
Purpose: To investigate the relation between PET-CT SU-
Vmax value and prognostic factors in locally advanced 
breast cancer.

Methods: Data of 73 patients were retrospectively analyz-
ed.  Relations between SUVmax value, clinical stage, tumor 
grade and breast cancer molecular subtypes were analyz-
ed by using one-way ANOVA and x² tests. Correlations 
between age, ki-67 scores and SUVmax were evaluated by 
using Pearson’s correlation test. A p value <0.05 was con-
sidered statistically significant.

Results: Median SUVmax values for clinical stages 1, 2 
and 3 were 5 (range 2.1-4.1), 10.6 (range 2.9-19.6), and 12.2 
(range 3.2-23.3), respectively. Statistically significant dif-
ference was noticed between stage 1 and 2 (p=0.014) and 
stage 1 and 3 (p=0.001). Median SUVmax values of tri-
ple negative, luminal A, luminal B and non-luminal HER2 
positive groups were 14.4 (range 6.6-23.3), 8.2 (range 2.1-
18.2), 10.1 (range 3.5-19.6), and 14 (range 4.1-22.9), re-
spectively. Statistically significant differences were noticed 

in SUVmax values between triple-negative and luminal A 
groups (p=0.005) and between non-luminal HER2 positive 
and luminal A groups (p=0.02). Median SUVmax values of 
grade 1, 2 and 3 were 5.7 (range 2.1-18.2), 9.5 (range 2.2-21.3), 
and 11.6 (range 3.5-23), respectively. Statistically significant 
difference was noticed only between SUVmax values of grade 
1 and 3 (p=0.035). There was negative correlation between age 
and SUVmax value (r=-0.23, p=0.047) and positive correlation 
between ki-67 and SUVmax value (r=0.43, p=0.016).

Conclusion: There were significant positive relations be-
tween PET-CT SUVmax value and clinical stage, tumor 
grade, and certain breast cancer molecular subtypes (tri-
ple-negative and non-luminal HER2 positive groups. More-
over, positive correlation was found between SUVmax val-
ue and ki-67 and negative correlation between SUVmax 
value and age.
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Is there any relation between PET-CT SUVmax value and 
prognostic factors in locally advanced breast cancer?
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18F-fluorodeoxyglucose positron emission 
tomography/ computed tomography (18F-FDG 
PET/CT) is an effective method for evaluating of 
patients with locally advanced breast cancer. Su-
periority of 18F-FDG PET/CT over other conven-
tional imaging methods is based on its ability to 
quantify functional tumor biology. In breast can-

cer, 18F-FDG PET/CT has been used for tumor de-
tection and staging, monitoring the response of 
the primary tumor to neoadjuvant chemotherapy 
and obtaining prognostic information [1,2]. Some 
previous trials demonstrated that the degree of 
FDG uptake may provide important clinical and 
biological information in addition to being a use-
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ful tool for initial detection of primary breast can-
cer. Therefore, high levels of 18F-FDG uptake are 
considered to indicate more aggressive potential 
of the primary tumor than low levels [3-9]. Also, 
previous trials have demonstrated a correlation 
between the intensity of 18F-FDG PET/CT uptake 
and tumor grade, hormonal receptor status, tumor 
subtype and HER2 status [5,10-14].

In recent years, microarrays technology has 
allowed the identification and characterization of 
distinct breast cancer subtypes such as luminal A, 
luminal B, HER2 overexpressing and triple-nega-
tive tumors [15].  The molecular diversity in cell 
biology is associated with significant differences 
in clinical outcomes and immunohistochemical 
techniques give more details in the characteri-
zation of breast cancer subtypes [16-18]. Several 
trials have demonstrated association between the 
intensity of 18F-FDG uptake and histological and 
biological characteristics such as hormonal re-
ceptor status, HER2 status, grade and tumor type. 
However, the relation between the prognostic 
value of SUVmax and the molecular subtypes of 
breast cancer has not been  assessed. Therefore, 
the purpose of this study was to evaluate the re-
lation between SUVmax and molecular subtypes 
of breast cancer, such as luminal A, luminal B, 
HER2 overexpressing and triple-negative tumors. 
If such a relation could exist it would have serious 
implications in the treatment of locally advanced 
breast cancer.

Methods

Inclusion criteria 

Between 2009 and 2013, patients with locally ad-
vanced breast cancer who underwent  PET/CT in our 
hospital were evaluated. We identified 98 patients, 73 
of whom had available clinical and radiological infor-
mation and were included in this study. Patients with 
biopsy (tru-cat) proven breast cancer who underwent 
PET/CT before surgery, and chemo/radiochemotherapy 
were included in this study. Patients who had excision-
al biopsy were excluded. Primary tumors’ clinical stage 
was assessed by clinical examination, mammogram, 
ultrasonography and magnetic resonance imaging 
(MRI) in all of the patients.

Imaging protocol

The patients fasted for at least 4 hrs prior to PET/
CT imaging and their blood glucose levels were ob-
tained prior to tracer injection. The blood glucose levels 
of all patients were below 200 mg/dl at the time of FDG 
injection. Each patient received intravenously 7-10 mCi 
(260-370MBq) of FDG as tracer. Following this, the pa-

tients rested on a comfortable chair in a silent room for 
1 hr to allow FDG biodistribution. For optimal delinea-
tion of bowel structures, 400-600 ml of contrast mate-
rial diluted in water was ingested 1 hr before CT imag-
ing. No urinary bladder catheterization was performed, 
and no diuretics were administered at this time. Whole 
body imaging was performed 1 hr after radiotracer in-
jection using a Siemens Biograph PET/CT scanner with 
lutetium orthosilicate (LSO) detectors (Siemens Bio-
graph 6, IL, Chicago, USA). First, low dose CT was per-
formed with 140 kV, 50 mA, a table speed of 22.5 mm/s 
and without any specific breath holding instructions. 
Scanning from the top of the skull down to the upper 
thighs was performed in a single step with the patient 
in supine position. CT data were used for attenuation 
correction (5 mm contiguous axial cuts). Immediately 
afterwards, a PET emission scan was obtained without 
changing the patient’s position. Six to eight bed posi-
tions were used with an acquisition time of 3 min for 
each bed position. The PET scan was acquired in a three 
dimensional mode over the same anatomical regions, 
starting at the level of the mid thigh. The PET image 
data sets were reconstructed iteratively using the CT 
data for attenuation correction and co-registered imag-
es were displayed on a workstation.

Image analysis

All PET/CT images were analyzed by an expert 
nuclear medicine physician who had no information 
about the diagnostic CT findings. Attenuation corrected 
PET images, CT scans, and co-registered PET/CT im-
ages were interpreted using a dedicated image fusion 
workstation and a final consensus was reached for all 
patients. Any foci with increased FDG uptake, except 
for areas of physiologically increased FDG uptake, cor-
responding to a CT abnormality (tissue or lymph node) 
were considered positive for breast lesions. Suspicious 
findings on CT were considered negative if they did not 
correspond to an area of increased FDG uptake. In this 
study we used SUVmax value because it is less variable 
than mean SUV in terms of measurements [6].

Immunohistochemistry

Immunohistochemistry was used in the examina-
tion of estrogen (ER) and pro¬gesterone receptors (PR) 
in 73 patientx with locally advanced breast cancer. In-
tranuclear staining in the cells was expressed as the 
percentage of stained cells; ≥1% staining was defined 
as positive. The evaluation of HER2 positivity was 
based on the guidelines of American Society of Clinical 
Oncology (College of American Pathologists).

Microarrays

In recent years, microarrays have allowed the iden-
tification and characterization of distinct breast cancer 
subtypes such as luminal A, luminal B, HER2 overex-
pressing and triple-negative tumors [16].  Breast cancer 
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based on the expression of ER, PR, HER2 was classified 
into 4 molecular subtypes in 73 patients as follows: lu-
minal A tumors (ER positive or PR positive and HER2 
negative), luminal B tumors (ER positive or PR positive 
and HER2 positive), non-luminal HER2 positive tumors 
(ER negative or PR negative and HER2 positive), tri-
ple-negative tumors (ER negative or PR negative and 
HER2 negative).

Statistics

Relations between SUVmax value of the primary 
tumor and ER, PR, HER2 receptors, clinical stage, tu-
mor grade, ki-67 scores and age were investigated.  Re-
lations between SUVmax value and clinical stage, tu-
mor grade and breast cancer molecular subtypes were 
analyzed by using one-way ANOVA and x² tests. Cor-
relations between age, ki-67 scores and SUVmax were 
evaluated by using Pearson’s correlation test. A p value 
<0.05 was considered statistically significant.

Results 

Seventy-three patients with locally advanced 
invasive breast carcinoma were included before 
neoadjuvant chemotherapy. Their median age was 
50 years (range 30-72) and median SUV max val-
ue was  10.3 (range 2.1-23.3). Thirty-four patients 
(47%) were premenopausal and 39 (53%) meno-
pausal at the time of diagnosis. Patient clinical 
characteristics are shown in Table 1.

The relationship between SUVmax and prog-
nostic factors, such as stage, grade, hormone re-
ceptor status and ki-67 index was evaluated. A 
negative correlation between age and SUVmax 
value (r=-0.23, p=0.047) and a positive correlation 
between ki-67 score and SUVmax value (r=0.43, 
p=0.016) were noticed.

Median SUVmax values for clinical stages 1, 
2 and 3 were 5 (range 2.1-4.1), 10.6 (range 2.9-
19.6) and 12.2 (range 3.2-23.3), respectively. Sta-
tistically significant differences were noticed be-
tween stage 1 and 2 (p=0.014) and stage 1 and 3 
(p=0.001), while there was no statistically signif-
icant difference between stages 2 and 3 with re-
spect to SUVmax value. Median SUVmax values of 
triple-negative, luminal A, luminal B and non-lu-
minal HER2 positive groups were 14.4 (range 6.6-
23.3), 8.2 (range 2.1-18.2), 10.1 (range 3.5-19.6) 
and 14 (range 4.1-22.9), respectively. Statistical-
ly significant differences in SUVmax values were 
registered between triple-negative and luminal A 
groups (p=0.005) and between non-luminal HER2 
positive and luminal A groups (p=0.02). Median 
SUVmax values of grade 1, 2 and 3 were 5.7 (range 
2.1-18.2), 9.5 (range 2.2-21.3) and 11.6 (range 3.5-

23), respectively (one way ANOVA, p=0.034). Sta-
tistically significant difference in SUVmax val-
ues was found only between grade 1 and grade 3 
(p=0.035). The relationship between clinicopatho-
logical features and SUV max value are shown in 
detail in Table 2.

Discussion

To our knowledge, there are only few pub-
lished data about the findings from PET-CT SU-

Table 1. Patient and disease characteristics 

Characterisitics  N   %

Age, years, median (range) 50  (30-72)

SUVmax, median (range) 10.3 (2.1-23.3)

Menopausal status

Premenopausal 34 47

Postmenopausal 39 53

Histology 

Invasive ductal carcinoma 63 86

Invasive lobular carcinoma 4 6

Mixed histology* 6 8

T stage

T1 16 22

T2 35 48

T3 11 15

T4 11 15

Nodal status

Positive 31 43

Negative 42 57

Grade

I 6 8

II 35 48

III 26 36

Unknown 6 8

Estrogen receptor status

Positive 51 70

Negative 22 30

Progesterone receptor status

Positive 42 58

Negative 31 42

HER2 receptor status

Positive 30 41

Negative 43 59

Triple-negative status

Positive 12 16

Negative 61 84

Ki-67 mean (range)** 40 1-80
*invasive ductal and invasive lobular carcinoma 
**Ki-67 values were avaible in 40 patients
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Vmax value in the four molecular subtypes of 
breast cancer. In our study we elucidated the rela-
tionship between 4 molecular subtypes of breast 
cancer and PET-CT and our patients have shown 
significant relationship between PET-CT SUVmax 
value and the parameters that have prognostic 
significance in breast cancer. Basu et al. [19] as-
sessed the FDG PET-CT imaging characteristics 
in 29 patients with triple-negative breast cancer 
and compared these results with the imaging 
characteristics of 59 patients with ER positive/ 
PR positive/ HER2 negative breast cancer, which 
usually carry a favorable prognosis. The authors 
demonstrated that triple-negative breast cancers 
were associated with enhanced FDG uptake which 
revealed their aggressive biology when compared 
ER positive/ PR positive/ HER2 negative breast 
carcinoma.

Our study is consistent with the Basu et al. 
findings in which triple-negative and non-luminal 
HER2 breast cancer, which have more aggressive 
clinical course than others, had significantly high-
er SUVmax values than the other types of breast 
cancer with favorable prognosis  (e.g. luminal A). 

In the literature, several trials have demon-
strated the usefulness of PET-CT imaging for 
assessing patients with breast cancer. Some pre-
vious trials elucidated that the degree  of FDG up-
take may provide information in addition to being 

a useful approach for detection of primary breast 
cancer [8-14].

Kadoya et al. have evaluated the relationship 
between prognostic factors and PET-CT SUVmax 
value in 344 patients with clinical stage I-III who 
did not receive surgical intervention and induc-
tion therapy [8]. The authors have demonstrated 
that there was a relationship between high value 
of PET-CT SUVmax and HER2 receptor positivity, 
and high tumor grade.  

Ohara et al. evaluated the significance of PET-
CT SUVmax value as prognostic factor for  opera-
ble breast cancer [9]. They reported that high SU-
Vmax was significantly associated with large tumor 
size, lymph node metastasis, high nuclear grade, 
lymphovascular invasion, hormone receptor status, 
positive HER2 status and poor prognosis. Our re-
sults by which we demonstrated the relationship 
between SUVmax values and prognostic factors 
such as clinical stage, tumor grade, hormone re-
ceptor status and HER2 receptor status, are con-
sistent with the findings of Ohara et al. study.

In their study, Gil-Rendo et al. Demonstrated 
that there was a relationhip between SUVmax and 
ki-67 proliferative index [14]. The results of our 
study coincide with the results of Gil-Rendo et al. 
study.

In conclusion, the current study suggests that 
FDG PET-CT SUVmax values may reflect the mo-

Table 2. Relationship between clinicopathologic features and SUV max value

Variables N % SUVmax median 
(range) Statistical test p value

Age, years, median (range) 50 (30-72) r=-0.23 Pearson’s  
correlation test 0.047

Clinical stage ANOVA 0.001

I          15 20.8 4.1 (2.1-14)

II            12 16.7 8.25 (2.9-19.6)

III 46 62.5 12 (3.2-23.3)

Grade ANOVA 0.034

I 6 8.2 5.7 (2.1-18.2)

II 35 47.9 9.5 (2.2-21.3)

III 26 35.6 11.6 (3.5-23)

Unknown 6 8.2

Molecular subtypes ANOVA 0.002

Luminal A 34 46.6 8.2 (2.1-18.2)

Luminal B 19 26 10.1 (3.5-19.69

No Luminal A and B,   HER 2 posi-
tive 9 12.3 14 (4.1-22.9)

Triple-negative 11 15.1 14,4 (6.6-23.3)

Ki-67 median (range) 40 (1-85) r=0.43 Pearson’s  
correlation test 0.016
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lecular subtypes of locally advanced breast can-
cer, and also a relationship between FDG PET-CT 

SUVmax value and aggressive clinical disease 
course.
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