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Relationship Between SUVmax and Ki-67 Expression in 
Breast Cancer
Meme Kanserinde PET SUVmax Değeri ve Ki-67 Ekspresyonu Arasındaki İlişki

Aim: Breast cancer is the most common type of cancer in women. 
The Ki-67 antigen is a factor used for subgrouping of luminal 
breast cancer into A and B subtypes. 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography (18F-FDG 
PET/CT) is an effective imaging method in the evaluation of 
patients with locally advanced breast cancer. The aim of this 
study was to evaluate the relationship between maximum 
standardized uptake value (SUVmax) and Ki-67 expression levels 
in primary breast cancer.

Methods: Fifty-one female patients (43-83 years, mean: 64.7±9.7 
years) diagnosed and operated for breast cancer were included 
in this retrospective study. 18F-FDG PET/CT was performed for 
each patient with the purpose of staging. Ki-67 expression levels 
obtained from pathology data were divided into three groups 
as <15%, 15-29%, and >30%, and SUVmax values obtained from 
18F-FDG PET/CT were compared between the groups. 

Results: A analysis of Ki-67 expression levels and SUVmax of the 
primary tumor revealed a moderate and significant correlation 
between SUVmax and Ki-67 expression levels. Also, a statistically 
significant relationship was found between SUVmax of the 
primary tumor in the breast and estrogen receptor positivity 
and progesterone receptor positivity. Although not statistically 
significant, the mean SUVmax in triple-positive patients was high.

Conclusion: The correlation between SUVmax and Ki-67 
expression levels was found to be moderate and statistically 
significant. However, further studies with more homogeneous 
groups and larger sample size are needed.
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Amaç: Meme kanseri kadınlarda en sık görülen kanser türüdür. Ki-
67 meme kanserinin Luminal A ve Luminal B alt gruplandırılması 
için kullanılan bir faktördür. 18F-florodeoksiglukoz, Pozitron 
Emisyon Tomografi/Bilgisayarlı Tomografi (18F-FDG PET/CT) 
ise hastalığın evreleme, yeniden evreleme ve tedavi cevabının 
değerlendirilmesinde rutinde sıklıkla kullanılan önemli bir 
görüntüleme yöntemidir. Bizim çalışmamızın amacı, primer meme 
kanserindeki standardize edilmiş maksimum tutulum değeri 
(SUVmax) değerleri ile Ki-67 ekspresyon düzeyleri arasındaki ilişkiyi 
değerlendirmektir.

Yöntemler: Retrospektif olarak gerçekleştirilen bu çalışmada 
primer meme kanseri tanısı konan ve opere edilen hastalardan 
evreleme amaçlı 18F-FDG PET/CT yapılan 51 kadın hasta (43-
83 yaş, ortalama: 64,7±9,7 yaş) çalışmaya dahil edildi. Patoloji 
verilerinden elde edilen Ki-67 ekspresyon düzeyleri <%15; %15-
29 ve >%30 olmak üzere üç gruba ayrıldı ve grupların 18F-FDG 
PET/CT’den elde edilen SUVmax değerleri karşılaştırıldı.

Bulgular: Ki-67 ekspresyon düzeyleri ile primer meme 
malignitelerine ait SUVmax değeri karşılaştırıldığında, SUVmax ve 
Ki-67 ekspresyon düzeyleri arasında istatistiksel olarak anlamlı, 
orta kuvvette bir korelasyon saptandı. Ek olarak memedeki 
primer tümöre ait SUVmax değeri ile östrojen reseptör pozitifliği 
ve progesteron reseptör pozitifliği arasında istatistiksel olarak 
anlamlı bir ilişki vardı. Triple-pozitif olanlarda SUVmax değerleri 
ortalaması da yüksek olmakla birlikte istatistiksel olarak anlamlı 
bulunmadı.

Sonuç: Mevcut çalışmamıza göre, SUVmax ile, Ki-67 ekspresyon 
düzeyi arasındaki korelasyon orta düzeyde ve istatistiksel olarak 
anlamlıdır. Ancak daha homojen gruplar ve daha çok hasta sayısı 
ile yapılacak ileri çalışmalara ihtiyaç vardır.
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Introduction
Breast cancer, which is the most common type of cancer 

in women, is seen at a rate of 11.6% when all cancers are 
considered (1). The Ki-67 antigen, a protein encoded by 
the MKI67 gene, is a factor used for the subgrouping of 
breast cancer as luminal A and luminal B (2). As in many 
cancers, it has prognostic significance in breast cancer, 
and high Ki-67 expression levels are associated with poor 
prognosis (3). Keam et al. (4) reported that triple-negative 
breast cancer patients with high Ki-67 expression levels 
had pathological complete response to neo-adjuvant 
therapy. However, these patients have earlier recurrence 
potential, and overall survival is shorter than in patients 
with low Ki-67 expression levels.

Using state-of-the-art imaging methods in breast 
cancer for early detection and appropriate treatment 
strategies play a key role in improving survival rates. 
Magnetic resonance imaging of the breast has an 
important role in the detection of breast cancer, 
whereas 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT) 
is a valuable imaging method that is frequently used 
in routine assessment of disease, treatment response, 
staging, and restaging. Maximum standardized uptake 
value (SUV

max
), which is a numerical value indicating the 

uptake of FDG by the malignant tissue during  PET/
CT imaging, has a prognostic, predictive value in breast 
cancers as in many tumors (5).

The purpose of our study was to evaluate the 
relationship between SUV

max
 and Ki-67 expression levels in 

primary breast cancer. 

Methods
In this retrospective study, we included 51 female 

patients with the mean age of 64.7±9.7 years (range: 
43-83 years) diagnosed with breast cancer and operated 
between January 6, 2017 and July 1, 2019 in Cumhuriyet 
University Training and Research Hospital Surgical 
Oncology Clinic. 18F-FDG PET/CT was performed in all 
patients. The data of the patients were obtained from 
patient files, electronic file systems, data archive system 
of the pathology department, and data archive system 
of the nuclear medicine department. SUV

max
 value in the 

primary breast tumor and metastatic axillary lymph nodes, 
if any, were noted from the original PET/CT reports. The 
histologic type of breast cancer, percentages of Ki-67-
positive cells (Ki-67 index), and estrogen receptor (ER), 
and progesterone receptor (PR) status were noted from 
pathology reports of biopsies taken from the patients 
individually. The patients were divided into three groups 
according to their Ki-67 expression levels; <15%; 15-29% 
and >30%.

PET/CTImagingAcquisitionAnalysis

Positron emission tomography was performed using 
a combined PET/CT scanner (Discovery600 PET/CT GE 
Medical Systems, USA). Each patient fasted for at least 6 
h before imaging. After ensuring that blood glucose was 
<180 mg/dL, approximately 0.14 mCi/kg 18F-FDG were 
administered i.v. 1 h before image acquisition. Attenuation 
correction of PET images with the CT data was performed. 
CT scan was performed firstly. Right after CT acquisition, a 
standard PET imaging protocol was taken from the cranium 
to the mid-thigh with an acquisition time of 3 min/bed 
in 3-dimensional mode. All PET studies were acquired in 
3-D mode. CT images were acquired with 70 mA, 120 kV, 
axial slice thickness of 2.5 mm. CT and PET images were 
matched and fused into transaxial, coronal, and sagittal 
images. The data were transferred via the Digital Imaging 
and Communications in Medicine protocol to a processing 
Workstation (AW Volume Share5 GE Medical Systems 
S.C.S, France). Later, visual and semi-quantitative analyses 
were performed, respectively.

StatisticalAnalysis

Statistical analysis was performed using the SPSS 
software, version 24.0. A p value less than 0.05 was 
considered statistically significant. Correlation analysis 
was performed to determine the relationship between Ki-
67 expression levels and SUV

max
. Following the grouping 

according to Ki-67 expression levels, the chi-square test 
was used to analyze estrogen and PRs and triple-negative/
positive patients.

Results
Of the 51 patients included in the study, 42 (82.4%) 

had invasive ductal carcinoma, two (3.9%) micropapillary 
carcinoma, two (3.9%) apocrine carcinoma, two (3.9%) 
mucinous carcinoma, one (2%) cribriform, one (2%) 
invasive papillary carcinoma and one (2%) ductal carcinoma 
in situ. Median SUV

max
 in primary breast malignancies was 

4 (range: 1-23). The analysis of Ki-67 expression levels 
and SUV

max
 of the primary tumor revealed a moderate 

and significant correlation between SUV
max

 and Ki-67 
expression levels (correlation coefficient: 0.68; p<0.05). 
It was found that in patients with axillary involvement 
detected by PET, axillary SUV

max
 levels increased with the 

increase of Ki-67 expression levels (Table 1; Figure 1), but 
it was not statistically significant. ER and PR positivity/
negativity was tested in 49 patients. A statistically 
significant relationship was found between SUV

max
 of 

the primary tumor in the breast and ER and PR positivity 
(p=0.007 and p=0.005, respectively) (Table 2). Besides, 
there was a statistically significant relationship between 
Ki-67 expression levels and ER and PR positivity (p=0.002 
and p=0.015, respectively). Ki-67 expression levels were 
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<15% in triple-negative patients, whereas Ki-67 expression 
levels were higher in triple-positive patients (p=0.086) 
(Table 3). The mean SUV

max
 in triple-positive patients was 

also high, but it was not statistically significant (p=0.072).

Discussion
Breast cancer is the most common cancer in women in 

Turkey (6). Disease-free survival rates are high in patients 
diagnosed at an early stage (7). 18F-FDG PET/CT is a common 
imaging modality used in the evaluation of many types 
of cancer, including breast cancer. In their study, Kitajima 
et al. (8) reported that high SUV

max
 (≥6.20) and high Ki-

67 expression levels were associated with recurrence, 
and high SUV

max
 values were associated with death. In 

their meta-analysis, Surov et al. (9) found a moderate 
correlation between SUV

max
 and Ki-67 expression in breast 

cancer and suggested that SUV
max

 cannot be used as a 
surrogate marker for tumor proliferation. On the other 
hand, in their study including 140 breast cancer cases, of 
which 136 were women, Ekmekcioglu et al. (10) reported 

Table 1. The relationship between Ki-67 expression levels and SUVmax of primary breast tumor and metastatic axillary lymph node

  Minimum Maximum Mean SD p

PrimarybreasttumorSUVmax

Ki-67
<15% 1.20 5.90 3.42 1.13

0.001
15-29% 1.30 13.70 5.12 3.88

>30% 1.70 23.40 9.44 6.12

AxillarylymphnodeSUVmax

Ki-67
<15% 1.40 4.40 2.94 1.04

0.136
15-29% 1.20 9.60 4.49 3.94

>30% 1.30 16.80 6.52 4.62

SD: Standard deviation, SUVmax: Maximum standardized uptake value

Table 2. The relationship of SUVmax of primary breast tumor with ER, PR and c-erbB-2 expression status

  Minimum Maximum Mean SD p

Primarybreasttumor
SUVmax

ER
Positive 1.20 15.9 4.88 3.53

0.007
Negative 2.30 23.4 10.22 6.82

PR
Positive 1.20 15.9 4.75 3.77

0.005Negative 2.30 23.40 8.65 6.12

c-erbB-2
Positive 1.30 18.30 5.65 4.09

0.974Negative 1.20 23.4 7.34 6.77

ER: Estrogen Receptor, PR: Progesterone Receptor, SUVmax: Maximum standardized uptake value, SD: Standard deviation, c-erbB-2: Receptor tyrosine-protein kinase erbB-2

Table 3. The relationship between Ki-67 expression and triple-negative/positive breast tumor (p=0.086)

Ki-67 expression levels p

<15% 15-29% >30%
 
0.086

n (%) n (%) n (%)

Triple-negative 17 (40.5) 17 (40.5) 8 (19)

Triple-positive  2 (28.6)  1 (14.3) 4 (57.1)

Total 19 (38.8) 18 (36.7) 12 (24.5) 

n: Number

Figure1. The relationship between Ki-67 expression levels and 
SUVmax of primary breast tumor

SUVmax: Maximum standardized uptake value
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a high degree of correlation between SUV
max

 of the 
primary tumor and tumor/background SUV

max
 rates and 

high Ki-67 expression levels. In the same study, SUV
max

 was 
found to be significantly associated with histological type 
and grade, pleomorphism, number of mitoses, lymphatic 
invasion, necrosis, oestrogen negativity, high Ki-67 level, 
axillary lymph node involvement and triple negativity, and 
it was reported that 18F-FDG uptake might be a prognostic 
indicator of tumor’s biological behavior. Similarly, Abubakar 
et al. (11) found that high SUV

max
 values were associated 

with high Ki-67 as well as high grade, triple-negative status, 
and axillary lymph node involvement. In our study, we 
showed that high Ki-67 expression levels were associated 
with high SUV

max
 values in the primary tumor (p=0.001). 

The mean SUV
max

 was 9.46 in patients with a Ki-67 index 
of >30%. These results were in accordance with studies 
by Ekmekcioglu et al. (10) and Abubakar et al. (11). It 
is known that Ki-67 levels are higher in triple-negative 
tumors and associated with more invasive and poorer 
prognosis (12). According to the data of our study, unlike 
the literature, patients with triple-positive tumors were 
found to have higher Ki-67 levels, but these data were 
not statistically significant. However, SUV

max
 levels were 

significantly higher in ER and PR negative patients than in 
positive ones (Table 2). Recent publications indicated that 
PET/CT was vital in axillary lymph node staging. According 
to some studies, although the sensitivity of PET/CT for the 
detection of axillary lymph nodes in patients with breast 
cancer is quite high, its sensitivity is low (13,14). Orsaria 
et al. (15) found that sensitivity, specificity, positive, and 
negative predictive values of 18F-FDG PET/CT were high for 
axillary lymph node staging. In the same study, it was found 
that high SUV in both lymph nodes and primary tumor was 
significantly correlated with high Ki-67 expression levels. 
Although Chung et al. (16) found no correlation between 
SUV

max 
of axillary lymph node and Ki-67 expression levels, 

they reported that axillary lymph node examination should 
be performed in patients with a SUV greater than 2.3; by 
adopting a SUV threshold of 2.3, the sensitivity, specificity 
and positive predictive value of FDG-PET was 60%, 100% 
and 100%, respectively. In our study, we could not find a 
relationship between Ki-67 expression levels and SUV

max
 

levels in the axillary lymph nodes.

Conclusion
According to our study, the correlation between SUV

max
 

and Ki-67 expression levels was found to be moderate 
and significant. However, further studies with more 
homogeneous groups and larger sample size are needed.
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