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Introduction

Breast cancer is divided into several intrinsic subtypes: 
luminal type, human epidermal growth factor receptor 2 

(HER2)-enriched type, and triple negative type based on 

gene expression profiling (1). Luminal-type breast cancer 

is hormone receptor-positive and HER2-negative. The 
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curve. The area under the ROC curve was 0.753; at a cutoff SUVmax of 3.51, the sensitivity was 66.0%, 
and specificity was 73.1%.
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indication for chemotherapy of luminal breast cancer is 
more complicated than that for HER2-enriched and triple 
negative breast cancers.

18F-f luorodeoxyglucose (FDG) positron emission 
tomography/computed tomography (PET/CT) is as an 
oncological imaging tool for diagnosing, staging, and 
determining treatment response (2). The maximum 
standardized uptake value (SUVmax) measures glucose 
metabolism, which reflects metabolic activity of tumor; it is 
also useful for predicting malignant behavior and prognosis 
of breast cancer (3). Moreover, the Ki-67 labeling index (LI) 
is another method for determining cancer aggressiveness; 
Ki-67 is a proliferation-related antigen, and a high Ki-67 
LI is associated with more aggressive cancers.

This study aimed to determine whether SUVmax of PET/
CT could replace pathological diagnosis in luminal breast 
cancer. Accordingly, we investigated (I) the relationship 
of SUVmax with Ki-67 LI and other clinicopathological 
features in luminal-type breast cancer and (II) whether 
SUVmax can help indicate the appropriateness of adjuvant 
chemotherapy for luminal-type breast cancer.

Methods

Patients

This retrospective study enrolled 85 patients with estrogen 
receptor (ER)-positive, HER2-negative (luminal-type) 
breast cancer between August 2013 and January 2018 who 
underwent 18F-FDG PET/CT scans and had not received 
any treatment before surgery at Fujisawa City Hospital. 
Patients with stage IV cancer were excluded. Moreover, 
to avoid the potential influence of needle biopsy-induced 
inflammation, needle biopsy and PET/CT were performed 
with an interval of at least 2 weeks. This study was 
approved by the Fujisawa City Hospital Ethics Committee 
(F2017039).

18F-FDG PET/CT

18F-FDG PET/CT scans were performed at Fujisawa City 
Hospital. The patients ate at least 6 h before the PET/
CT examination. Each patient’s blood glucose level was 
measured to ensure that it did not exceed 150 mg/dL. 
Ninety minutes after intravenously administering 4 Bq/kg  
18F-FDG, a whole-body scan was performed. Images 
were obtained using a PET/CT scanner (GEMINI TF, 
Philips). A transmission scan using CT for attenuation 

correction and anatomical imaging was acquired for 30 s.  
An intravenous contrast agent was not administered to 
patients for the CT portion of the 18F-FDG PET/CT.

PET/CT images were analyzed by two experienced 
radiologists. They calculated SUVmax, which is the 
SUVmax, as determined by the pixel density within the 
region of interest. 

Histological analysis

Tumor histology and biology using tissue samples obtained 
by needle biopsy or during surgery were evaluated by two 
experienced pathologists. Immunohistochemical staining 
was performed using anti-ER antibodies (clone SP1: 
Roche Diagnostics, North America), anti-progesterone 
receptor (PgR) antibodies (clone 1E2: Roche Diagnostics, 
North America), anti-HER2 antibodies (clone 4B5: Roche 
Diagnostics, North America), and anti-Ki-67 antibodies 
(clone MIB-1: Dako Cytomation; Carpinteria, CA, 
USA). ER and PgR positivity were defined as positive 
immunohistochemical staining of at least 10% of the 
tumor cells for ER and PgR, respectively. HER2 positivity 
was defined as positive when more than 30% of the cells 
showed positive immunohistochemical staining. Ki-67 LI, 
which is the percentage of positive nuclear immunostaining 
cells, was calculated. Several sites were randomly selected, 
including the areas exhibit ing the highest level of 
immunostaining. Ki-67 LI of the most densely labelled 
areas was used for analysis.

Indication for adjuvant chemotherapy

At our hospital, the indication for adjuvant chemotherapy 
for luminal-type breast cancer during the study period was 
as follows: PgR negative, Ki-67 LI >14%, nuclear grade 3,  
or lymph node metastasis-positive. If any of these were 
satisfied, it was regarded as an indication for adjuvant 
chemotherapy in luminal breast cancer.

Statistical analysis

Statistical analyses were performed using the Statistical 
Program for Social Sciences software (version 20.0, SPSS 
Inc., Chicago, USA). All tests were two-sided, and P<0.05 
was considered significant. To investigate the correlation of 
SUVmax with tumor size and Ki-67 LI, Pearson’s product 
moment correlation coeff icient (r) was calculated. A 
receiver operating characteristic (ROC) curve was created 
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to investigate the SUVmax cutoff value that predicted an 
indication for adjuvant chemotherapy, and the area under 
the curve was calculated. 

Results

Patient and tumor characteristics

Patient and tumor characteristics are shown in Table 1. The 
median age was 59 years (range, 37–85 years). The median 
tumor size was 20 mm (range, 6–70 mm). Seventeen 
patients (20%) were positive for lymph node metastasis, 
but no patients exhibited distant metastasis. All patients 
were ER-positive and HER2-negative, and 71 patients 
(84%) were PgR-positive. The median SUVmax was 4.41 
(range, 1.00–14.00), and 18F-FDG uptake to the tumor was 
observed in all patients.

Correlation between SUVmax and tumor characteristics

Figure 1 shows the association between SUVmax and 
clinicopathological features. SUVmax significantly differed 
between the positive and negative groups that showed 
lymphatic invasion (P=0.018), nuclear grade (P=0.019), and 
lymph node metastasis (P=0.035). There was a tendency 
toward correlation between SUVmax and tumor size 
(r=0.365, P=0.001; Figure 2A). Moreover, a significant 
correlation was observed between SUVmax and Ki-67 LI  
(r=0.516, P<0.0001; Figure 2B). However, SUVmax was 
not signif icantly different between the posit ive and 
negative groups that showed vascular invasion (P=0.128), 
histological type (P=0.936), or PgR status (P=0.689).

Prediction of adjuvant chemotherapy indication

To investigate whether SUVmax can help indicate the 
appropriateness of adjuvant chemotherapy for luminal-type 
breast cancer in accordance with guidelines of our hospital, 
we used SUVmax values to construct a ROC curve. The 
area under the ROC curve was 0.753; at a cutoff SUVmax 
of 3.51 (Figure 3), the sensitivity was 66.0%, and specificity 
was 73.1%.

Discussion

We invest igated correlat ions between SUVmax and 
clinicopathological features in luminal-type breast cancer. 
SUVmax was correlated with lymphatic invasion, nuclear 
grade, lymph node metastasis, and Ki-67 LI.

Regarding the correlation with Ki-67 LI, a meta-
analysis suggested that SUVmax was correlated with Ki-67  
LI in various cancers (4), with a correlation coefficient 

Table 1 Patient age and tumor characteristics (n=85)

Characteristics Number

Age (years) [range] 59 [37–85]

Histological type

Invasive ductal carcinoma 72

Special types 13

Tumor size (mm) [range] 20 [6–70]

Lymph node status

Present 17

Absent 68

Distant metastasis 

Present 0

Absent 85

Nuclear grade

1 63

2 20

3 2

Lymphatic invasion

Present 12

Absent 73

Vascular invasion

Present 4

Absent 81

Estrogen receptor-positivity

Present 85

Absent 0

Progesterone receptor-positivity 

Present 71

Absent 14

Human epidermal growth factor receptor 
2-positivity

Present 0

Absent 85

Ki-67 labeling index [range] 16 [1–60]

Maximum standardized uptake [range] 4.41 [1.00–14.00]
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Figure 1 Association between the maximum standardized uptake value and clinicopathological features. The bar represents the maximum 
and minimum values. The box represents the lower to upper quartiles. The horizontal line in the box represents the median. (A) A significant 
difference in the maximum standardized uptake value (SUVmax) was observed between the positive and negative groups that showed 
lymphatic invasion (P=0.018). (B) No significant difference in SUVmax was observed between the positive and negative groups that showed 
vascular invasion (P=0.128). (C) No significant difference in SUVmax was observed between special-type and invasive ductal carcinoma 
(P=0.936). (D) No significant difference in SUVmax was observed between the positive and negative groups that showed progesterone 
receptor (PgR) status (P=0.689). (E) A significant difference in SUVmax was observed between the three groups based on nuclear grade 
(P=0.019). * indicates a significant difference between groups. (F) A significant difference in SUVmax was observed between the positive and 
negative groups that showed lymph node metastasis (P=0.035). 
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of 0.29–0.56 for breast cancer (5-7). However, in these 
prior studies, no distinction between ER-positive and 
ER-negative breast cancer was observed. Cheng et al. (7) 

reported a correlation coefficient of 0.23 between SUVmax 
and Ki-67 LI in ER-positive breast cancer compared 
with a value of 0.67 in the present study. The difference 
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between the correlation values in Cheng et al.’s report and 
the present study could be because of the difference in 
the number of patients enrolled in each study. Moreover, 
Cheng et al.’s study included patients with stage IV breast 
cancer, while our study did not. Therefore, if analyses were 
limited to luminal breast cancer while excluding stage IV 
breast cancer, Ki-67 LI could be correlated with SUVmax. 
In contrast, as we previously reported (8), Ki-67 LI values 
are slightly variable. Depending on the tissue used (either 
from needle biopsy or taken during surgery) and the site of 
tissue to be evaluated, Ki-67 LI varied; furthermore, Ki-67  
LI also differed among facilities. Therefore, analyzing 

the correlation between Ki-67 LI and SUVmax has some 
limitations. 

To provide individualized medical treatment for breast 
cancer, considerable efforts regarding immunostaining are 
required (9). Indications for adjuvant chemotherapy for 
luminal-type breast cancer are difficult to determine, with 
no defined consensus yet. The 12th St. Gallen Consensus 
Conference regarding early breast cancer announced 
that the status of PgR, Ki-67, lymph node metastasis, or 
nuclear grade should be used as indications for adjuvant 
chemotherapy. This can be a serious problem in countries, 
such as Japan, where there is an insufficient number of 
pathologists. Therefore, it can be beneficial to use imaging 
diagnostics in lieu of immunostaining. In Japan, there are 
only 1.0 pathological specialists per 100,000 population, 
or 0.5% of all doctors. This is only 20% of the relative 
number compared to that in the US. Because of this 
limitation, we examined whether imaging diagnosis could 
replace pathological diagnosis such as Ki-67 LI, PgR status, 
or nuclear grade. Therefore, we investigated whether 
SUVmax could be used to help classify patients with and 
without an indication for adjuvant chemotherapy. When 
we constructed a ROC curve depending on SUVmax, the 
area under the curve was 0.753, and at a cutoff SUVmax of 
3.51, the sensitivity and specificity were 66.0% and 73.1%, 
respectively. Therefore, imaging diagnosis was useful, but 
the sensitivity and specificity were not satisfactory; thus, 
further improvement is necessary. For example, Yamane  
et al. (10) reported that findings on 18F-fluorothymidine PET 
showed better correlation with the immunohistochemical 
index of cell proliferation in leiomyoma compared with 
those on 18F-FDG PET. In addition, because SUV is 
related to cell density, analyses should be performed based 
on histological type. However, this was not possible in the 

Figure 2 Correlation between the maximum standardized uptake value and the tumor size and the Ki-67 labeling index. (A) A tendency 
of a correlation was observed between SUVmax and the tumor size (r=0.365, P=0.001). (B) A significant correlation was observed between 
SUVmax and the Ki-67 labeling index (r=0.516, P<0.0001).
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Figure 3 Receiver operating characteristic curve for maximum 
standardized uptake value as an indication for adjuvant 
chemotherapy. The area under the receiver operating characteristic 
curve was 0.753, and the cutoff maximum standardized uptake 
value (SUVmax) was 3.51, with a sensitivity of 66.0% and 
specificity of 73.1%.
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present study owing to the small sample size. Moreover, 
SUV is affected by tumor size. Because of the partial 
volume effect, it is not possible to obtain an accurate 
count in a small lesion, and the SUV is underestimated. 
Calculating the recovery count in the phantom experiment 
makes it possible to correct the partial volume effect. 
However, we do not employ phantom experiments in our 
facility. Therefore, the use of phantom experiments to 
assist with obtaining more accurate SUV measurements 
remains to be explored.

In recent years, a method to determine the degree 
of malignancy in breast cancer based on genetic assays, 
such as the 21-gene recurrence score, has been developed; 
however, this is not yet available at our hospital, and 
thus, the indication for chemotherapy depends only on 
pathological information only. Therefore, for luminal-type 
breast cancer, the indication included PgR negativity, Ki-67  
LI >14%, nuclear grade of 3, or lymph node metastasis-
positive.

In our study, the SUVmax cutoff value of indication 
for chemotherapy was set to 3.5. On the other hand, Ahn 
et al. (11) previously reported that in ER-positive, HER2-
negative breast cancer, SUVmax ≥4 was independently 
associated with a 21-gene recurrence score ≥26, which 
was considered as a recommendation to undergo adjuvant 
chemotherapy. In addition, a study by Kitajima et al. (12) 
reported the prognostic value of SUVmax in breast cancer 
using a cutoff SUVmax of 3.6; an SUVmax of 3.5–4 was 
considered to indicate highly malignant breast cancer. 

Th is  s t udy had severa l  l im it at ions .  Fi r s t ,  t he 
study population was small, and the study design was 
retrospective. A larger study population and additional 
outcome data are needed to confirm our results. Second, 
the usefulness of metabolic tumor volume and total lesion 
glycolysis have been reported (13); however, these are not 
calculated at our hospital. Third, the relationship between 
SUVmax and prognosis is not clear, because no patient 
showed relapse due to the short duration of follow-up.

In conclusion, SUVmax of 18F-FDG PET could replace 
pathological diagnosis in luminal breast cancer.
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