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Abstract 
Purpose: To investigate the correlation between SUVmax of FDG-PET/CT 
and pathological findings including prognostic factors in early-stage T1-T2 
breast cancer patients with no LN metastasis. Materials and Methods: This re-
trospective study investigated 75 patients (mean age 58.9 years; age range 30 - 
82 years) with invasive breast cancer who underwent FDG-PET/CT for preo-
perative staging. All patients underwent subsequent surgery without prior 
neoadjuvant chemotherapy or endocrine therapy, and those who were con-
firmed to have T1- or T2-stage by histopathology with no LN metastasis were 
included. Two patients who had no perceptible FDG accumulation on PET/CT 
scans were excluded. The correlations between the SUVmax of the tumor and 
the pathological and immunohistochemical data were evaluated. Results: The 
mean SUVmax for the total 73 tumors was 5.46 ± 4.05. The mean SUVmax 
was 3.95 ± 3.28 for the T1 stage group (n = 36) and 7.23 ± 4.10 (p < 0.001) for 
the T2 stage group (n = 37). A high SUVmax was significantly associated with 
high nuclear grade (p < 0.001), negative hormone receptor status (p < 0.001), 
positive HER2 status (p = 0.008), and high Ki-67 status (p < 0.001), respec-
tively. Conclusion: In T1-T2 breast cancer with no LN metastasis, the SUV-
max of FDG-PET/CT had significant positive relationships with several 
prognostic parameters of pathological status. Even in early-stage breast cancer 
patients, pretreatment FDG-PET/CT is useful for predicting malignant beha-
vior and prognosis). 
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1. Introduction 

Breast cancer is a heterogeneous disease. As a result of gene expression analysis, 
breast cancer is now classified into several different subtypes [1], which is useful 
for predicting response to treatments [2] [3]. Furthermore, accurate initial stag-
ing of patients with breast cancer is essential for providing a precise prognosis 
and choosing optimal therapies. The primary tumor, lymph node, and metasta-
sis (TNM) staging using a multimodality approach is the most important factor 
of prognosis and therapeutic planning.  

18F-fluoro-2-deoxyglucose positron emission tomography/computed tomo-
graphy (FDG-PET/CT) has been widely used for initial staging, restaging of re-
currence, and monitoring of the therapeutic response in oncology patients and 
has become the standard imaging tool for several types of cancer. FDG-PET/CT, 
which demonstrates the high proliferation potential of cancer cells as increased 
accumulation, has emerged as a useful imaging tool for staging, evaluating the 
treatment response, and predicting the prognosis of malignant tumors. This di-
agnostic modality has also been used not only to detect cancer but also to eva-
luate the proliferative activity and/or malignancy grades of specific types of tu-
mors [4] [5] [6] [7].  

As for breast cancer, the practicality of FDG-PET/CT for diagnosis and stag-
ing has been established after decades of research and clinical experience, and 
recent interest has also focused on the prognostic value of FDG-PET/CT. A 
number of studies have demonstrated a correlation between FDG accumulation 
on PET/CT and pathological characteristics. The maximum standardized uptake 
value (SUVmax) can be an independent prognostic factor, and high levels of 
FDG accumulation indicate more aggressive proliferation potential in breast 
cancers [8]-[13]. Moreover, several authors have demonstrated that FDG accu-
mulation might be a good predictor for HER2 overexpressing and triple-negative 
molecular subtypes [12] [13] [14] [15]. 

Since most studies of PET/CT have used it in cases of large and/or locally ad-
vanced breast cancers, its practicality in the early stages, such as small and 
node-negative breast cancers, remains unknown. Therefore, the prognostic value 
of SUVmax in these patients has not been fully assessed. The purpose of this 
study was to assess the correlation between SUVmax on FDG-PET/CT and pa-
thological findings, including prognostic factors, in early-stage breast cancer pa-
tients with no lymph node metastasis. 

2. Materials and Methods 
2.1. Patient Selection 

This retrospective study was conducted in accordance with the regulations of the 
Institutional Review Board, and informed consent was obtained from all patients 
for access to their histopathological data. 

Between January 2012 and December 2015, 698 patients with primary breast 
cancer underwent curative surgery. Of these, the records of pathologically prov-
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en breast cancer patients who underwent FDG-PET/CT for preoperative staging 
were retrospectively reviewed. Inclusion criteria were 1) curative surgery 
(breast-conserving surgery or mastectomy) and sentinel lymph node (SLN) 
sampling, 2) presence of T1-T2 invasive breast cancer with no SLN metastasis in 
the frozen specimen, 3) no neoadjuvant chemotherapy or endocrine therapy be-
fore FDG-PET/CT scans. Finally, 75 patients fulfilling these criteria were in-
cluded. 

2.2. FDG-PET/CT Imaging 

All 75 patients in this study underwent FDG-PET/CT. Patients fasted for at least 
6 hours before the examination, and 4.0 MBq/kg 18F-FDG was administered 
intravenously. Acquisition was performed 60 min after the administration of 
18F-FDG using a PET/CT combined system (Gemini TF 16; Philips Medical Sys-
tems, The Netherlands). No oral or intravenous contrast material was adminis-
tered. PET/CT images were acquired in time of flight (TOF) mode. TOF kernel: 
14.1 cm, energy window: 440 - 590 keV, iteration: 3, subset: 33, matrix size: 144 × 
144, voxel size: 4 × 4 × 4 mm, acquisition time: 90s/bed position, slice thickness: 
4mm. A low-dose non-contrast CT scan for attenuation correction and anatom-
ical guidance was performed with tube voltage: 140 kVp, tube current time 
product: 100 mAs, rotation time: 0.5 s, pitch: 0.938, slice thickness: 5 mm, matrix 
size: 144 × 144. PET data were reconstructed using CT attenuation correction 
and full list mode TOF 3D-OSEM. Furthermore, the PET and CT data were 
fused using Syntegra software (Syntegra; Mirada Solutions, Oxford, UK). 
Co-registered PET/CT scans were displayed using a standard gray scale for the 
CT images and a colored scale for the PET data, and fused images were available 
for review in the axial, coronal and sagittal planes, and in maximum-intensity 
projection 3-dimensional cine mode. 

2.3. Imaging Analysis 

The image data were stored on an image server (WE View, Hitachi, Japan) and 
interpreted on an image viewer (Natural VIEW, Hitachi, Japan). PET/CT images 
were interpreted by two nuclear medicine specialists (with 10 and 12 years of 
experience in PET) without knowledge of the preexisting radiology results and 
pathological findings, other than the patients had invasive breast cancer; the di-
agnoses of the patients were confirmed by mutual agreement. SUVmax was 
measured in the transaxial PET images for quantitative analysis of FDG accu-
mulation. Regions of interest were drawn on each primary breast tumor in the 
FDG-PET images and SUVmax was obtained. 

2.4. Histological Evaluation 

The final diagnosis was histologically confirmed from specimens obtained at 
surgery. The histological type of the tumor, tumor size, and nuclear grade (1 well 
differentiated, 2 moderately differentiated, 3 poorly differentiated) were deter-
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mined from formalin fixed paraffin-embedded tumor tissue sections cut at a 
thickness of 5 mm and stained with hematoxylin and eosin. Immunohistoche-
mistry was performed on paraffin-embedded material using primary antibodies 
against estrogen receptor (ER), progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2), and the proliferation index was deter-
mined using Ki-67 antibody. Expression levels of ER, PR, HER2, and Ki-67 were 
determined immunohistochemically, in terms of the percentages of cancer cells 
positive for ER, PR and Ki-67 in the nuclei, and membrane staining for HER2. 
ER and PR were defined as being positive when at least 10% of the tumor cells 
showed positive immunohistochemical staining for these molecules. The HER2 
status was defined as positive when more than 30% of the cells were immuno-
histochemically positive for this molecule (3+) or, when less than 30% (2+), flu-
orescence in situ hybridization analysis demonstrated HER2 gene amplification. 
Ki-67 expression was considered high when at least 14% of the cancer cells exhi-
bited positive staining. The final axillary lymph node status (positive or nega-
tive) was established by the clinician performing the pathological confirmation, 
employing axillary lymph node dissection or sentinel lymph node biopsy. 

2.5. Molecular Classification of Groups 

According to the different combinations of ER, PR and HER2 status, and in line 
with the recommendations of the 12th International Breast Conference [16], 
the patients were categorized into 5 subtypes: luminal A (ER-positive and/or 
PR-positive, HER2-negative and Ki-67 < 14%), luminal B (ER-positive and/or 
PR-positive, HER2 negative and Ki-67 ≥ 14%; or ER-positive and/or PR-positive, 
HER2-positive, irrespective of Ki-67 expression), HER2-positive (ER-negative, 
PR-negative and HER2-positive), and triple-negative (ER-negative, PR-negative 
and HER2-negative). 

2.6. Statistical Analysis 

The correlations between the SUVmax of the breast cancer and the pathological 
and immunohistological data were evaluated using the Mann-Whitney U test 
(two variables) and single-factor analysis of variance and a multiple comparison 
test for parametric data. Receiver operating characteristic (ROC) curve analysis 
was performed to examine which subgroups could be differentiated from the 
others on the basis of SUVmax. The diagnostic accuracy of the optimal cut-off 
value for differentiating one subgroup from the others was also determined by 
ROC analysis. The data were analyzed using SPSS software (version 20, SPSS 
Inc., Chicago, IL, USA). Statistical significance was defined as p < 0.05. 

3. Results 

PET/CT depicted T1-T2 breast cancers with no LN metastasis in 73 (97%) of the 
75 patients. Finally, a total of 73 breast cancers in 73 patients (mean age, 58.9 
years; age range, 30 - 82 years) were analyzed. We excluded two breast cancers 
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with no focal FDG accumulation on PET/CT (T1b tumor; 9 mm and T1c; 12 
mm). Of the total 73 patients, 26 underwent breast-conserving surgery and 47 
mastectomy. Surgical resection was performed 7 - 30 days (mean 20.8 days) after 
FDG-PET/CT. Among these 73 breast cancers, 36 tumors were pathologic stage 
T1, and 37 were stage T2. The median tumor size was 2.6 ± 1.8 cm (range 0.7 - 
4.9 cm). The histologic type included invasive ductal carcinoma (IDC) not oth-
erwise specified (n = 68), invasive lobular carcinoma (n = 1), mucinous carci-
noma (n = 1), apocrine carcinoma (n = 1), neuroendocrine carcinoma (n = 1), 
and medullary carcinoma (n = 1). ER was positive in 56 (76.7%) of the patients, 
and PR was positive in 42 (57.5%); 10 (13.7%) of the patients were HER2-positive. 
The intrinsic subtypes of the 73 tumors were luminal A in 37 patients (40.2%), 
luminal B (HER2-negative) in 27 (29.3%), luminal B (HER2-positive) in 8 
(8.7%), HER2-positive in 5 (5.4%), and triple-negative in 15 (16.3%). 

The SUVmax values, the pathological findings and the results of univariate 
regression analysis for the 73 breast cancers are summarized in Table 1. The 
mean SUVmax of the total 73 tumors was 5.46 ± 4.05. SUVmax for the T1 stage 
group (n = 36) was 3.95 ± 3.28 and that for the T2 stage group (n = 37) was 7.23 ± 
4.10 (p < 0.001). ER positivity and PR positivity were significantly associated 
with lower SUVmax (p < 0.001, p = 0.0134). The SUVmax was also significantly  
 
Table 1. Correlations between pathological and SUVmax Values. 

 
Correlations between pathological and SUVmax values 

Number (%) SUVmax P value 

Tumor invasive size    

T1 36 (49.3) 3.95 ± 3.28 <0.001 

T2 37 (50.7) 7.23 ± 4.10  

ER status    

Positive 56 (76.7) 4.62 ± 3.61 <0.001 

Negative 17 (23.3) 8.90 ± 3.73  

PR status    

Positive 42 (57.5) 4.75 ± 3.94 0.0134 

Negative 31 (42.5) 6.79 ± 3.95  

HER2 status    

Positive 10 (13.7) 8.66 ± 4.98 0.0176 

Negative 63 (86.3) 5.17 ± 3.70  

Ki-67 index (%)    

<14 28 (38.4) 3.24 ± 2.58 <0.001 

≥14 45 (61.6) 7.10 ± 4.11  

Nuclear grade    

1 38 (52.1) 3.85 ± 3.15 <0.001 

2 17 (23.3) 6.79 ± 3.50  

3 18 (24.6) 7.60 ± 3.73  
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influenced by HER2 positivity (p = 0.0176). Patients who had more than 14% 
Ki-67 expression had significantly higher SUVmax (p < 0.001). With regard to 
the tumor nuclear grade, a higher grade was significantly associated with a high-
er SUVmax (p < 0.001). Bonferroni correction revealed significant differences in 
SUVmax x between nuclear grade 1 and grade 2 (p = 0.0145), and grade 1 and 
grade 3 (p < 0.001). 

The mean SUVmax values were 3.32 ± 2.60, 4.74 ± 2.69, 10.39 ± 4.95, 3.94 ± 
1.64 and 9.86 ± 3.24 for the luminal A, luminal B (HER2-negative), luminal B 
(HER2-positive), HER2-positive and triple negative subgroups, respectively 
(Table 2). SUVmax differed significantly among the five subgroups (p < 0.001). 
Moreover, Bonferroni correction revealed significant differences in SUVmax 
between the luminal A and luminal B (HER2-positive) (p < 0.001), the luminal A 
and triple-negative subgroups (p < 0.001), the luminal B (HER2-negative) and 
luminal B (HER2-positive) (p < 0.001), the luminal B (HER2-negative) and 
triple-negative (p < 0.001), the luminal B (HER2-positive) and HER2-positive (p = 
0.0270), and the luminal B (HER2-positive) and triple negative (p = 0.0299).  

The mean SUVmax was 4.74 ± 3.69 for luminal tumors and 8.75 ± 3.80 for 
non-luminal tumors (p < 0.001). In the ROC analysis, the optimal area under the 
ROC curve (AUC) was 0.807. A cut-off SUVmax value of 5.46 yielded a sensitiv-
ity of 93.2% (95% confidence interval, CI, 85.5% - 97.5%), a specificity of 44.8% 
(95% CI 33.2% - 51.4%), and an accuracy of 74.0% (95% CI 64.8% - 79.2%) for 
differentiation of luminal from non-luminal subtypes. The mean SUVmax was 
9.86 ± 3.24 for triple negative tumors and 4.70 ± 3.61 for non-triple-negative 
tumors (p < 0.001). A cut-off SUVmax of 6.33 yielded a sensitivity of 92.3% 
(95% CI 69.7% - 98.6%), a specificity of 75.0% (95% CI 70.1% - 76.4%), an accu-
racy of 78.1% (95% CI 70.0% - 80.3%), and an AUC of 0.878 for prediction of 
triple-negative tumors (Table 3). 

PET/CT imaging of representative patients is shown in Figure 1 and Figure 2. 

4. Discussion 

In this study, we assessed the correlation between SUVmax on FDG-PET/CT  
 

Table 2. SUVmax in relation to intrinsic subgroup. 

SUVmax in relation to intrinsic subgroup 

Subgroup Number (%) SUVmax 

Luminal A 28 (38.4) 3.32 ± 2.60 

Luminal B (HER2-negative) 22 (30.1) 4.74 ± 2.69 

Luminal B (HER2-positive) 7 (9.6) 10.39 ± 4.95 

HER2-positive 3 (4.1) 3.94 ± 1.64 

Triple-negative 13 (17.8) 9.86 ± 3.24 

P < 0.01; luminal A vs. luminal B (HER2-positive), the luminal A vs. triple-negative, luminal B 
(HER2-negative) vs. luminal B (HER2-positive), and luminal B (HER2-negative) vs. triple-negative, P < 
0.05; triple negative subgroups vs. HER2-positive, and the luminal B (HER2-positive) vs. HER2-positive. 
Sample of a Table footnote. 
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Table 3. Results of ROC analysis for prediction of luminal tumors and triple negative 
tumors. 

Results of ROC analysis for prediction of luminal tumors and triple negative tumors 

Luminal tumor 
(SUVmax) 

 4.74 ± 3.69 p < 0.001 

Non-luminal tumors 
(SUVmax) 

 8.75 ± 3.80  

 *AUC 0.807  

 Sensitivity 93.2%  

 Specificit 44.8%  

 Accuracy 74.0%  

Triple negative tumors 
(SUVmax) 

 9.86 ± 3.24 p < 0.001 

Non-triple negativetumors 
(SUVmax) 

 4.70 ± 3.61  

 **AUC 0.878  

 Sensitivity 92.3%  

 Specificit 75.0%  

 Accuracy 78.1%  

*The optimal cut-off level of SUVmax was 5.46. **The optimal cut-off level of SUVmax was 6.33. 

 

 
(a)                                       (b) 

Figure 1. A 64-year-old woman with luminal A invasive ductal cancer (14 mm; ER 90%, 
PR 70% HER2 0, Ki-67 1%, nuclear grade 1, T1cN0M0). (a) 18F-FDG PET MIP image. (b) 
Axial PET/CT image. SUVmax value was 3.2. 
 
and pathological findings, including prognostic factors, in patients with T1N0 or 
T2N0 stage breast cancer undergoing curative surgery. Our study demonstrates 
that the SUVmax value on FDG-PET/CT is shown to have significant positive 
relationships with several parameters of pathological status in patients with 
T1-T2 breast cancer but no LN metastasis. A higher SUVmax is evident in more 
biologically aggressive tumors. 

In breast cancer patients, the use of PET/CT for assessing both local extent 
and distant metastatic disease has been investigated. For assessment of local dis-
ease, MRI seems to be a better choice due to its higher resolution and ability to 
detect intra-ductal disease [17]. It should be noted that PET/CT is inferior to  
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(a)                                       (b) 

Figure 2. A 48-year-old woman with triple-negative invasive ductal cancer (17 mm; ER 
0%, PR 0% HER2 0, Ki-67 20%, nuclear grade 3, T1cN0M0). (a) 18F-FDG PET MIP im-
age. (b) Axial PET/CT image. SUVmax value was 14.1. 
 
MRI for PET/CT is inferior to MRI for assessing the local extent of the tumor. 
PET/CT may be helpful for diagnosing axillary disease, but unfortunately its 
sensitivity is low, i.e. less than 70% for axillary involvement. For detection of 
distant metastasis, however, PET/CT might be superior to conventional imaging 
methods [17]. PET and PET/CT may lead to upstaging of 9% - 30% of breast 
cancer patients [18]. However, the value of PET/CT for detecting distant disease 
in patients with early-stage breast cancers has been questioned. In a recent study 
including 178 newly diagnosed breast cancer patients with no clinical evidence 
of LN metastasis, PET/CT resulted in a change of the treatment plan in only 
3.9% of the patients, and only 2 patients (1.1%) had extra-axillary metastasis 
[19]. Garami et al. reported a change in treatment plans in 6.3% of stage I pa-
tients with the use of PET/CT [20], and Nursal et al. reported that detection of 
distant metastasis was possible in 2.9% of clinical stage I patients [21]. In a small 
study, Gunalp et al. reported a higher rate (26%) of clinical upgrading for even 
stage I breast cancer with the use of PET/CT [22].  

The TNM staging system for breast cancers is internationally accepted and 
used to determine the disease stage, which in turn guides management and de-
termines prognosis. However, TNM subgroups do not consider the biology of 
the tumors cells, including tumor behavior. Breast cancer is a heterogeneous 
disease in terms of histology, dissemination modality, therapeutic response and 
prognosis. The higher metabolic activity of certain types of breast cancer may be 
associated with poor prognostic features. Several previous studies have demon-
strated relationships between FDG accumulation on PET/CT and pathological 
characteristics (including tumor size, histological grade, ER, PR, HER2 status, 
Ki-67 index, axillary lymph node status, and stage) that are known to be impor-
tant predictors of long-term survival in breast cancer patients [9] [10] [11] [12] 
[13]. Accounting for the divergent outcomes of FDG-PET/CT for early-stage 
breast cancer, Gilardi et al. have suggested that molecular subtypes and hormon-
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al receptor status might be important [23]. The decision to carry out an 
FDG-PET/CT scan in the initial evaluation of patients with early-stage breast 
cancer should probably take into account these biological differences. Several 
more aggressive subtypes of breast cancer have a greater probability of develop-
ing systemic dissemination, even in patients with relative small tumors. This 
could add value to the imaging procedure, further improving its impact on the 
management of patients.  

In this study we excluded two breast cancers (2.7%) with no focal FDG accu-
mulation on PET/CT. These false negative cases were T1b (of 9 mm) and T1c (of 
12 mm) IDCs. Among the clinicopathological factors reported to be associated 
with false negative FDG accumulation in primary breast cancer, only tumor size 
(≤10 mm) and low tumor grade showed independent associations [13]. A small 
lesion size with a relatively low tumor glucose metabolic activity and a partial 
volume effect might explain these results [24]. Use of FDG-PET/CT for detec-
tion of the primary tumor is currently not recommended, mainly because of the 
supposedly low sensitivity for small carcinomas. However, the introduction of 
TOF technology used in this research has further increased the image quality of 
PET/CT and dramatically improved cancer detectability [25]. In a recent study, 
67% of T1b and 98% of T1c tumors could be visualized with PET/CT. In addi-
tion, PET image acquisition can be adapted to the specific situation of the 
breasts and regional nodes using optimal image reconstruction [26].  

Various new imaging technologies have been developed, and the following 
modalities are predicted to have potential utility for breast cancer diagnosis. 
Combined PET and MR systems (PET/MR) have emerged as promising imaging 
modalities. MR is very sensitive and PET may offer specificity. In a feasibility 
study, multi-parametric FDG-PET/MR improved the differentiation of tumor 
characteristics, possibly providing additional information for preoperative as-
sessment [27]. In addition to increased spatial resolution, new and more specific 
markers for breast cancer are being developed in order to improve the value of 
FDG-PET/CT results. Among these new markers, attention should be drawn 
to 18F-16-alpha-17-beta-fluoroestradiol and 68 Gatrastuzumab, which can 
non-invasively depict the tumor expression of estrogen and HER2 receptors, re-
spectively, with potential usefulness for assessment of therapeutic planning and 
response [28]. 

Our study had several limitations. First, it had a retrospective design and was 
conducted at a single institution, which would have unavoidably introduced se-
lection bias. Second, the determination of subtype based on immunohistochemi-
stry might not correspond to the molecular subtype in the gene expression pro-
file. Third, we did not analyze actual survival data and the clinical impact on 
prognosis because of the short follow-up period. As there may be an association 
between SUVmax and the prognosis of breast cancer, more thorough investiga-
tions of larger cohorts with respect to the association between FDG accumula-
tion and prognosis might yield more precise results. 
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5. Conclusion 

Our study demonstrates that the SUVmax value on FDG-PET/CT is shown to 
have significant positive relationships with several parameters of pathological 
status in patients with T1-T2 breast cancer but no LN metastasis. A higher 
SUVmax is evident in more biologically aggressive tumors. Even in early-stage 
breast cancer patients, FDG-PET/CT of the pre-treatment is useful for providing 
additional information and predicting malignant behavior and prognosis. 

References 
[1] Perou, C.M., Sørlie, T., Eisen, M.B., van de Rijn, M., Jeffrey, S.S., Rees, C.A., Pollack, 

J.R., Ross, D.T., Johnsen, H., Akslen, L.A, Fluge, O., Pergamenschikov, A., Williams, 
C., Zhu, S.X., Lønning, P.E., Børresen-Dale, A.L., Brown, P.O. and Botstein, D. 
(2000) Molecular Portraits of Human Breast Tumours. Nature, 406, 747-452.  
https://doi.org/10.1038/35021093  

[2] Van 't Veer, L.J., Dai, H., van de Vijver, M.J., He, Y.D., Hart, A.A., Mao, M., Peterse, 
H.L., van der Kooy, K., Marton, M.J., Witteveen, A.T., Schreiber, G.J., Kerkhoven, 
R.M., Roberts, C., Linsley, P.S., Bernards, R. and Friend, S.H. (2002) Gene Expres-
sion Profiling Predicts Clinical Outcome of Breast Cancer. Nature, 415, 530-536.  
https://doi.org/10.1038/415530a  

[3] Paik, S., Shak, S., Tang, G., Kim, C., Baker, J., Cronin, M., Baehner, F.L., Walker, 
M.G., Watson, D., Park, T., Hiller, W., Fisher, E.R., Wickerham, D.L., Bryant, J. and 
Wolmark, N. (2004) A Multigene Assay to Predict Recurrence of Tamox-
ifen-Treated, Node-Negative Breast Cancer. The New England Journal of Medicine, 
351, 2817-2826. https://doi.org/10.1056/NEJMoa041588  

[4] Dirisamer, A., Halpern, B.S., Flöry, D., Wolf, F., Beheshti, M., Mayerhoefer, M.E. 
and Langsteger, W. (2010) Integrated Contrast-Enhanced Diagnostic Whole-Body 
PET/CT as a First-Line Restaging Modality in Patients with Suspected Metastatic 
Recurrence of Breast Cancer. European Journal of Radiology, 73, 294-299.  
https://doi.org/10.1016/j.ejrad.2008.10.031  

[5] Sharma, B., Martin, A., Stanway, S., Johnston, S.R. and Constantinidou, A. (2010) 
Imaging in Oncology—Over a Century of Advances. Nature Reviews Clinical On-
cology, 9, 728-737. https://doi.org/10.1038/nrclinonc.2012.195  

[6] Chang, J.S., Lee, J., Kim, H.J., Kim, K.H., Yun, M., Kim, S.I., Keum, K.C., Suh, C.O. 
and Kim, Y.B. (2016) 18F-FDG/PET May Help to Identify a Subgroup of Patients 
with T1-T2 Breast Cancer and 1-3 Positive Lymph Nodes Who Are at a High Risk 
of Recurrence after Mastectomy. Cancer Research and Treatment, 48, 508-517.  
https://doi.org/10.4143/crt.2015.172   

[7] Okada, M., Nakayama, H., Okumura, S., Daisaki, H., Adachi, S., Yoshimura, M. and 
Miyata, Y. (2011) Multicenter Analysis of High-Resolution Computed Tomography 
and Positron Emission Tomography/Computed Tomography Findings to Choose 
Therapeutic Strategies for Clinical Stage IA Lung Adenocarcinoma. The Journal of 
Thoracic and Cardiovascular Surgery, 141, 1384-1391.  
https://doi.org/10.1016/j.jtcvs.2011.02.007  

[8] Kitajima, K., Fukushima, K., Miyoshi, Y., Nishimukai, A., Hirota, S., Igarashi, Y., 
Katsuura, T., Maruyama, K. and Hirota, S. (2015) Association between 18F-FDG 
Uptake and Molecular Subtype of Breast Cancer. European Journal of Nuclear 
Medicine and Molecular Imaging, 42, 1371-1377.  
https://doi.org/10.1007/s00259-015-3070-1 

https://doi.org/10.4236/ojmi.2017.73011
https://doi.org/10.1038/35021093
https://doi.org/10.1038/415530a
https://doi.org/10.1056/NEJMoa041588
https://doi.org/10.1016/j.ejrad.2008.10.031
https://doi.org/10.1038/nrclinonc.2012.195
https://doi.org/10.4143/crt.2015.172
https://doi.org/10.1016/j.jtcvs.2011.02.007
https://doi.org/10.1007/s00259-015-3070-1


R. Murakami et al. 
 

 

DOI: 10.4236/ojmi.2017.73011 122 Open Journal of Medical Imaging 
 

[9] Ueda, S., Tsuda, H., Asakawa, H., Shigekawa, T., Fukatsu, K., Kondo, N., Yamamoto, 
M., Hama, Y., Tamura, K., Ishida, J., Abe, Y. and Mochizuki, H. (2008) Clinicopatho-
logical and Prognostic Relevance of Uptake Level Using 18F-Fluorodeoxyglucose Posi-
tron Emission Tomography/Computed Tomography Fusion Imaging (18F-FDG 
PET/CT) in Primary Breast Cancer. Japanese Journal of Clinical Oncology, 38, 
250-258. https://doi.org/10.1093/jjco/hyn019 

[10] Groheux, D., Giacchetti, S., Moretti, J.L., Porcher, R., Espié, M., Lehmann-Che, J., 
de Roquancourt, A., Hamy, A.S., Cuvier, C., Vercellino, L. and Hindié, E. (2011) 
Correlation of High 18F-FDG Uptake to Clinical, Pathological and Biological Prog-
nostic Factors in Breast Cancer. European Journal of Nuclear Medicine and Mole-
cular Imaging, 38, 426-435. https://doi.org/10.1007/s00259-010-1640-9 

[11] Wang, C.L., MacDonald, L.R., Rogers, J.V., Aravkin, A., Haseley, D.R. and Beatty, 
J.D. (2011) Positron Emission Mammography: Correlation of Estrogen Receptor, 
Progesterone Receptor, and Human Epidermal Growth Factor Receptor 2 Status 
and 18F-FDG. American Journal of Roentgenology, 197, 247-255.  
https://doi.org/10.2214/AJR.11.6478 

[12] Koolen, B.B., VranckenPeeters, M.J., Wesseling, J., Lips, E.H., Vogel, W.V., Auke-
ma, T.S., van Werkhoven, E., Gilhuijs, K.G., Rodenhuis, S., Rutgers, E.J. and Valdés 
Olmos, R.A. (2012) Association of Primary Tumour FDG Uptake with Clinical, 
Histopathological and Molecular Characteristics in Breast Cancer Patients Sche-
duled for Neoadjuvant Chemotherapy. European Journal of Nuclear Medicine and 
Molecular Imaging, 39, 1830-1838. https://doi.org/10.1007/s00259-012-2211-z 

[13] Koo, H.R., Park, J.S., Kang, K.W., Cho, N., Chang, J.M., Bae, M.S., Kim, W.H., Lee, 
S.H., Kim, M.Y., Kim, J.Y., Seo, M. and Moon, W.K. (2014) 18F-FDG Uptake in 
Breast Cancer Correlates with Immunohistochemically Defined Subtypes. European 
Radiology, 24, 610-618. https://doi.org/10.1007/s00330-013-3037-1 

[14] García Vicente, A.M., Soriano Castrejón, Á., León Martín, A., ChacónLópez-Muñiz, 
I., Muñoz Madero, V., Muñoz Sánchez Mdel, M., Palomar Muñoz, A., Espinosa 
Aunión, R. and González Ageitos, A. (2013) Molecular Subtypes of Breast Cancer: 
Metabolic Correlation with 18F FDG PET/CT. European Journal of Nuclear Medi-
cine and Molecular Imaging, 40, 1304-1311.  
https://doi.org/10.1007/s00259-013-2418-7 

[15] Miyake, K.K., Nakamoto, Y., Kanao, S., Tanaka, S., Sugie, T., Mikami, Y., Toi, M. 
and Togashi, K. (2014) Diagnostic Value of 18F-FDG PET/CT and MRI in Predict-
ing the Clinicopathologic Subtypes of Invasive Breast Cancer. American Journal of 
Roentgenology, 203, 272-279. https://doi.org/10.2214/AJR.13.11971 

[16] Goldhirsch, A., Wood, W.C., Coates, A.S., Gelber, R.D., Thürlimann, B. and Senn, 
H.J. (2011) Strategies for Subtypes-Dealing with the Diversity of Breast Cancer: 
Highlights of the St. Gallen International Expert Consensus on the Primary Therapy 
of Early Breast Cancer. Annals of Oncology, 22, 1736-1747.  
https://doi.org/10.1093/annonc/mdr304 

[17] Uematsu, T., Kasami, M. and Yuen, S. (2009) Comparison of FDG PET and MRI 
for Evaluating the Tumor Extent of Breast Cancer and the Impact of FDG PET on 
the Systemic Staging and Prognosis of Patients Who Are Candidates for Breast 
Conserving Therapy. Breast Cancer, 16, 97-104.  
https://doi.org/10.1007/s12282-008-0065-9 

[18] Groheux, D., Hindié, E., Delord, M., Giacchetti, S., Hamy, A.S., de Bazelaire, C., de 
Roquancourt, A., Vercellino, L., Toubert, M.E., Merlet, P. and Espié, M. (2012) 
Prognostic Impact of (18) FDG-PET-CT Findings in Clinical Stage III and IIB 
Breast Cancer. Journal of the National Cancer Institute, 104, 1879-1887.  

https://doi.org/10.4236/ojmi.2017.73011
https://doi.org/10.1093/jjco/hyn019
https://doi.org/10.1007/s00259-010-1640-9
https://doi.org/10.2214/AJR.11.6478
https://doi.org/10.1007/s00259-012-2211-z
https://doi.org/10.1007/s00330-013-3037-1
https://doi.org/10.1007/s00259-013-2418-7
https://doi.org/10.2214/AJR.13.11971
https://doi.org/10.1093/annonc/mdr304
https://doi.org/10.1007/s12282-008-0065-9


R. Murakami et al. 
 

 

DOI: 10.4236/ojmi.2017.73011 123 Open Journal of Medical Imaging 
 

https://doi.org/10.1093/jnci/djs451 

[19] Jeong, Y.J., Kang, D.Y., Yoon, H.J. and Son, H.J. (2014) Additional Value of F-18 
FDG PET/CT for Initial Staging in Breast Cancer with Clinically Negative Axillary 
Nodes. Breast Cancer Research and Treatment, 145, 137-142.  
https://doi.org/10.1007/s10549-014-2924-8 

[20] Garami, Z., Hascsi, Z., Varga, J., Dinya, T., Tanyi, M., Garai, I., Damjanovich, L. 
and Galuska, L. (2012) The Value of 18-FDG PET/CT in Early-Stage Breast Cancer 
Compared to Traditional Diagnostic Modalities with an Emphasis on Changes in 
Disease Stage Designation and Treatment Plan. European Journal of Surgical On-
cology, 38, 31-37.  

[21] Nursal, G.N., Nursal, T.Z., Aytac, H.O., Hasbay, B., Torun, N., Reyhan, M. and Ya-
par, A.F. (2016) Is PET/CT Necessary in the Management of Early Breast Cancer? 
Clinical Nuclear Medicine, 41, 362-365.  
https://doi.org/10.1097/RLU.0000000000001165 

[22] Gunalp, B., Ince, S., Karacalioglu, A.O., Ayan, A., Emer, O. and Alagoz, E. (2012) 
Clinical Impact of (18) F-FDG PET/CT on Initial Staging and Therapy Planning for 
Breast Cancer. Experimental and Therapeutic Medicine, 4, 693-698.  
https://doi.org/10.3892/etm.2012.659 

[23] Gilardi, L., Fumagalli, L. and Paganelli, G. (2013) Preoperative PET/CT in Early 
Stage Breast Cancer: Is the TNM Classification Enough? Annals of Oncology, 24, 
852. https://doi.org/10.1093/annonc/mdt004 

[24] Soret, M., Bacharach, S.L. and Buvat, I. (2007) Partial-Volume Effect in PET Tumor 
Imaging. Journal of Nuclear Medicine, 48, 932-945.  
https://doi.org/10.2967/jnumed.106.035774 

[25] Lois, C., Jakoby, B.W., Long, M.J., Hubner, K.F., Barker, D.W., Casey, M.E., Conti, 
M., Panin, V.Y., Kadrmas, D.J. and Townsend, D.W. (2010) An Assessment of the 
Impact of Incorporating Time-of-Flight Information into Clinical PET/CT Imaging. 
Journal of Nuclear Medicine, 51, 237-245.  
https://doi.org/10.2967/jnumed.109.068098 

[26] Koolen, B.B., van der Leij, F., Vogel, W.V., Rutgers, E.J., VranckenPeeters, M.J., 
Elkhuizen, P.H. and Valdés, O. (2014) Accuracy of 18F-FDG PET/CT for Primary 
Tumor Visualization and Staging in T1 Breast Cancer. Acta Oncologica, 53, 50-57.  
https://doi.org/10.3109/0284186X.2013.783714 

[27] Pinker, K., Bogner, W., Baltzer, P., Karanikas, G., Magometschnigg, H., Brader, P., 
Gruber, S., Bickel, H., Dubsky, P., Bago-Horvath, Z., Bartsch, R., Weber, M., Tratt-
nig, S. and Helbich, T.H. (2014) Improved Differentiation of Benign and Malignant 
Breast Tumors with Multiparametric 18Fluorodeoxyglucose Positron Emission To-
mography Magnetic Resonance Imaging: A Feasibility Study. Clinical Cancer Re-
search, 20, 3540-3549. https://doi.org/10.1158/1078-0432.CCR-13-2810 

[28] Pinker, K., Bogner, W., Gruber, S., Brader, P., Trattnig, S., Karanikas, G. and Hel-
bich, T.H. (2011) Molecular Imaging in Breast Cancer—Potential Future Aspects. 
Breast Care, 6, 110-119. https://doi.org/10.1159/000328275 

 
 
 

 

https://doi.org/10.4236/ojmi.2017.73011
https://doi.org/10.1093/jnci/djs451
https://doi.org/10.1007/s10549-014-2924-8
https://doi.org/10.1097/RLU.0000000000001165
https://doi.org/10.3892/etm.2012.659
https://doi.org/10.1093/annonc/mdt004
https://doi.org/10.2967/jnumed.106.035774
https://doi.org/10.2967/jnumed.109.068098
https://doi.org/10.3109/0284186X.2013.783714
https://doi.org/10.1158/1078-0432.CCR-13-2810
https://doi.org/10.1159/000328275


 
 

 

 
Submit or recommend next manuscript to SCIRP and we will provide best 
service for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact ojmi@scirp.org 

http://papersubmission.scirp.org/
mailto:ojmi@scirp.org

	Prognostic Value of SUVmax of 18F-FDG PET/CT in Early Stage Breast Cancer with No LN Metastasis
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Patient Selection
	2.2. FDG-PET/CT Imaging
	2.3. Imaging Analysis
	2.4. Histological Evaluation
	2.5. Molecular Classification of Groups
	2.6. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	References

