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Objective: Brown fat can exhibit high uptake of fluorine-
18 fludeoxyglucose ("®F-FDG) on positron emission to-
mography (PET) and interferes with interpretation of the
scan. The goal of this study was to identify factors that
may influence brown adipose tissue (BAT) activation.
Methods: A retrospective study of '®F-FDG PET scans was
performed using a database of 15,109 PET/CT reports. BAT
activation reported by nuclear medicine physicians and
factors influencing BAT activation were gathered. The data
were analyzed using in-house software.

Results: The total reported BAT activation was 3.6%. BAT
activation was reported significantly more often in
patients who were female (p<0.0001), younger
(p <0.0001), with lower body mass index (o <0.0001),
with lower blood glucose levels (p = 0.01), indicated for
breast cancer (p = 0.004), not administered chemother-
apy recently before the scan (p <0.0001) and shown to

INTRODUCTION

Positron emission tomography (PET)/CT with fluorine-18
fludeoxyglucose (®*F-FDG) is currently a standard di-
agnostic tool for identifying tumours and their metastases
as well as infectious or inflammatory lesions.'™ However,
it is not tumour specific.*® High physiological uptake of
"E_FDG is found in organs with high glucose metabolism,
such as the brain and heart. One particular tissue with high
'"E-FDG uptake that can interfere with scan interpretation
is brown fat.”

Brown fat, or brown adipose tissue (BAT), is involved in
non-shivering thermogenesis and creates heat through
glucose metabolism. It is found mostly in the cervical,
supraclavicular and thoracic paravertebral regions,® and
some is also found in the axillae, mediastinum and abdo-
men.” Although it is usually simple for nuclear medicine
physicians to recognize BAT uptake through its typical
pattern and from the low attenuation in the CT scan
(Figure 1), high uptake in BAT can still be mistaken for

have BAT activation in a previous scan (p < 0.0001). BAT
activation was also reported significantly more for lower
outdoor temperatures (p < 0.0001) and for late morning
scans than for afternoon (p =0.005) and early morning
(p = 0.001) scans.

Conclusion: This retrospective study of 15,109 scans
highlights multiple factors contributing to BAT activation
on ®F-FDG PET. The identification of new factors
influencing BAT and confirmation of previously identified
factors with a larger data set can be used to more
accurately identify patients at risk for BAT activation so
that prevention strategies can be implemented.
Advances in knowledge: This study presents new factors
associated with higher incidence of BAT activation, such
as time of day, previous BAT activation and breast cancer.
Conversely, recent chemotherapy was associated with
reduced incidence of BAT activation.

a malignant lesion or cause false-negative results by ob-
scuring small metastases and decrease diagnostic confi-
dence of the professional reading the scan. BAT has
a preferential distribution over the body and a preferential
occurrence in female, younger and thinner patients. It
mainly interferes with scan interpretation in tumours that
occurs at younger age and is located in or metastasize to
the head, neck and periclavicular/axillar regions, such as
melanoma of the upper body, breast cancer, and head and
neck cancers, but it can also cause problems in lung cancer
and other cancers.'®"!

Currently, it is not known exactly why BAT activation only
occurs in some patients and not others, or why some
patients who exhibited BAT activation previously do not
show activation in subsequent PET/CT scans.'> However, it
is known that BAT activation is related to age, sex and
weight, therefore the people who are most likely to show
BAT activation are younger females with a low body mass
index (BMI)." It is also known that patients who feel cold



https://doi.org/10.1259/bjr.20170093
mailto:j.steinberg@nki.nl

Steinberg et a/

Figure 1. An example of a fluorine-18 fludeoxyglucose positron emission tomography/CT scan of a patient with high brown adipose
tissue (BAT) uptake in the neck, interscapular, paravertebral and perinephric regions is shown. BAT can usually be distinguished
from pathological uptake by its typical pattern and low attenuation in the CT scans.

are more likely to have BAT activation, and some researchers
have found significantly more patients with BAT activation when
outdoor temperatures were low.'>'*

A few protocols are used to prevent BAT activation in patients
receiving '*F-FDG PET/CT scans, such as preventing the pa-
tient from getting cold and/or the administration of beta-
blockers such as propranolol.'”™"7 Another drug given to
prevent BAT activation is diazepam, a benzodiazepine that is
used as treatment for several conditions such as anxiety, in-
somnia and muscle spasms. The use of diazepam to reduce
BAT activation was originally conceived by Barrington et al'®
when they discovered abnormally high uptake in the neck
during PET scans. The authors originally believed that this
pattern was due to skeletal muscle uptake resulting from
muscle tension and proposed the use of diazepam to reduce the
unwanted uptake. Subsequent studies have had mixed results
regarding the use of diazepam, with some authors claiming
that diazepam reduced BAT activation'**’ and some claiming
that it did not have a significant effect.”"** In our institute, we
generally give diazepam for the reduction of unwanted muscle
or BAT uptake to patients in whom cervical BAT or muscle
uptake would interfere with scan interpretation. This mainly
applies to patients with tumours in the head, neck and breast.
We also give diazepam to patients who are nervous for the scan
to help them relax.

In this study, we examined the effect of various factors on BAT
activation by retrospective examination of patient reports over
several years.

METHODS AND MATERIALS

A retrospective study of 15,109 '®F-FDG PET/CT scans of
10,432 patients (5035 males and 5397 females, BMI 25 =*
5kgm™ 2, age 61 = 13 years) was performed over a 7-year pe-
riod from January 2008 to October 2014. All 18 _FDG PET/CT
scans were performed on whole-body PET/CT scanners (Gemini

TF or Gemini TF Big Bore; Philips, Eindhoven, Netherlands)
60 = 10 min after the injection of 190 + 30 MBq of '®F-FDG.
The patients were instructed to fast for at least 6 h before ad-
ministration of "*F-FDG. Diazepam, if given, was administered
orally approximately 5-10 min before the administration of
18E_FDG. Patients under 60 years referred for breast cancer, head
and neck cancer or lymphoma were indicated for diazepam.
However, many patients who were indicated for diazepam did
not receive diazepam, and many patients not indicated for di-
azepam received it, such as nervous patients to help them relax.
Doses of 5 or 10 mg were given depending on the weight of the
patient. Overall, diazepam was given to the patients prior to
3599 of the 15,109 scans (23.8%). After injection of '*F-FDG,
patients were instructed to lie still on a bed under a blanket in
a warm room (23°C) in order to reduce BAT activation and
muscular activity. In our hospital, all PET/CT scans are read and
reported by experienced nuclear medicine physicians with sev-
eral years of experience in hybrid imaging, including correlation
of PET images with low-dose CT and diagnostic contrast-
enhanced CT.

Information regarding age, sex, injected dose, time and date
of injection, BMI and blood glucose levels prior to '*F-FDG
injection, the presence of diabetes mellitus, administration of
diazepam and clinical indication were retrieved from the
departmental prospectively maintained PET database. In-
formation regarding the presence of BAT and the recent ad-
ministration of chemotherapy was extracted from the PET
report. The hourly temperatures for the day of examination
were retrieved from the Royal Netherlands Meteorological
Institute (De Bilt, Netherlands). The temperature for each
examination was determined by using the temperature
reading 1h before injection.

Software for analyzing the electronic medical record database
was developed in house using the Python programming lan-
guage (Python Software Foundation).
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Statistical analysis

Statistical analysis was performed in the Python programming
language using the statsmodels package (http://statsmodels.
sourceforge.net/). In order to determine the variables that
contribute to BAT activation, univariate analysis of the influence
of each variable on BAT activation was performed by testing
significance with a z-test for proportions. Cut-offs for univariate
analysis were set to the median values of the distribution. The
variables included in the model were age, sex, time of injection,
outdoor temperature, BMI, blood glucose levels, diazepam us-
age, the presence of diabetes, indication for breast cancer, recent
chemotherapy and whether the patient had BAT activation in
a previous scan. Chemotherapy was considered recent if the
patient received the PET scan for a response assessment, in
which case patients had typically received chemotherapy treat-
ment less than 4 to a maximum of 6 weeks prior to the PET/CT
scan. Several variables were tested for significance in the uni-
variate analysis but not included in the final model due to the
lack of significant difference. These variables include recent ra-
diotherapy and most tumour types (colon, head and neck, lung,
lymphoma and melanoma); only breast cancer was included in
the multivariate analysis. Although chemotherapy was in-
significant overall in the univariate analysis, it was significant
among breast cancer patients, therefore it was included in the
multivariate analysis. Multivariate analysis was performed, and
a logistic regression with the Newton—Raphson method was

Figure 2. Percentage of fluorine-18 fludeoxyglucose positron

BJR

performed. For both the univariate and multivariate analysis, the
variables were considered significant with a p-value <0.05.

RESULTS

Overall, of the 15,109 *F-FDG PET/CT scans analyzed, 540
reports (3.6%) mentioned the presence of BAT activation. Of the
540 scans with BAT activation, there were 76 cases (14.1%)
where the nuclear medicine physician specifically stated un-
certainty in the assessment due to BAT activation. The univariate
analysis identified several factors that were associated with
higher BAT activation (Table 1, Figures 2-5). As is shown in
Figure 2, BAT activation was the highest when outdoor tem-
peratures were low and patients were young. BAT activation was
less frequent in the early morning (7:00-9:00) than in the late
morning (9:00-12:00) (2.9% vs 4.3%, p =0.001), and BAT ac-
tivation was less frequent in the afternoon than the late morning
(3.4% vs 4.3%, p =0.005). As is shown in Figure 3, BAT acti-
vation was significantly more frequent at BMI <25 than
>25kgm ™ (4.6% vs 2.4%, p<0.0001). BAT activation in the
95 patients with a very low BMI <16kgm * was much less
frequent, but the difference between patients with BMI
<16kgm > compared with those between 18 and 21kgm >
did not reach significance (p = 0.07). As can be expected given
outside temperatures, BAT activation most frequently occurred
during the winter and least frequently during the summer
(Figure 4). However, the late summer experienced more

emission tomography/CT scans with brown adipose tissue (BAT)

activation vs outdoor temperatures, time of injection and age is shown.
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frequent BAT activation than what would be expected by tem-
perature alone.

Some other factors that had an effect on BAT activation are
shown in Figure 5. Patients who had received diazepam prior
to the scan showed BAT activation significantly more fre-
quently than patients who had not received diazepam (6.2% vs
2.8%, p<0.0001). However, when differentiating between
patients who had been prescribed diazepam because of high
risk of BAT activation and those who only got it for anxiety, the
effect of diazepam disappeared. BAT activation among those
who were prescribed diazepam and took it vs those who did
not take it was 10.1% and 8.1%, respectively (not significant).
Also, BAT activation among those who were not prescribed
diazepam but took it and those who did not take it was 2.7%
and 2.5%, respectively (not significant). Females with breast
cancer were more likely to have BAT activation reported than
other females (7.2% vs 4.6%, p <0.0001). There was no dif-
ference between patients who recently received chemotherapy
and those who did not receive chemotherapy (3.5% vs 3.6%,
p =0.8). However, among breast cancer patients, there was
a significantly reduced percentage of BAT activation in those
who had recently received chemotherapy compared with
those who had not received chemotherapy (3.8% vs
8.2%, p < 0.0001).

Using a logistic regression model, the significance of the varia-
bles was analyzed. The results of the multivariate analysis are
shown alongside the univariate analysis in Table 1. The coef-
ficients indicate that reported BAT activation was increased with
younger age, BAT activation in previous scan, lower BMI, breast
cancer, female sex, lower blood glucose level and lower outdoor
temperature. Diabetes was not significant in the multivariate
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analysis despite being significant in the univariate analysis,
which was likely due to the inclusion of fasting blood glucose
levels in the regression model. Chemotherapy was highly sig-
nificant in the multivariate analysis despite being insignificant in
the univariate analysis, and diazepam was insignificant in the
multivariate analysis despite being significant in the univariate
analysis.

DISCUSSION

The purpose of this study was to analyze factors influencing
BAT activation in patients undergoing '®F-FDG PET/CT
scans. These statistics may be used to take measures to reduce
BAT activation in patients who are most likely to show acti-
vation. Our study showed an association between BAT
activation and factors such as sex, age, BMI and out-
door temperatures, which is in agreement with other
publications.””*® Reducing BAT activation is important since
activated BAT can interfere with scan interpretation by ob-
scuring small metastases or by mimicking metastases. We
found that in 76 of the 540 cases of BAT activation (14.1%),
the nuclear medicine physician specifically stated that there
was uncertainty in scan assessment due to BAT activation. In
the remaining cases, uncertainty was not specifically men-
tioned, but this does not rule out the possibility of reduced
accuracy of scan interpretation.

Administration of diazepam prior to the scan had no effect on
BAT activation in the multivariate analysis, despite being sig-
nificantly associated with higher BAT activation in the uni-
variate analysis. The significance in the univariate analysis was
due to diazepam being prescribed specifically to patients at
high risk of BAT activation. There was no significant difference
when comparing patients who were prescribed diazepam and

Table 1. The results of the univariate and multivariate analysis using the logistic regression analysis with BAT activation as
a dependent variable is shown. The univariate analysis was based on median values [11:07 AM, 61 years, 12.7 °C, body mass index
(BMI) 24.7 and blood glucose 5.4 mmol I~ ']. The coefficient indicates the increase or decrease in possibility of brown adipose tissue
(BAT) activation per unit change of each parameter [e.g. for a patient 1 year older, the %BAT activation is reduced by approximately

4.3% (e 094 =0.957)]

Univariate Multivariate
Parameter Higher BAT activation
p-value Coefficient p-value

Intercept - 2.7 <<0.0001 -
Age (years) <0.0001 —0.044 <0.0001 Younger
BAT previously <0.0001 1.3 <0.0001 BAT activation in previous scan
Blood glucose (mmoll~") <0.0001 —0.15 0.01 Lower blood glucose level
BMI (kgm™?) <0.0001 —0.070 <0.0001 Lower BMI
Breast cancer <0.0001 0.34 0.004 Scanned for breast cancer
Chemotherapy 1.0 —0.58 <0.0001 No chemotherapy
Diabetes <0.0001 —0.53 0.2 -
Diazepam <0.0001 —0.0091 0.4 -
Sex <0.0001 —0.95 <0.0001 Female
Temperature (°C) <<0.0001 —0.047 <<0.0001 Lower outdoor temperatures
Time (hours) 0.07 —0.026 0.2 -
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Figure 3. Percentage of fluorine-18 fludeoxyglucose positron
emission tomography/CT scans with brown adipose tissue
(BAT) activation vs body mass index and blood glucose levels
is shown.

a)
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Figure 4. The percentage of patients with brown adipose tissue
(BAT) activation by month is shown. The average (Avg) daily
outdoor temperatures (Temp) for each month are displayed as
an overlay.
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took it with patients who were prescribed diazepam and did
not take it (e.g. patients with contraindications against di-
azepam, such as those having to drive after the PET exami-
nation). There was also no significant difference between those
who were not prescribed diazepam and did not take it with
patients who were not prescribed diazepam and took it (e.g.
for anxiety). Thus, we can confirm that diazepam has no
significant effect on BAT activation, which is in agreement
with the results of other studies.”>’

Our study showed significance between BAT activation and
other factors that have not been analyzed in a large multivariate
study. One such factor was the time of injection, which had not
been studied in previous reports. We found significantly more
patients with BAT activation in the morning than in the after-
noon. This could not be explained entirely by the lower outdoor
temperatures in the morning, since the time of injection
remained a significant factor in the multivariate analysis where
hourly temperatures were taken into account. Despite the lower
outdoor temperatures in the morning, patients who were
injected in the early morning before 9 AM were less likely to
exhibit BAT activation. This may be explained by the naturally
lower core body temperatures found in the morning,”** by the
length of the fasting period or by the higher cortisol levels in the
morning. However, while some researchers state that cortisol
inhibits BAT function,’® others have demonstrated that cortisol
has a stimulatory effect.’"*
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It was also observed that there were seasonal variations of BAT
activation. Although BAT activation occurred most often during
the winter and least in the summer, the results could not be
explained entirely by differences in outdoor temperatures. For
example, the percentage of patients with BAT activation in Au-
gust was 57% higher than in July despite similar average tem-
peratures, and the same as in April despite 7.5 °C higher average
temperatures. As Au-Yong et al’> observed, the presence of BAT
was more closely related to the photoperiod than outdoor
temperatures, which is consistent with our results.

Another interesting observation is the low rate of BAT activation
in underweight patients. The highest rate of BAT activation oc-
curred in patients with a BMI of 18-21kgm ™2, and the rate of
BAT activation declined with higher BMI as expected. However,
BAT activation showed a trend towards reduction for patients with
BMI <16.0kgm™2 This is in contrast to other studies that
reported increased BAT activity among underweight patients.
However, in the study of Hany et al,’* the lowest BMI was
16.8kgm 2. The study of Pasanisi et al’> found that all seven
patients with constitutional leanness (mean BMI 16.2 + 1.0 kg m 2
age 21.7 = 3.6 years) but none of the seven patients with anorexia
nervosa (mean BMI 155+ 0.8kgm 2, age 23.4+45 years)
showed BAT activation. The article shows that BAT function was
reduced in severely underweight patients, consistent with our
results, but only in the patients with anorexia nervosa. Bauwens
et al*® showed that while there is a high prevalence of BAT post-
mortem in cachexic cancer patients, there was no evidence for
either increased or decreased BAT activity in living cachexic
patients. In our study, we lack sufficient information to ascertain
whether the patients with very low BMI had anorexia nervosa,
cancer cachexia or constitutional leanness.

It was also found that females with breast cancer were much
more likely to have BAT activation reported than other females.
After taking potential dependent variables such as age into ac-
count using multivariate analysis, breast cancer was found to be
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Figure 5. Percentage of patients with brown adipose tissue (BAT) activation in different subgroups is shown. F, female; M, male.
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a highly significant variable. The result is in agreement with Cao
et al,”” who showed much higher prevalence of BAT activation in
females with breast cancer than in females with other cancers. A
possible explanation for this result may be that nuclear medicine
physicians tend to mention BAT activation in clinical reports
more often when it is considered relevant, such as in nodal
staging of breast cancer.

For patients who had received chemotherapy, univariate analysis
showed no difference in BAT activation, but multivariate analysis
showed a highly significant reduction in BAT activation after
recent chemotherapy. The reason for the difference between the
univariate and multivariate results is that the subset of patients
who underwent chemotherapy was younger than the subset of
those who did not undergo chemotherapy (median age: 54 vs
62 years). The reduction in BAT activation suggests that some
chemotherapy drugs may inhibit BAT function. The lower in-
cidence of BAT activation after chemotherapy is consistent with
the results of Gadea et al,”® who showed a decrease in '*F-FDG
activity in BAT for breast cancer patients who had received
chemotherapy. The exact mechanism of interference of che-
motherapy with BAT activation remains to be elucidated, but it
probably depends on the type of chemotherapy, dosage, number
of cycles and time between the last cycle of chemotherapy and
the '®F-FDG PET scan.

Patients who had shown BAT activation in a previous '*F-FDG
PET scan were also at increased risk to have BAT activation
again. This confirms the work of Lee et al,”® although our study
showed a much higher percentage of BAT activation (21% vs
13%). Since the effect remained significant in the multivariate
model, patients who had BAT activation in a previous scan
probably had some unknown intrinsic characteristic not in-
cluded in the regression model. The variable “BAT previously”
was included in the regression model in order to minimize
errors in the fit due to clustering of patients receiving multi-
ple scans.

Based on the results, we can offer some recommendations for
reducing the number of patients with BAT activation. First, the

patients who are at highest risk of BAT activation need to be
identified (i.e. young, females, low BMI, indicated for breast
cancer and had BAT activation in a previous scan). Patients at
highest risk of BAT activation may be scanned either in the early
morning or later in the afternoon. Ideally, the patients with the
highest risk should either be the first or last patient to be
scanned. Furthermore, previously described methods to reduce
BAT activation may be used to prepare these patients for the
scan, such as staying in a warm room and administering
propranolol.

Limitations of our study include its retrospective nature and the
fact that scans were not reviewed blindly to score BAT activation.
Since BAT activation was not scored blindly, it is possible that
some patients had BAT activation not mentioned in the reports
or had only minimal BAT activation that was mentioned in the
reports. This introduces a possible bias due to increased
reporting of BAT activity in patients with tumours in areas
where BAT interferes most or in patients who had BAT activa-
tion in a previous scan.

CONCLUSION

This large retrospective study identifies new factors that in-
fluence BAT activation, such as the time of day and recent
chemotherapy. It also confirms that BAT activation occurs more
often at lower outdoor temperatures, in females, in younger
people and in people with a lower BMI. There were a few new
findings, such as the low frequency of BAT activation in the early
morning and among breast cancer patients who had recently
received chemotherapy. Better understanding of factors influ-
encing BAT activation may help in the design of interventions to
reduce or promote BAT activation, and it can be used to identify
patients at risk of BAT activation during '®F-FDG PET
examinations.
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