 19, 20). This relationship 
may be related to the low density of tumor cells in lobular carcinomas, 115
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Table 2. Correlation between clinical and pathologic prognostic factors and SUVmax values

Variable Comparison Number SUVmax (Mean±SD) p

Age (years) <45 years 51 6.9±0.6 0.04

 ≥45 years  88 5.8±0.4 

Histopathologic diagnosis Ductal carcinoma 112 6.6±0.4 0.04

 Lobular carcinoma and others  27 4.7±0.8 

Tumor diameter ≤2 cm (T1) 28 4.5±0.8 0.02

 >2 cm (T2-T3) 111 6.7±0.4 

Lymph node involvement Negative 54 6.6±0.6 0.24

 Positive  85 5.9±0.5 

Histologic grade 1 7 3.3±1.5 0.001

 2 54 5.4±0.6 

 3 78 7.0±0.5 

Nuclear grade 1 1 5.7±4.2 0.004

 2 39 5.2±0.7 

 3 99 6.6±0.4 

ER Negative 33 8.7±0.7 <0.001

 Positive 106 5.4±0.4 

PR Negative 42 8.0±0.6 <0.001

 Positive 97 5.4±0.4 

Hormone receptor Negative 30 8.9±0.7 <0.001

 Positive 109 5.5±0.4 

HER2 Negative 92 5.9±0.4 0.308

 Positive 47 6.8±0.6 

Triple-negative No 128 6.1±0.4 0.05

 Yes 11 7.2±1.3 

Pathologic stage IA 17 5.1±1.0 0.352

 IB 2 3.7±2.9 

 IIA 43 6.4±0.6 

 IIB 34 6.9±0.7 

 IIIA 25 6.1±0.8 

 IIIC 18 6.2±0.9 

SUVmax: maximum standardized uptake value; HER2: human epidermal growth factor receptor 2; ER: estrogen receptor; PR: progesterone receptor



low GLUT1 (glucose transporter 1) expression, low proliferative in-
dex, and diffuse infiltrative growth pattern (16, 20-22). 

Tumor diameter and axillary lymph node metastasis are the most vital 
clinical prognostic factors in breast cancer (4). Although a number of 
studies reported a positive correlation between tumor size and FDG 
involvement, some studies found no relationship (17, 23). In our 
study, we evaluated tumors in two categories as tumors with diameter 
of 2 cm or less, and those larger than 2 cm. FDG involvement was 
found higher as FDG involvement increased. In studies regarding the 
use of PET/CT in staging lymph nodes, it was stated that it could not 
be as sensitive, especially with patients with clinically-negative lymph 
nodes, and could not replace histopathologic examination (24-26). 
Zhang et al. (27) demonstrated that axillary lymph node staging was 
limited to 46% sensitivity in their study with 164 patients with breast 
cancer. There are also studies in the literature that reported a signifi-
cant and positive correlation between PET/CT SUV values and lymph 
node metastasis (17, 23). However, there are studies that could not 
demonstrate a relationship between the condition of lymph node and 
FDG involvement (28). There was no statistically significant difference 
when the SUVmax values of the patients with and without lymph node 
metastasis were compared in our study, although the SUVmax values 
increased in patients with lymph node metastasis with higher N-stage. 
The fact that no relationship was found could be related to the high 
level of false negativity in PET/CT scans, late referral of patients with 
low grades, and the inadequacy of PET/CT scans in showing micro-
metastases. 

Pathologic grade is one of the important predictive factors that shows 
tumor differentiation in breast cancer and the relationship between 
SUV values and histological grade is explained through high glucose 
metabolism in actively increasing tumors (5). The relationship between 
grade and PET/CT SUV values in patients with breast cancer has been 
reported (19). High-grade tumors were shown to have higher SUV 
values compared with low-grade tumors (29). In a study by Ueda et 
al. with 152 patients with breast cancer, the authors demonstrated that 
invasive tumor size, nuclear grade, and negative estrogen receptor were 
correlated with high SUV values in their multivariate analyses (17). 
In our study, we observed that the SUV values were statistically sig-
nificantly higher as both histologic and nuclear grade increased. High 
SUV values could be an indication for high-grade and biologically-
aggressive tumors. 

Breast cancer is a heterogeneous disease that can be divided into his-
topathologic and molecular subtypes (30). According to gene-expres-
sion profiles, the first breast cancer subtypes were defined by Perou et 
al. (31). ER, PR, and HER2 gene expression features are significant 
determinants used routinely in newly-diagnosed breast tumors. Sub-
types identified based on hormone receptors, HER2 status, and Ki-
67 proliferative index give information on tumor biology and clini-
cal behavior, and treatments including subtypes are recommended 
in guidelines (32, 33). Estrogen and progesterone receptors hold a 
crucial place in determining prognosis for patients with breast cancer 
and establishing whether they would benefit from hormonal thera-
py. HER2 status is an important predictive factor that determines 
whether the patients can start goal-directed therapy (trastuzumab) 
(34). Luminal A tumors (positive ER and PR, negative HER2, Ki-67 
<1%) is the subtype with the best prognosis, triple-negative tumors 
show more biologically aggressive behavior (30, 35). In our study, 
negative ER and PR, positive HER2 and triple-negative patients had 
higher SUVmax values. High values of SUV have also been reported 

in patients with negative hormone receptors by previous researchers 
(17, 36). Basu et al. (37) stated that PET/CT sensitivity was 100% 
for patients who were triple-negative and these patients had higher 
FDG involvement compared with patients with positive hormone 
receptors, and the authors emphasized that PET/CT scanning of 
these tumors was important for determining tumor activity and 
treatment response. 

Ki-67 is an indicator of the proliferation of cancer cells; however, its 
measurement and limit values change in different centers. In a study 
by Ito et al. (38) with 138 patients with invasive ductal breast cancer, 
the authors compared patients with Ki-67 values >14% and ≤14% and 
reported statistically significantly higher FDG involvement in patients 
with high Ki-67 values. In their comparison by number of mitosis, 
Ueda et al. (17) found the mean SUV values statistically significantly 
increased as the number of mitosis increased. In our study, no statisti-
cal comparison was performed because there was only a small number 
of patients whose number of mitosis and Ki67 index were reported. 
One of the limitations in our study is that the effects of SUVmax value 
on treatment results, local control, and survival were not investigated.

Our study demonstrates that SUVmax values are related to the recog-
nized histopathologic and immunohistochemical prognostic factors in 
breast cancer. Predictability of predictive and prognostic factors be-
fore treatment is of importance in terms of deciding the therapeutic 
approach. In preoperative assessment of patients with breast cancer, 
PET/CT scanning is inadequate in examining axillary lymph nodes; 
however, it may prove beneficial in displaying the biologic characteris-
tics and behavior of a tumor.

Ethics Committee Approval: Ethics committee approval was received for this 
study from local ethic committee.

Informed Consent: Written informed consent was obtained from patients who 
participated in this study.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - G.U., S.Y., Z.Ç., E.S., M.K., M.S., C.E., 
O.D.; Design - G.U., S.Y., Z.Ç., E.S., M.K., M.S., C.E., O.D.; Supervision - 
G.U., S.Y., Z.Ç., E.S., M.K., M.S., C.E., O.D.; Analysis and/or Interpretation 
- G.U., S.Y., M.S., O.D.; Literature Review - G.U., M.S.; Writing - G.U., S.Y., 
M.S., O.D.; Critical Review - G.U., S.Y., Z.Ç., E.S., M.K., M.S., C.E., O.D.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no fi-
nancial support.

References

1. Özmen V. Türkiye’de meme kanseri. Turkiye Klinikleri J Gen Surg - Spe-
cial Topics 2013; 6:1-6.

2. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global 
cancer statistics, 2012. CA Cancer J Clin 2015; 65:87-108. (PMID: 
25651787) [CrossRef]

3. Song BI, Lee SW, Jeong SY, Chae YS, Lee WK, Ahn BC, Lee J. 18F-FDG 
uptake by metastatic axillary lymph nodes on pretreatment PET/CT as a 
prognostic factor for recurrence in patients with invasive ductal breast can-
cer. J Nucl Med 2012; 53:1337-1344. (PMID: 22870824) [CrossRef]

4. Wood WC, Muss HB, Solin LJ, Olopade OI. Malignant tumors of the 
breast; In: Cancer: Principles and practice of oncology. DeVita VT, Hell-
man S, Rosenberg S, editor. Chapter 33. Philadelphia Lippincott, Wil-
liams and Wilkins; 2005. pp. 1415-1477.116

J Breast Health 2016; 12: 112-18



5. García Vicente AM, Soriano Castrejón A, Relea Calatayud F, Muñoz 
Madero V, Molina Garrido MJ, León Martín AA, Cordero García JM, 
Pilkington Woll JP, Chacón López-Muñiz I, Palomar Muñoz A. 18F-
FDG semi-quantitative parameters and biological prognostic factors in 
locally advanced breast cancer. Rev Esp Med Nucl Imagen Mol 2012; 
31:308-314. (PMID: 23084013) [CrossRef]

6. Sayman HB. Meme kanseri tanısında Pozitron Emisyon Tomografisi 
(PET). J Breast Health 2008; 5:69-72.

7. Juweid ME, Cheson BD. Positron-emission tomography and assess-
ment of cancer therapy. N Engl J Med 2006; 354:496-507. (PMID: 
16452561) [CrossRef]

8. Cox BL, Mackie TR, Eliceiri KW. The sweet spot: FDG and other 
2-carbon glucose analogs for multi-modal metabolic imaging of tu-
mor metabolism. Am J Nucl Med Mol Imaging 2014; 5:1-13. (PMID: 
25625022)

9. Higashi K, Clavo AC, Wahl RL. Does FDG uptake measure prolifera-
tive activity of human cancer cells? In vitro comparison with DNA flow 
cytometry and tritiated thymidine uptake. J Nucl Med 1993; 34:414-
419. (PMID: 8478710)

10. Bevers TB, Anderson BO, Bonaccio E, Borgen PI, Buys S, Daly MB, 
Dempsey PJ, Farrar WB, Fleming I, Garber JE, Harris RE, Helvie M, 
Hoover S, Krontiras H, Shaw S, Singletary E, Sugg Skinner C, Smith 
ML, Tsangaris TN, Wiley EL, Williams C; National Comprehensive 
Cancer Network. Breast cancer screening and diagnosis. J Natl Compr 
Canc Netw 2006; 4:480-508. (PMID: 1668709)

11. Cermik TF, Mavi A, Basu S, Alavi A. Impact of FDG PET on the pre-
operative staging of newly diagnosed breast cancer. Eur J Nucl Med Mol 
Imaging 2008; 35:475-483. (PMID: 17957366) [CrossRef]

12. Ozen A. The Evaluation of Primary Lesion and Axillary Metastasis 
in Breast Carcinoma By 18F-FDG PET/CT. J Clin Anal Med 2015; 
6(suppl 1): 110-115.

13. Anders CK, Johnson R, Litton J, Phillips M, Bleyer A. Breast cancer be-
fore age 40 years. Semin Oncol. 2009; 36:237-249. (PMID: 19460581) 
[CrossRef]

14. Colleoni M, Rotmensz N, Robertson C, Orlando L, Viale G, Renne 
G, Luini A, Veronesi P, Intra M, Orecchia R, Catalano G, Galimberti 
V, Nolé F, Martinelli G, Goldhirsch A. Very young women (<35 years) 
with operable breast cancer: features of disease at presentation. Ann On-
col 2002; 13:273-279. (PMID: 11886005) [CrossRef]

15. Nixon AJ, Neuburg D, Hayes DF, Gelman R, Connolly JL, Schnitt 
S, Abner A, Recht A, Vicini F, Harris JR. Relationship of patient age 
to pathologic features of the tumor and prognosis for patients with 
stage I and II breast cancer. J Clin Oncol 1994; 12:888-894. (PMID: 
8164038)

16. De Cicco C, Gilardi L, Botteri E, Fracassi SL, Di Dia GA, Botta F, Prisco 
G, Lombardo D, Rotmensz N, Veronesi U, Paganelli G. Is [(18)F] fluo-
rodeoxyglucose uptake by the primary tumor a prognostic factor in breast 
cancer? Breast 2013; 22:39-43. (PMID: 22704459) [CrossRef]

17. Ueda S, Tsuda H, Asakawa H, Shigekawa T, Fukatsu K, Kondo N, 
Yamamoto M, Hama Y, Tamura K, Ishida J, Abe Y, Mochizuki H. 
Clinicopathological and prognostic relevance of uptake level using 
18F-fluorodeoxyglucose positron emission tomography/computed 
tomography fusion imaging (18F-FDG PET/CT) in primary breast 
cancer. Jpn J Clin Oncol 2008; 38:250-258. (PMID: 18407934) 
[CrossRef ]

18. Gil-Rendo A, Martı´nez-Regueira F, Zornoza G, Garcı´a-Velloso MJ, 
Beorlegui C, Rodriguez-Spiteri N. Association between [18F]fluorode-
oxyglucose uptake and prognostic parameters in breast cancer. Br J Surg 
2009; 96:166-170. (PMID: 19160365) [CrossRef]

19. Crippa F, Seregni E, Agresti R, Chiesa C, Pascali C, Bogni A, Decise D, 
De Sanctis V, Greco M, Daidone MG, Bombardieri E. Association be-
tween [18F]fluorodeoxyglucose uptake and postoperative histopathology, 
hormone receptor status, thymidine labelling index and p53 in primary 
breast cancer: a preliminary observation. Eur J Nucl Med 1998; 25:1429-
1434. (PMID: 9818284) [CrossRef]

20. Avril N, Menzel M, Dose J, Schelling M,Weber W, Janicke F, Nathrath 
W, Schwaiger M. Glucose metabolism of breast cancer assessed by 18F-
FDG PET: histologic and immunohistochemical tissue analysis. J Nucl 
Med 2001; 42:9-16. (PMID: 11197987)

21. Bos R, van Der Hoeven JJ, van Der Wall E, van Der Groep P, van Di-
est PJ, Comans EF, Joshi U, Semenza GL, Hoekstra OS, Lammerts-
ma AA, Molthoff CF. Biologic correlates of [18F]fluorodeoxyglu-
cose uptake in human breast cancer measured by positron emission 
tomography. J Clin Oncol 2002; 20:379-387. (PMID: 11786564) 
[CrossRef ]

22. Buck AK, Schirrmeister H, Mattfeldt T, Reske SN. Biological characteri-
sation of breast cancer by means of PET. Eur J Nucl Med Mol Imaging 
2004; 31:80-87. (PMID: 15127240) [CrossRef]

23. Ekmekcioglu O, Aliyev A, Yilmaz S, Arslan E, Kaya R, Kocael P, Erkan 
ME, Halac M, Sonmezoglu K. Correlation of 18F-fluorodeoxyglucose 
uptake with histopathological prognostic factors in breast carcino-
ma. Nucl Med Commun 2013; 34:1055-1067. (PMID: 24025919) 
[CrossRef ]

24. Fehr MK, Hornung R, Varga Z, Burger D, Hess T, Haller U, Fink D, 
von Schulthess GK, Steinert HC. Axillary staging using positron emission 
tomography in breast cancer patients qualifying for sentinel lymph node 
biopsy. Breast J 2004; 10:89-93. (PMID: 15009033) [CrossRef]

25. Avril N, Dose J, Jänicke F, Ziegler S, Römer W, Weber W, Herz M, 
Nathrath W, Graeff H, Schwaiger M. Assessment of axillary lymph 
node involvement in breast cancer patients with positron emission 
tomography using radiolabeled 2-(fluorine-18)-fluoro-2-deoxy-D-
glucose. Natl Cancer Inst 1996; 88:1204-1209. (PMID: 8780629) 
[CrossRef ]

26. Peare R, Staff RT, Heys SD. The use of FDG-PET in assessing axillary 
lymph node statusin breast cancer: a systematic review and metaanalysis 
of the literature. Breast Cancer Res Treat 2010; 123: 281-290. (PMID: 
20140703) [CrossRef]

27. Zhang X, Wu F, Han P. The role of (18)F-FDG PET/CT in the diag-
nosis of breast cancer and lymph nodes metastases and micrometas-
tases may be limited. Hell J Nucl Med 2014; 17:177-183. (PMID: 
25526754)

28. Buck A, Schirrmeister H, Kühn T, Shen C, Kalker T, Kotzerke J, 
Dankerl A, Glatting G, Reske S, Mattfeldt T. FDG uptake in breast can-
cer: correlation with biological and clinical prognostic parameters. Eur 
J Nucl Med Mol Imaging 2002; 29:1317-1323. (PMID: 12271413) 
[CrossRef ]

29. Groheux D, Giacchetti S, Moretti JL, Porcher R, Espié M, Lehmann-Che 
J, de Roquancourt A, Hamy AS, Cuvier C, Vercellino L, Hindié E. Cor-
relation of high 18F-FDG uptake to clinical, pathological and biological 
prognostic factors in breast cancer. Eur J Nucl Med Mol Imaging 2011; 
38:426-435. (PMID: 2105778) [CrossRef]

30. Penault-Llorca F, Viale G. Pathological and molecular diagnosis of triple-
negative breast cancer: a clinical perspective. Ann Oncol 2012; 23 Suppl 
6:vi19-22. (PMID: 23012297) [CrossRef]

31. Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pol-
lack JR, Ross DT, Johnsen H, Akslen LA, Fluge O, Pergamenschikov 
A, Williams C, Zhu SX, Lønning PE, Børresen-Dale AL, Brown PO, 
Botstein D. Molecular portraits of human breast tumours. Nature 2000; 
406:747-752. (PMID: 10963602) [CrossRef] 117

Uğurluer et al. FDG Correlation in Breast Cancer



32. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, 
Thurlimann B, Thürlimann B, Senn HJ; Panel members. Personaliz-
ing the treatment of women with early breast cancer: highlights of the 
St Gallen International Expert Consensus on the Primary Therapy of 
Early Breast Cancer 2013. Ann Oncol 2013; 24:2206-2223. (PMID: 
23917950) [CrossRef]

33. Park S, Koo JS, Kim MS, Park HS, Lee JS, Lee JS, Kim SI, Park BW. 
Characteristics and outcomes according to molecular subtypes of breast 
cancer as classified by a panel of four biomarkers using immunohisto-
chemistry. Breast 2012; 21:50-57. (PMID: 21865043) [CrossRef]

34. Mouttet D, Laé M, Caly M, Gentien D, Carpentier S, Peyro-Saint-
Paul H, Vincent-Salomon A, Rouzier R, Sigal-Zafrani B, Sastre-Garau 
X, Reyal F. Estrogen-Receptor, Progesterone-Receptor and HER2 Status 
Determination in Invasive Breast Cancer. Concordance between Immu-
no-Histochemistry and MapQuant™ Microarray Based Assay. PLoS One 
2016; 11:e0146474. (PMID: 26829108) [CrossRef]

35. Voduc KD, Cheang MC, Tyldesley S, Gelmon K, Nielsen TO, Kennecke 
H. Breast cancer subtypes and the risk of local and regional relapse. J Clin 
Oncol 2010; 28:1684-1691. (PMID: 20194857)[CrossRef]

36. Mavi A, Cermik TF, Urhan M, Puskulcu H, Basu S, Yu JQ, Zhuang 
H, Czerniecki B, Alavi A. The effects of estrogen, progesterone, and C-
erbB-2 receptor states on 18F-FDG uptake of primary breast cancer le-
sions. J Nucl Med 2007; 48:1266-1272. (PMID: 17631558) [CrossRef]

37. Basu S, Chen W, Tchou J, Mavi A, Cermik T, Czerniecki B, Schnall M, 
Alavi A. Comparison of triple-negative and estrogen receptor-positive/
progesterone receptor-positive/HER2-negative breast carcinoma using 
quantitative fluorine-18 fluorodeoxyglucose/positron emission tomogra-
phy imaging parameters: a potentially useful method for disease charac-
terization. Cancer 2008; 112:995-1000. (PMID: 18098228) [CrossRef]

38. Ito M, Shien T, Kaji M, Mizoo T, Iwamoto T, Nogami T, Motoki T, Taira 
N, Doihara H, Miyoshi S. Correlation between 18F-fluorodeoxyglucose 
Positron Emission Tomography/computed Tomography and Clinico-
pathological Features in Invasive Ductal Carcinoma of the Breast. Acta 
Med Okayama 2015; 69:333-338. (PMID: 26690243)

118

J Breast Health 2016; 12: 112-18


