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Abstract
Objective To determine abdominal adipose tissue parameters
on PET/CT in patients with monoclonal gammopathy of un-
determined significance (MGUS) and multiple myeloma
(MM) that may serve as predictors of progression of MGUS
to MM. We hypothesized that patients with MM had higher
abdominal adiposity and higher fat metabolic activity com-
pared to patients with MGUS.
Materials and methods Our retrospective study was IRB ap-
proved and HIPAA compliant. The study group comprised 40
patients (mean age 64 ± 13 years) with MGUS and 32 patients
(mean age 62 ± 10 years) with recently diagnosed MM (mean
time since diagnosis of MM 3.0 ± 3.9 months) who had not
undergoneMM treatment. All patients underwent whole body
FDG-PET/CT. Total abdominal adipose tissue (TAT), abdom-
inal subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT) cross sectional areas (CSA) (cm2) and metabolic
activity (SUV) were assessed. Groups were compared using
ANOVA. ROC curve analysis was performed to determine
cutoff values for abdominal adipose tissue parameters to de-
tect MM.

Results Patients with recently diagnosed MM had higher TAT
and SAT CSA (p ≤ 0.03) and higher fat metabolic activity
(p < 0.01). VAT metabolic activity showed the highest sensi-
tivity and specificity for identifying patients with MM (area
under the curve 0.95 with cutoff value of >0.34, sensitivity
90.6 %, specificity 92.5 %, p < 0.0001).
Conclusions Patients who were recently diagnosed with MM
had higher abdominal fat CSA and higher fat metabolic activ-
ity compared to patients with MGUS. These parameters may
serve as novel biomarkers of progression of MGUS to MM.
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Introduction

Multiple myeloma (MM) is a rare but fatal malignancy of
plasma cells, accounting for approximately 13 % of he-
matological malignancies and 2 % of all cancers in the US
[1, 2]. Known risk factors for the development of MM
include increasing age, male gender, black race, family
history of MM, and monoclonal gammopathy of undeter-
mined significance (MGUS) [3]. In fact, studies have
shown that MM is consistently preceded by MGUS, a
premalignant plasma cell proliferative disorder [4]. The
annual risk of progression from MGUS to MM is 1 %
[5] and the development of biomarkers to aid in identify-
ing patients at risk for progression from MGUS to MM
are of great interest.

Epidemiological studies have suggested that obesity
[6–10], especially abdominal adiposity [11], may repre-
sent a risk factor for the development of MM. However,
these studies used surrogates of obesity; i.e. BMI and
waist circumference, to evaluate abdominal adiposity. No
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studies have quantified distinct abdominal adipose depots
and assessed their risk on the progression from MGUS to
MM. Increased volume of visceral adipose tissue is asso-
ciated with elevated cardiometabolic risk and oxidative
stress as well as gastrointestinal carcinogenesis [12–14].
Interestingly, the composition and metabolic activity of
abdominal adipose tissue has been shown to be associated
with cardiometabolic risk [12, 13] and the development of
cancers [15]. A biopsy study in patients with colorectal
cancer demonstrated a different fatty acid profile in ab-
dominal subcutaneous adipose tissue in cancer patients
compared to controls, suggesting that changes in fatty
acid metabolism may play a role in carcinogenesis [15].
Volumes of different abdominal fat compartments and
their respective metabolic activity can be measured non-
invasively using 18-fluorodeoxy-glucose positron emis-
sion tomography CT (FDG-PET/CT) [13]. FDG-PET/CT
may be performed in patients with MGUS to determine
the presence of osteolytic lesions and transformation to
MM [16].

The purpose of our study was therefore to determine
abdominal body composition parameters on FDG-PET/CT
that differentiate patients with MGUS and recently diag-
nosed MM which may serve as predictors of progression
of MGUS to MM. We hypothesized that patients with
MM have higher abdominal adiposity and higher fat met-
abolic activity compared to patients with MGUS.

Materials and methods

Patients

This study was approved by the institutional review board
and complied with Health Insurance Portability and
Accountability Act (HIPAA) guidelines, with exemption
status for individual informed consent. A retrospective
search was performed to identify patients with MGUS or
recently diagnosed MM (diagnosis <12 months) who had
not undergone therapy for MM. All patients underwent
FDG-PET/CT at our institution from 1/1/2005 to 12/1/
2015. Exclusion criteria were malignancy other than
MM/MGUS at the time of FDG-PET/CT and abdominal
surgery or prior radiation therapy to the abdomen or pel-
vis that could confound abdominal adipose tissue
measurements.

Body composition by FDG-PET/CT

The FDG-PET/CT studies were performed on an integrat-
ed PET/CT scanner (Siemens Biograph 16 or 64,
Siemens, Erlangen, Germany or GE Healthcare discovery,
Milwaukee, Wisconsin, USA), with a 16 or 64-slice CT

and a full-ring HI-REZ LSO PET. Patients fasted 6 h be-
fore the exam and blood glucose levels were measured
upon arrival and 18 F-FDG was injected only if blood
glucose was ≤ 200 mg/ dl. 18 F-FDG was produced using
an on-site 230 MeV isochronous cyclotron. The dose
injected was based on patient’s BMI (BMI < 30, 15 mCi;
30.1 ≤ BMI ≤44, 20 mCi; BMI >44, 25 mCi). After injec-
tion, the patient relaxed in a semi-reclined chair and PET/
CT was performed 60 min following the injection of
FDG. Attenuation correction CT obtained in mid-
expiration phase without intravenous contrast (slice thick-
ness 5 mm; table feed per rotation, 18 mm; time per table
rotation, 0.5 s; tube voltage, 120 kVp; tube current, 11
mAs; field of view, 48 cm) and PET images were acquired
with the patient’s arms over the head. 3D mode PET im-
ages were obtained from the skull base to the mid-thigh,
with 6–8 bed positions lasting 3–7 min each. Images were
reconstructed to a slice thickness of 2.4 mm. Standard
clinical quality assurance measures were performed to as-
sess for reproducibility of scans over time.

Abdominal fat cross sectional areas (CSA) were
assessed on non-enhanced CT using semiautomated
methods at the mid-portion of the 4th lumbar vertebra.
Fat quantification at his level has been shown to corre-
late strongly with total abdominal fat volumes [17] and
cardiometabolic risk [18, 19]. Analyses were performed
using Osirix software version 3.2.1 (www.osirix-viewer.
com/index.html). First, automated thresholding methods
were applied to identify total abdominal adipose tissue
(TAT) cross sectional area (CSA) (cm2) using a threshold
set for −50 to −250 Hounsfield units (HU) as described
by Borkan et al. [20]. We then manually outlined the
subcutaneous and visceral adipose tissue areas, respec-
tively, and the mean CSA (cm2) was determined for each
adipose tissue depot (see electronic supplementary
material, ESM). This has been shown to be a reliable
method for adipose tissue measurements with reported
inter-reader correlation coefficients (r) of 0.99 for VAT
and SAT [21].

FDG-PET/CT images were analyzed using OsiriX soft-
ware (www.osirix-viewer.com/index.html). Semi-
quantitative analysis of FDG uptake was performed at the
same level as the adipose tissue CSA measurements and
mean standardized uptake values (SUV) were calculated
using the following formula: SUV (bw) = Ctis/Dinj/bw,
where SUV (bw) is SUV normalized for body weight,
Ctis is tissue concentration expressed as megabecquerels
per milli l i ter, Dinj is injected dose expressed in
megabecquerels, and bw is body weight expressed as kilo-
grams. Mean SUVs were calculated for VAT, SAT, and
TAT CSA (ESM). This method has been used in a prior
study to assess fat metabolic activity [13]. In addition, total
metabolic activity (= CSA × mean SUV) was calculated.
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Care was taken to exclude areas of obvious misregistration
from peristalsis and breathing.

Statistical analysis

Statistical analysis was performed using JMP software
(version 11, SAS Institute, Cary, NC) and MedCalc (ver-
sion 9.2.1.0; Mariakerke, Belgium). Data are presented as
mean ± standard deviation (SD). Groups were compared
using analysis of variance (ANOVA). Receiver operator
characteristic (ROC) curve analysis of body composition
measurements was performed to determine sensitivity,
specificity, area under the curve (AUC), and confidence
intervals (CI) as well as cutoff values for each parameter
to detect MM. p < 0.05 indicated statistical significance
and p <0.1 indicated a trend.

Results

Patient characteristics and body composition including ab-
dominal fat CSA and metabolic activity of the MGUS and
MM groups are shown in Table 1.

We identified a total of 72 patients (36 men, 36 women;
mean age 63 ± 11 years), 40 patients with MGUS (23 men, 17
women; mean age 64 ± 13 years) and 32 patients with recently
diagnosed MM who were of similar age (19 men, 13 women;
mean age 62 ± 10 years). No patients with smoldering MM or
Waldenstrom macroglobulinemia were included. Reason for
PET/CT in the MGUS group was evaluation for other plasma
cell dyscrasias, such as MM or lymphoma (n = 29), work up
of an osseous lesion found on skeletal survey (n = 5), work-up
of pulmonary nodules (m = 3), and work-up of other lesions
(n = 3). PET/CT in the MM group was performed to evaluate
extent of disease and potential complications. In the MGUS
group, 35 patients (87.5 %) were white, 3 (7.5 %) were black,
and 2 (5 %) identified themselves as other. In the MM group
28 patients (88 %) were white, 1 (3 %) was black, 2 (6 %)
were Asian, and 1 (3 %) other. Four patients in the MM group
had a family history of MM, while none of the patients in the
MGUS group had a family history of MM. Patients with MM
were recently diagnosed with mean time from diagnosis of
MM to FDG-PET/CT of 3.0 ± 3.9 months. There was no sig-
nificant difference in age, weight, or BMI between the MGUS
andMMgroups (p ≥0.2). None of the patients hadmalignancy
other than MM/MGUS at the time of FDG-PET/CT.

Patients with recently diagnosed MM had higher TAT
and SAT CSA (p = 0.03 and p = 0.02, respectively) com-
pared to patients with MGUS (Figs. 1 and 2). Similarly,
patients with recently diagnosed MM had higher TAT and
VAT mean and total metabolic activity (p < 0.02) com-
pared to patients with MGUS.

The results of ROC curve analysis are summarized in
Table 2. On the basis of ROC curves, VAT metabolic
activity (SUV) showed the highest sensitivity and speci-
ficity for identifying subjects with MM. The area under
the curve (AUC) was 0.95 with a cutoff value of >0.37,
sensitivity was 90.0 %, and specificity was 92.5 %
(p < 0.0001) (Fig. 3).

Discussion

MGUS is a premalignant plasma cell proliferative disor-
der, which occurs in 3 % of individuals 50 years of age or
older [5]. It is characterized by a serum monoclonal pro-
tein at a concentrat ion ≤ 3 g/dL, bone marrow
plasmacytosis <10 %, and absence of organ or tissue im-
pairment including bone lesions [22]. MGUS is associated
with a life-long risk of progression to MM, which is about
1 % per year [5]. Given the fact that nearly all MM cases
are preceded by MGUS, it is of clinical importance to
determine predictors of progression from MGUS to MM.
Our study showed that patients who were recently diag-
nosed with MM and who had not undergone MM therapy
had higher abdominal fat CSA and higher fat metabolic
activity by FDG-PET/CT compared to patients with
MGUS, suggesting that these parameters may serve as
novel biomarkers of disease progression in patients at risk
for MM.

Established risk factors for the development of MM in
addition to MGUS include increasing age, male gender,
black race, and family history of MM [3]. In our study,
only 5 % of all patients had a family history of MM and
the majority of patients were white, in concordance with
the patient demographics of our hospital. Patients with
MGUS often undergo FDG-PET/CT to exclude the pres-
ence of myeloma-defining lesions [16, 23]. FDG-PET/CT
is also an imaging modality for staging and surveillance
of patients with MM [24, 25]. Therefore, it would be
valuable to determine novel imaging biomarkers indicat-
ing risk of progression from MGUS to MM that could be
assessed on FDG-PET/CT performed as part of routine
staging or surveillance.

Population studies suggest that obesity is associated
with the development of different types of cancer, includ-
ing MGUS and MM [4, 6, 7, 9, 10, 26, 27]. A recent
pooled analysis of MM from 20 prospective cohorts in
the National Cancer Institute Cohort Consortium found
increased MM mortality for higher BMI and higher waist
circumference, indicating that not only overall obesity but
particularly abdominal obesity is a risk factor for MM
[11]. In our study, patients with MM had increased ab-
dominal adipose tissue CSA compared to patients with
MGUS despite similar BMI, suggesting that quantification
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of abdominal fat may serve as a better biomarker of disease
progression from MGUS to MM than BMI. Furthermore,
we found increased metabolic activity of abdominal fat in
patients with MM compared to patients with MGUS and
ROC curve analysis of VAT metabolic activity showed the
highest sensitivity, specificity and AUC for identifying
subjects with MM, suggesting that VAT metabolic activity
may serve as a biomarker to identify patients at risk for
developing MM.

Potential mechanisms for the role of abdominal adi-
posity and increased risk of MM include low levels of
adiponectin, an adipokine, which is secreted by adipo-
cytes. Low levels of plasma adiponectin are associated
with obesity, insulin resistance, and the metabolic syn-
drome [18, 28] and low adiponectin concentrations have
also been linked to the development of cancers such as
pancreatic and breast cancer [29, 30]. A recent

prospective study in patients with MM and controls has
demonstrated an inverse association between adiponectin
levels and subsequent risk of developing MM, suggesting
that low levels of adiponectin may play an important role
in the mechanisms linking obesity to myelomagenesis
[31]. Low adiponectin may lead to the development of
MM by stimulating the production of proinflammatory
cytokines, such as IL-6 and TNF, while suppressing the
production of anti-inflammatory cytokines, such as IL-10
and IL-1RA, thereby promoting transduction pathways
associated with survival and proliferation of malignant
plasma cells [31–35]. The stimulation of proinflammato-
ry cytokines may account for our observed increased
metabolic activity of abdominal fat in MM compared to
MGUS. It is also possible that the higher metabolic ac-
tivity in the abdominal depot reflects a similar process in
the bone marrow adipose depot where myeloma begins.

Table 1 Clinical characteristics
and abdominal fat compartments
of patients with MGUS and
multiple myeloma (values are
means ± SD)

MGUS

(n = 40)

Multiple myeloma (n = 32) p

Age (years) 64 ± 13 62 ± 10 0.5

Weight (kg) 75.8 ± 13.2 80.1 ± 17.5 0.2

BMI (kg/m2) 26.8 ± 3.8 28.5 ± 5.8 0.2

TAT CSA (cm2) 395.0 ± 131.1 482.1 ± 197.4 0.03

TAT metabolic activity (SUV) 0.37 ± 0.14 0.64 ± 0.63 0.01

TAT total metabolic activity (SUVx cm2) 152 ± 84 332 ± 467 0.02

VAT CSA (cm2) 158.0 ± 72.9 175.6 ± 88.4 0.4

VAT metabolic activity (SUV) 0.22 ± 0.17 0.85 ± 0.40 <0.0001

VAT total metabolic activity (SUVx cm2) 41 ± 39 147 ± 100 <0.0001

SAT CSA (cm2) 237.7 ± 84.9 301.4 ± 146.6 0.02

SAT metabolic activity (SUV) 0.46 ± 0.20 0.54 ± 0.73 0.5

SAT total metabolic activity (SUVx cm2) 109 ± 65 188 ± 398 0.2

MGUSmonoclonal gammopathy of undetermined significance, TAT total abdominal adipose tissue, VAT visceral
adipose tissue, SAT subcutaneous adipose tissue, CSA cross sectional area, SUV standardized uptake value

Fig. 1 Axial CT at the level of L4 in a 55 year-old man with MGUS
(BMI: 27 kg/m2, abdominal adipose tissue area at the level of L4:
282 cm2)

Fig. 2 Axial CT at the level of L4 in a 55 year-old man with multiple
myeloma (BMI: 26 kg/m2) demonstrating increased abdominal adipose
tissue compared to the patient with MGUS despite similar BMI
(abdominal adipose tissue CSA at the level of L4: 431 cm2)
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For example in mice, high fat feeding results in a rapid
but coincident increase in both abdominal adiposity and
bone marrow adipose tissue [36]. In a recent study of B6
mice, Lwin et al. demonstrated that diet-induced obesity
promoted a myeloma like condition in-vivo, which might
be related to changes in the cellular composition of the
marrow [37]. Further studies are needed to define wheth-
er the metabolic changes associated with obesity in the
bone marrow establish a direct relationship between my-
eloma progression and adipocyte volume.

The main limitation of our study is the retrospective
and cross-sectional study design which limits our ability
to ascertain causality. However, this was a pilot study to
evaluate potential biomarkers of transformation from
MGUS to MM. Prospective longitudinal studies are nec-
essary to confirm these findings. Another limitation of
assessing abdominal fat metabolic activity is potential
misregistration due to peristalsis and breathing. Care
was taken to exclude areas of obvious misregistration
and we only included patients who did not have intra-
abdominal neoplasms, prior abdominal surgery or other
intra-abdominal pathology that could lead to abnormal
metabolic activity. A limitation was the use of different
imaging protocols and equipment over time. However,
as both groups were imaged over the same time period,
we do not think that those changes would introduce
systemic bias. We also performed standard clinical qual-
ity assurance measures to assess for reproducibility of
scans over time. Strengths of our study are the avail-
ability of FDG-PET/CT and detailed measures of ab-
dominal adiposity and metabolic activity in a large co-
hort of patients with MGUS and patients with recently
diagnosed MM.

In conclusion, our study showed that patients who
were recently diagnosed with MM had higher abdominal
fat CSA and higher fat metabolic activity by FDG-PET/
CT compared to patients with MGUS, suggesting that
these parameters may serve as novel biomarkers of

Table 2 ROC curve analysis of
different body composition
parameters in detecting multiple
myeloma

Parameter Threshold Sensitivity Specificity ROC
AUC

95 % CI p

BMI (kg/m2) >31.8 25.0 92.5 0.55 0.43–
0.67

0.5

TAT CSA (cm2) >593.0 31.3 97.5 0.61 0.49–
0.73

0.09

TAT activity (SUV) >0.39 84.4 67.5 0.80 0.69–
0.89

<0.0001

TAT total activity (SUVx
cm2)

>198 65.6 77.5 0.75 0.64–
0.85

<0.0001

VAT CSA (cm2) >83.4 96.9 22.5 0.54 0.42–
0.66

0.6

VAT activity (SUV) >0.37 90.6 92.5 0.95 0.87–
0.99

<0.0001

VAT total activity (SUVx
cm2)

>83.7 78.1 90.0 0.90 0.81–
0.96

<0.0001

SAT (cm2) >420 25.0 100.0 0.61 0.48–
0.72

0.1

SAT activity (SUV) <0.37 50.0 70.0 0.56 0.44–
0.68

0.4

SAT total activity (SUVx
cm2)

>95.3 65.6 50.0 0.54 0.42–
0.66

0.6

ROC receiver operator characteristic, AUC area under the curve, TAT total abdominal adipose tissue, VAT visceral
adipose tissue, SAT subcutaneous adipose tissue, CSA cross sectional area, SUV standardized uptake value

Fig. 3 Receiver operator characteristic (ROC) curve of visceral adipose
tissue (VAT) metabolic activity (SUV) to detect multiple myeloma. The
area under the curve (AUC) was 0.95 with a cutoff value of >0.37,
sensitivity was 90.6 %, and specificity was 92.5 % (p <0.0001)
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disease progression in patients at risk for MM. Larger
longitudinal studies are necessary to confirm our
findings.
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