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uptake in patients with breast cancer: Association
between brown adipose tissue and breast cancer
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Abstract. It has been reported that F18-fluorodeoxyglucose
(FDG) uptake in the neck and supraclavicular lesions repre-
sents activated brown adipose tissue (BAT). In the present
study, the association between BAT activity, detected by
FDG-positron emission tomography (PET), and the clini-
copathological features of patients with breast cancer was
investigated. The cases of 156 consecutive patients with
breast cancer who underwent FDG-PET preoperatively were
analyzed. The distribution and intensity of atypical FDG
uptake in the neck and/or supraclavicular region was reviewed.
The intensity was graded as follows: 1, weak; 2, moderate;
and 3, intense. Among the 156 patients, 70 (44.9%) exhibited
grade 1 intensity, 65 (41.7%) exhibited grade 2 intensity and
21 (13.5%) exhibited grade 3 intensity. The intensity of FDG
was significantly associated with human epidermal growth
factor receptor 2 (HER?2) expression and progesterone expres-
sion. Among the 156 patients, 6 (3.8%) had recurrent disease.
Multivariate analysis revealed that showing a low grade of
atypical FDG uptake was the only independent risk factor of
short-term recurrence, and none of the patients with recurrent
disease had atypical FDG uptake that may reflect the activa-
tion of BAT. These results indicated that the presence of BAT
is associated with HER?2 expression and the absence of BAT
may be a prognostic factor for breast cancer.

Introduction
In recent years, the clinical applications of positron emission

tomography (PET) have undergone explosive growth (1-6).
PET using F18-fluorodeoxyglucose (FDG) is a noninvasive
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whole-body imaging technique used to evaluate various
types of malignancies, including breast cancer, and for
tumor staging, tumor restaging, the detection of recurrence
and monitoring treatment responses (1-6). However, FDG
uptake is not tumor-specific, and PET imaging also provides
quantitative information about numerous diseases, including
inflammation and infection (7). Several studies have reported
cases of neck and supraclavicular FDG uptake that were not
associated with any radiologically or clinically detectable
pathology (8-10). Atypical neck and supraclavicular FDG
uptake is not an uncommon finding and may be demonstrated
to partly represent brown adipose tissue (BAT) (10-12).
BAT activation helps maintain normal body temperatures
in newborns (13-15). Although the amount of BAT declines
with age, islets of brown adipocytes remain in the white
adipose tissue of adult humans (13-15). BAT has recently
attracted attention, since it consumes stored energy and may
thereby be involved in obesity and age-associated meta-
bolic disease (15-17). Due to the similarity of its biological
property of hypermetabolism to cancer cells, BAT may also
show intense FDG uptake on FDG-PET imaging (15-17). It
has been reported that a high level of BAT in adult humans
is associated with cancer-induced cachexia and may reflect
an abnormality in a mechanism responsible for substantial
energy expenditure (15,18). BAT has recently emerged as a
topic of focus in the context of cancer and tumor develop-
ment (19-21). However, data on the association of BAT and
cancer are limited. In the present study, the association
between BAT activity detected by FDG-PET and clinico-
pathological features in cases with primary breast cancer
was examined.

Patients and methods

Patient information and data analysis. The present study
retrospectively investigated 156 female patients with primary
breast cancer who underwent FDG-PET preoperatively at the
Department of General Surgical Science, Gunma University
(Gunma, Japan) between January 2010 and September 2014.
All the patients had undergone radical breast surgery. Patients
with previously diagnosed breast cancer or incomplete clinical
information were excluded. Additionally, male patients were
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Figure 1. In patients with atypical F18-fluorodeoxyglucose uptake in the neck and/or supraclavicular region, the intensity was graded as follows: (A) 1, weak;

(B) 2, moderate; and (C) 3, intense.

excluded. The mean age of the patients was 58.6+12.3 years,
with an age distribution between 32 and 86 years. Patients
underwent their FDG-PET/CT as part of the routine standard
of care (5,6), and no changes to the standard of care were
made. The maximum standardized uptake value (SUV,,,) of
primary tumors was calculated in a routine clinical fashion.
Written informed consent was obtained from all patients for
the use of their records and imaging in future studies, and this
was approved by the Clinical Ethics Committee of Gumma
University (Gumma, Japan).

The distribution and intensity of BAT was reviewed in
all patients in the present study. Images were first assessed
visually for any atypical, non-pathological increased uptake
in the neck and/or supraclavicular region. Atypical uptake was
defined as lesions that exhibited an increased focal or linear
FDG uptake bilaterally in the neck and/or supraclavicular

region. In patients with atypical FDG uptake in the neck
and/or supraclavicular region, the intensity scores were graded
as follows: 1, weak; 2, moderate; and 3, intense (Fig. 1).

The details extracted from the database were age, histo-
logical type, primary tumor size, nuclear grade, lymph node
metastasis, lymphatic or vascular invasion, estrogen (ER) or
progesterone (PgR) status, human epidermal growth factor
receptor 2 (HER2) expression and SUV, . of the primary
tumor, serum tumor markers [carcinoembryonic antigen,
(CEA)] and body mass index (BMI). The ER and PgR statuses
were assessed by ALLRED scores (22,23). ALLRED scores
are calculated by adding two numbers, one reflecting the
proportion of positive tumor cells (0, none; 1, <1%; 2, 1-10%;
3, 11-33%; 4, 34-66%; and 5, 67-100%) and the other reflecting
the intensity of immunoreactivity (1, weak; 2, moderate;
3, strong). The maximum score is 8 and an ALLRED score of
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Table I. Patient characteristics and clinicopathological features associated with atypical supraclavicular FDG-uptake.
FDG-uptake in neck/supraclavicular region, n

Characteristic Grade 1 (n=70) Grade 2 (n=65) Grade 3 (n=21) P-value
Age, years® 58.2+£13.0 58.8+11.4 59.1£11.0 0.940
Postmenopausal 49 19 15 0.519
Tumor size, mm* 22.5+18.7 20.3x15.8 18.0+£12.3 0.572
Histological type 0428

Invasive ductal carcinoma 55 54 19

Ductal carcinoma in situ 3 5 1

Others 12 6 1
SUV,,., of primary tumor® 4.0+54 3.5+34 2.3+1.7 0.219
Lymph node metastasis 18 16 4 0.821
ER-positive 62 54 14 0.061
PgR-positive 60 50 11 0.006
HER2-positive 1 12 12 <0.001
Nuclear grade 3 22 23 7 0.888
Lymphatic invasion 26 22 9 0.750
Vascular invasion 11 12 1 0314
CEA, <30 15 11 5 0.717
BMI, kg/m?* 22.5+4.6 23.1£3.0 244+3.6 0.146

“Values are expressed as the mean =+ standard deviation. Others in histological type include ductal carcinoma in situ, invasive lobular carci-

noma, mucinous carcinoma and medullary carcinoma. SUV

max» Maximum standardized uptake value; ER, estrogen receptor; PgR, progesterone

receptor; CEA, carcinoembryonic antigen; BMI, body mass index; HER2, human epidermal growth factor receptor 2.

>3 was defined as ER- and PgR-positive (22,23). The overall
median follow-up period was 21.8 months, and none of the
patients died of surgical complications.

Statistical analysis. The breast cancer cases were divided into
3 groups on the basis of the intensity grade of the atypical
FDG uptake in the neck and/or supraclavicular region. All data
were analyzed by one-way analysis of variance with Fisher's
adjustment. The breast cancer cases were then divided into two
groups on the basis of the presence or absence of recurrence.
A univariate statistical analysis was conducted using Fisher's
exact test or the * test with or without Yates' correction. To
compare the two groups, Student's t-test was performed. To test
the independence of the risk factors, the variables were entered
into a multivariate logistic regression model with a likelihood
of P<0.05. The relapse-free survival (RFS) was calculated
using the Kaplan-Meier method. The log-rank test was used to
evaluate the differences between the recurrence-free intervals.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Atypical neck and supraclavicular FDG uptake is associated
with HER2 and PgR expression in patients with breast
cancer. The 156 consecutive patients with breast cancer who
underwent FDG-PET preoperatively were analyzed. The
patients with breast cancer were divided into 3 groups based
on the intensity of atypical neck and/or supraclavicular FDG

uptake. Among the 156 patients, 70 (44.9%) patients were
grade 1, 65 (41.7%) were grade 2 and 21 (13.5%) were grade 3.
Table I summarizes not only the patient characteristics but
also the results of the analysis conducted to determine the
association between the atypical FDG uptake and clinico-
pathological variables. The analysis revealed that HER2
expression (P<0.001) and PgR expression (P=0.006) were
statistically significant factors. The tumor size and SUV,,,
of the primary tumor were relatively increased in patients
with high intense atypical FDG uptake, compared with that
in patients with weak or moderate atypical FDG uptake;
although, no statistically significant difference was identified.
Average age and BMI were not statistically significant factors
in the current study.

Atypical FDG uptake is associated with short-term disease
recurrence in breast cancer. The patients with breast cancer
were divided into 2 groups based on the presence of recur-
rence. Among the 156 patients, 6 (3.8%) exhibited recurrent
disease. Table IT summarizes not only the patient characteri-
stics but also the results of the univariate analysis conducted
to determine the association between the clinicopathological
variables and recurrent disease. The univariate analysis
revealed that vascular invasion (P=0.047) and a low grade of
atypical FDG uptake (P=0.022) were statistically significant
factors. The multivariate analysis revealed that only a low
grade of atypical FDG uptake (P=0.038) was an indepen-
dent risk factor of short-term recurrence. Vascular invasion
(P=0.079) lost its significance in the multivariate analysis.
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Table II. Patient characteristics and clinicopathological features associated with recurrent disease.

Recurrence, n

Characteristic Negative (n=150) Positive (n=6) P-value

Atypical FDG-uptake

Grade 1 64

Grade 2 65

Grade 3 21
Age, years 58.6+12.5
Postmenopausal 110
Tumor size, mm* 20.7+16.9
Histological type

Invasive ductal carcinoma 124

Ductal carcinoma in situ 9

Others 17
SUV,,., of primary tumor® 3.5+4 4
Lymph node metastasis 36
ER-positive 125
PgR-positive 116
HER2-positive 25
Nuclear grade 3 49
lymphatic invasion 53
vascular invasion 21
CEA (3.0<) 29
Adjuvant hormone therapy 116
Adjuvant chemotherapy 46
Adjuvant HER2-targeted therapy 21
BMI (kg/m?) 24.4+3.6

6 0.022

0

0
59.3+47.5 0.902
5 0.501
274+£12.8 0.164
4 0.428

0

2
43423 0.331
2 0.845
5 0.738
5 0.505
0 0.344
3 0.371
4 0.130
3 0.047
2 0.907
5 0.595
3 0.321
0 0414
25.1+£5.2 0.188

“Values are expressed as the mean + standard deviation. Others in histological type include ductal carcinoma in situ, invasive lobular carci-
noma, mucinous carcinoma and medullary carcinoma. SUV ., maximum standardized uptake value; ER, estrogen receptor; PgR, progesterone
receptor; CEA, carcinoembryonic antigen; BMI, body mass index; HER2, human epidermal growth factor receptor 2.
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Figure 2. The recurrence-free survival shown by Kaplan-Meier curves was
relatively shorter for the patients with grade 1 atypical FDG uptake, compared
with those with grade 2 and 3, but no statistically significant differences were
observed.

The RFS shown by the Kaplan-Meier curves was relatively
shorter for the patients with grade 1 atypical FDG uptake,
compared with those with grade 2 and 3, but no statistically
significant differences were observed (Fig. 2).

Discussion

FDG-PET has been widely used for staging and identi-
fying recurrence in various types of cancer (1-6). Neck and
supraclavicular FDG uptake is not a frequent phenomenon
in the general PET population (8-12). Previous studies
have reported that FDG uptake in neck and supraclavicular
lesions represents activated BAT (10-12). Other studies
reported such increased FDG uptake in BAT at a frequency
of 2.3-4% of patients (8-10,24,25). However, a high preva-
lence of activated BAT has been reported in patients with
lymphoma (17%) or breast cancer (16.7-80%) among limited
numbers of patients (9,15,21,26). In the present study, atypical
FDG uptake, which may represent active BAT, was detected
in 86 of 156 patients (55.1%), and intense FDG uptake was
identified in 21 cases (13.5%). In patients with cancer-induced
cachexia, the prevalence of BAT was increased compared with
in age-matched controls (15,18). These results indicated an
evident association between BAT and cancer status.

In the present study, the presence of atypical FDG uptake
in neck and/or supraclavicular lesions was an independent risk
factor for short-term disease recurrence, and all the patients
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with recurrent disease had atypical FDG uptake, which may
reflect activated BAT. These results indicated that the presence
of BAT may be considered an indicator of a lower level of
biological aggressiveness and may be a prognostic factor in
breast cancer. The mechanisms of the potential association
between BAT and breast cancer have not been fully evaluated.
There are two alternate hypotheses: BAT may be actively
involved in the progression of breast cancer; and BAT may
be passively involved in the progression of breast cancer,
and the activation of BAT may be secondary to the breast
cancer (21,27,28). Notably, despite the presence of HER2
expression and a lower level of PgR expression, which are nega-
tive prognostic factors, the patient group in the present study
with BAT included no patients with recurrent disease. It may
appear that a paradoxical phenomenon was observed in the
present study. However, breast cancer progression is a complex
process, and it is regulated by multiple factors in addition to
HER?2 or PgR expression (29). These results indicated that
disease recurrence may also occur via other mechanisms asso-
ciated with BAT. Furthermore, HER2-positive breast cancer in
the setting of HER2-targeted therapy is no longer associated
with poor prognosis (30). In the current study, HER2-targeted
therapy was performed in 82.2% patients with HER?2 positive
breast cancer with grade 3 atypical FDG uptake. Additional
study is necessary to substantiate the effect of BAT on breast
cancer progression.

In the past several years, interest in subsets of obesity-asso-
ciated tumors, including breast cancer, has increased in the
field of cancer research (31-33). Increased fatty acid synthesis,
which contributes to energy homeostasis and tumor growth, is
a common feature of human tumors (32). The nuclear receptor
peroxisome proliferation activated receptor y (PPARY), a tran-
scriptional master regulator of lipid metabolism, inhibits the
growth of several common cancers (33). An acetylation-defec-
tive PPARy mutant induces a brown phenotype in white
adipocytes (33). The survival of breast cancer cells, particu-
larly those with HER2 overexpression, is highly dependent
on the lipid metabolism induced by PPARy (34,35). Another
study reported that cancer cell proliferation was inhibited
by PPARy mediated by lipid metabolism (31). Furthermore,
in patients with cancer-induced cachexia, PPARYy serves
important roles in the inflammation and inhibition of adipo-
cyte differentiation (36). These findings, in combination with
the present results, indicate the possibility that PPARy may
perform important roles in breast cancer progression and
HER2 expression. Additional study is required to explore
the mechanisms of breast cancer progression associated with
PPARy and BAT.

In the current study, PgR expression was associated with
the presence of BAT. Previous studies have proposed that
BAT metabolism is sex-dependent (9,37,38). Testosterone was
shown to inhibit the thermogenic response of BAT, and FDG
uptake in BAT was revealed to be high in non-menopausal
female patients (9,37,38), which indicated that female sex
hormones promote FDG uptake in BAT.

The present study had certain limitations, the primary
one being that it was a retrospective analysis and the number
of cases was relatively small. Furthermore, there are other
known predictors or plausible factors associated with BAT
activation (18,19) that were not evaluated in the present study,
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including environmental temperature, psychological factors
and catecholamine levels. FDG uptake in BAT has recently
been reported to occur more commonly in weight-loss
patients (18,19). However, other studies also reported no
significant difference between the BMI of patients with
BAT (18,19), which is consistent with our results. Additional
investigation with a large number of patients is required
to evaluate the clinical significance of BAT activation as
detected by FDG-PET. However, the clinical implications of
the data obtained in the present study are important, and to
the best of our knowledge, this is the first study describing
the clinical features and risk of recurrence of breast cancer
associated with BAT.

In conclusion, the presence of atypical FDG uptake in
neck and/or supraclavicular lesion, which may represent
active BAT, was associated with HER2 and PgR expressions,
and was an independent prognostic factor. These results may
represent an evident association between BAT and cancer
status. Additional study is required to explore the mechanisms
of breast cancer progression, particularly the possibility of an
association between PPARy and BAT.
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