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Abstract

Purpose: Altered '®F-fluorodeoxyglucose (FDG) biodistribution due to patient factors
such as exercise and inadequate fasting are well established causes of limited diag-
nostic efficacy. In addition, medications such as G-CSF are known to affect uptake

of FDG by bone marrow and spleen. In this study, we present a case of increased
white adipose uptake in a pediatric lymphoma patient who recently received high
dose dexamethasone and review the relevant literature regarding this rare and poorly
understood pattern of altered FDG biodistribution.

Methods: A 14-year-old male patient diagnosed with B-cell lymphoblastic lymphoma
underwent FDG-PET/CT for restaging shortly after completing an induction chemo-
therapy regimen. Images revealed diffuse FDG uptake localizing to white adipose
tissue, attributed to the 29-day course of dexamethasone which was completed two
days prior. A diagnostically adequate study with relative normalization of FDG biodistri-
bution was obtained seven days later.

Results: In our review of the literature, diffuse FDG uptake by white fat is a rare occur-
rence and has only been reported by a few case reports and early observational stud-
ies. In addition to patients receiving corticosteroids, other cases of medication-induced
adipose remodeling such as patients receiving highly active antiretroviral therapy have
been documented with similar patterns of increased white adipose tissue activity.

Conclusion: Corticosteroid-induced white fat uptake of FDG is a rare phenomenon
that can limit diagnostic accuracy of FDG-PET/CT and necessitate repeat imaging.
Current evidence suggests that a wait period of at least one week after discontinuation
of corticosteroids is sufficient to allow for decreased white fat uptake and increased
diagnostic accuracy.

Keywords: PET/CT, Lymphoma, Corticosteroids, Glucocorticoids, Dexamethasone,
Adipogenesis

Introduction

With the introduction of 8F-fluorodeoxyglucose (FDG) in 1976, followed by the devel-
opment of the integrated positron emission tomography/computed tomography (PET/
CT) scanner in the early 2000s, lymphoma assessment quickly became a major applica-
tion of FDG-PET/CT (Barrington, et al. 2014). Initially, FDG/PET-CT was frequently
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used before treatment initiation, but it was not formally included in staging due to the
scarcity of data at the time (Cheson 2018). To create uniform reporting standards, the
First International Workshop was organized in Deauville, France in 2009 (Meignan et al.
2009). There it was agreed that the Deauville score (DS) would be used for visual analysis
of FDG-PET findings. Previous research demonstrated that the DS had high interob-
server reliability with implications for prognosis (Mikhaeel et al. 2005; Gallamini et al.
2007). In 2014, the Lugano guidelines were updated to include a revised 5-point DS for
use in interim and end-of-treatment assessments (Heertum et al. 2017). The DS estab-
lished benchmarks for determining whether a response to treatment was adequate or
inadequate, which could be adjusted based on the clinical situation.

Fasting prior to FDG administration is a well-known necessity to avoid altered tracer
biodistribution. Increased plasma glucose competes with FDG at sites of uptake, result-
ing in decreased FDG localization to the brain and tumor cells. Inadequate fasting also
increases serum insulin, resulting in extensive skeletal muscle uptake of FDG mediated
by increased expression of glucose transporter-4 (Nakatani et al. 2012). This pattern
of diffuse FDG uptake by skeletal muscle is well documented and has previously been
termed a “muscle scan” (Turcotte, et al. 2006). In addition to the effects of glucose and
insulin, treatment-induced changes in FDG uptake have also had important implications
for image interpretation. One type of medication known to influence FDG uptake is
granulocyte colony-stimulating factor (G-CSF), a hematopoietic cytokine involved in the
growth and development of bone marrow hematopoietic progenitor cells, which is used
to manage chemotherapy-induced neutropenia in cancer patients (Hanaoka et al. 2011).
When G-CSF is administered to patients undergoing chemotherapy before an FDG-
PET/CT, there is a significant increase in FDG uptake in the bone marrow and to a lesser
extent in the spleen, despite normally low physiological localization. This change in FDG
distribution, induced by G-CSEF, can resemble the progression of bone marrow disease,
complicating disease staging since the bone marrow is often a target for spread of lym-
phoma. However, treatment with G-CSF is not the only medication-related change in
EDG biodistribution that needs to be considered in patients undergoing therapy.

In this current study, a rare type of altered FDG biodistribution in a pediatric lym-
phoma patient, demonstrating diffusely increased uptake in subcutaneous white adi-
pose tissue, associated with prolonged treatment of corticosteroids administered during
induction chemotherapy will be presented and reviewed.

Case presentation

A 14-year-old boy weighing 62 kg (137 lbs) underwent an FDG-PET/CT scan for the
restaging of B-cell lymphoblastic lymphoma. He had fasted for 8 h prior to the scan,
and his blood glucose level was recorded at 87 mg/dL when the FDG dose (7mCi) was
administered intravenously. The patient’s whole body FDG-PET/CT scan showed an
altered biodistribution with diffusely increased FDG uptake in the white fat tissue across
the neck, chest, abdomen, pelvis, and proximal thighs (Fig. 1A). However, imaging at
this time did not demonstrate any activity that could clearly be attributed to lymphoma
activity in spite of the unusual pattern of tracer localization. Upon reviewing the patient’s
medications, it was determined that the observed increase in white fat metabolism was

due to the effects of glucocorticoids. Upon further review of the patient’s history, it was
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Fig. 1 FDG-PET/CT images for restaging approximately one month after initial baseline imaging. Obtained
two days after the patient finished a 29-day regimen of high-dose dexamethasone, the initial study (A)
clearly shows diffuse FDG uptake in white adipose tissue, as seen on the maximum intensity projection (MIP),
axial PET, and fused PET/CT imaging, limiting diagnostic utility. Repeat FDG-PET/CT performed 7 days later

(9 days since last dose of dexamethasone) demonstrates that the increased interval since discontinuation

of corticosteroids resulted in relative normalization of white fat activity in the upper extremities, chest, and
abdomen, with mild persistent activity involving the white fat in the pelvis and proximal lower extremities (B)

discovered that the patient had just completed a 29-day treatment with dexamethasone,
taking 5 mg twice daily, which concluded two days prior to the FDG-PET/CT scan. Dex-
amethasone was given as part of his initial chemotherapy treatment, which also included
treatment with vincristine and L-asparaginase. A follow-up scan performed a week later
showed a significant reduction in FDG activity in the white fat tissue, with only slight
residual uptake noted in the subcutaneous fat of the pelvis and proximal thighs (Fig. 1B).
The subsequent scan was overall felt to be interpretable for treatment response, with low
probability of any potential obfuscation of disease by residual activity in white adipose
tissue.

Discussion

White adipose tissue is a major hormonally active organ, releasing substrates such as
adipokine, adiponectin, leptin, resistin, and tumor necrosis factor, which play pivotal
roles in managing insulin sensitivity and overall metabolism (Haas et al. 2012). Struc-
turally, white fat cells, which contain a single large lipid droplet, are involved in storing
energy in subcutaneous, intramuscular, and visceral fat compartments. In comparison,
brown fat cells, which contain multiple small lipid droplets in addition to a high num-
ber of mitochondria, are responsible for heat production (Wong et al. 2020). Generally,
white fat is metabolically less active and demonstrates minimal physiologic FDG activ-
ity. Specifically, FDG activity in subcutaneous fat has been demonstrated to be similar
across various patient populations, including healthy subjects and those with metabolic
syndrome (Oliveira et al. 2015).

The phenomenon of diffuse FDG activity by white fat following corticosteroid treat-
ment is an uncommon finding, predominantly observed in young cancer patients,
with only about 20 pediatric leukemia and lymphoma cases with this phenomenon
documented in a few early observational studies and case reports within the medical
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Fig. 2 FDG-PET/CT maximum-intensity projection (MIP) in a 14-year-old patient as presented by Wong et al.
with acute myeloid leukemia showing abnormal biodistribution of FDG localizing to subcutaneous white
adipose tissue (A). SUVmax in the white fat of the flanks and gluteal regions was found to be 1.8 (C and D).
Repeat FDG-PET/CT one week later (B) showed normalization of FDG biodistribution, revealing metabolically
active osseous lesions in the proximal right humerus, right scapula, ribs and right femur, which were
previously obscured. Image reprinted without changes from Wong et al. (2020)

literature (Table 1) (Wong et al. 2020; Young et al. 2021; Kapoor et al. 2021; Sharp
et al. 2012). Induction chemotherapy regimens for leukemia and lymphoma frequently
incorporate corticosteroids such as prednisone or dexamethasone to be administered
alongside agents such as vincristine. This combination of vincristine with corticoster-
oids is known to effectively decrease tumor size (Angiolillo et al. 2021). The metabolic
activities of glucocorticoids, which include the breakdown and formation of lipids as
well as the creation of fat cells, are believed to cause the accumulation of FDG in
white fat seen in these cases (Wong et al. 2020). Specifically, the drug-induced trans-
formation of white fat tissue into a pattern resembling Cushing’s syndrome involves
the differentiation of fat cells and an increase in glycolysis (Sharp et al. 2012).
Regarding the potential effects of altered biodistribution on image interpreta-
tion, Wong et al. report a case in which osseous metastases were initially obscured
by white adipose tissue activity in a pediatric lymphoma patient (Fig. 2) (Wong et al.
2020). The missed lesions were subsequently identified upon repeat imaging one week
later, which had allowed for adequate normalization of FDG biodistribution. Four
cases of adults with lymphoma (Bansal et al. 2021; Staack et al. 2020; Hwang et al.
2016; Pattison et al. 2014) as well as one case of a child with chronic active Epstein-
Barr virus (Kong and Nadel 2018) have been reported with similar FDG-PET findings
of increased white fat activity. Diffusely increased FDG localization to subcutane-
ous fat has also been described in patients diagnosed with human immunodeficiency
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Fig. 3 Coronal FDG-PET/CT images of two patients diagnosed with HIV infection and receiving highly active
antiretroviral therapy (HAART). While low subcutaneous uptake of FDG is typically observed (A), certain
patients with lipodystrophy are found to have increased white fat FDG uptake (B, arrow). Image reprinted
without changes from Sathekge et al. (2010)

virus (HIV) infection and experiencing lipodystrophy as a side effect of highly active
antiretroviral therapy (HAART) (Fig. 3) (Sathekge et al. 2010).

In conclusion, we present a case and discuss the very rare entity of altered biodis-
tribution of FDG, resulting in increased tracer uptake in subcutaneous white adi-
pose tissue secondary to glucocorticoid use. This phenomenon that has only been
reported in a very few preliminary studies, most commonly in pediatric leukemia and
lymphoma patients receiving corticosteroids. In such cases, diagnostic accuracy is
adversely affected, and repeat imaging at least one week after discontinuation of cor-
ticosteroids appears sufficient for overall normalization of FDG activity.

Abbreviations

FDG '8¢_fluorodeoxyglucose

PET/CT  Positron emission tomography/computed tomography
DS Deauville score

G-CSF Granulocyte colony-stimulating factor

HIV Human immunodeficiency virus

HAART  Highly active antiretroviral therapy
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