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Abstract
Introduction: Obesity has been identi�ed as risk factor for multiple myeloma (MM). Various indexes of
body fat compartment make it di�cult to assess the value of body fat compartment in predicting
prognosis in MM patients.

Methods: 36 newly diagnosed MM (NDMM) patients underwent abdominal CT pre-chemotherapy, and 72
matched healthy people were included. Total fat area (TFA), visceral fat area (VFA) and subcutaneous fat
area (SFA) were measured from T12 to S1 and analyzed at six slices of vertebral interfaces. The level of
adiponectin was also detected.

Results: NDMM patients had larger TFA, VFA and SFA while signi�cantly lower plasma adiponectin than
healthy people. The percentage of bone marrow plasma cells was signi�cantly inversely correlated with
SAT, but positively correlated with VFA/SFA. A signi�cant inverse correlation was observed between the
high-risk cytogenetic abnormality gain 1q21 and VFA. SFA and VFA/SFA had a signi�cant effect on
treatment responses.

Conclusions: NDMM patients had higher abdominal fat content but lower adipokine levels than healthy
people. Excessive subcutaneous fat might be a predictive factor for high tumor burden and poor
treatment response. Visceral fat content may be correlated with high-risk cytogenetic abnormalities.
However, further investigation in larger samples is necessary to verify this association.

Background
Multiple myeloma (MM) is a malignant monoclonal plasma cell disorder, ranking second in frequency of
hematological malignancies.[1, 2] Nonetheless, the exact etiology and mechanism remain incompletely
elucidated. Obesity has been identi�ed as a risk factor for the development of many cancers including
MM[3]. The mechanisms underlying the association between obesity and MM are incompletely
understood, but may involve impaired glucose metabolism[4] and inappropriate secretion of adipokines,
including decreased adiponection and up regulated leptin. [5] Epidemiological studies had suggested
abdominal adiposity evaluated by body mass index (BMI) and waist circumference was more relevant in
MM.[6] This pool analysis of 20 prospective studies found higher early-adult BMI was associated with
elevated MM mortality.[6] Others reported the underweight MM patients (BMI<18.5kg/m2) had increased
mortality, whereas overweight (BMI 25-29.9kg/m2) and obese MM patients (BMI>30kg/m2) had lower
mortality compared with normal weight patients (BMI 18.5-24.9kg/m2).[7] These paradoxical results
might lead by disease-related weight loss, as BMI was a surrogate of obesity that mainly affected by
weight.[8] We speculated the BMI, which unable to describe the body fat content, was inappropriate to
evaluate the prognosis of MM. Therefore, the quantitative indexes of abdominal adipose tissue were
appropriate for assessment of association between obesity and MM. 

  Computed tomography (CT) is an available method which can obtain an accurate assessment of intra-
abdominal fat by measuring the visceral fat area (VFA) and subcutaneous fat area (SFA) on multi-



Page 3/18

sections and is routinely used to diagnose and assess treatment options for MM.[9] Clinical researches in
solid tumor, including gastrointestinal cancer[10, 11], renal cell carcinoma[12] and melanoma[13], have
shown a strong association between increased visceral fat and poor treatment response, decreased
progression free survival (PFS) and overall survival (OS). Few studies had investigated the predictive
effect of fat compartment on treatment response and survival outcomes. [14, 15] Research from Takeoka
et al indicated low subcutaneous adipose tissue index (SAI) at baseline correlated to poor survival
outcomes of MM patients,[14] while group from Janathan found reciprocal association between VFA of
abdomen and pelvis and treatment outcome in GMMG M5 trail.[15] They took different approaches to
calculate fat compartment and the detection compartment only involved two intervertebral spaces.
Nonetheless, the exact relationship between fat compartment and MM remain incompletely elucidated.
Besides, no one had compared the difference of fat compartment between MM patients and healthy
people.

  In this study, we compared abdominal fat compartment between MM patients and BMI-matched health
persons for the �rst time. We also analyzed the VFA and SFA assessed by CT with MM baseline
characteristics and prognostic factors including disease stage, adverse cytogenetics and treatment
response in newly diagnosed MM (NDMM) patients.

Materials And Methods
Our study was approved by the ethics committee of Beijing Jishuitan Hospital. Written informed consent
was obtained from each patient prior to performance of any study procedures in accordance with the
Declaration of Helsinki.

Patients

In this retrospective study, a total of 36 patients enrolled in, who were newly diagnosed with MM at the
Department of Hematology, Beijing Jishuitan Hospital, during the period from October 2015 to March
2017. Diagnosis, staging, treatment and response evaluation of MM patients were performed according
to the IMWG consensus.[16, 17] These patients received abdominal and pelvic CT before chemotherapy
initiation or changed regimen when relapsed as part of the standardized staging examination. We
followed these patients from diagnosed until the end of this study, unless the death or withdrawn. The
median of follow- up of these NDMM patients was 677 days, range from 26 to 981.

  For each NDMM case, 2 matched healthy people were randomly selected from the database supported
by Radiology department of our hospital. The subjects included in this database were participants of an
ongoing study since June 2014 investigating degeneration of the spine in the Department of Orthopedics,
Beijing Jishuitan Hospital. These control cases were matched using the following criteria: age, sexual,
height, weight and BMI.

Disease activity and treatment response
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Patients received blood test including blood routine test, biochemistry (lactate dehydrogenase, calcium,
creatinine), immune globulin and β2 globulin test et al for CRAB criteria and ISS staging. They also
detected the bone marrow plasma by �owcytometry represented as tumor burden and cytogenetic
detection including deletion 17p13, translocation t(4;14), translocation t(14;16) , translocation t(11;14) ,
deletion 13q14, gain 1q21 >3 copies by Fluorescence in situ hybridization (FISH) of CD38+ puri�ed
plasma cells. Patients received chemotherapy based on the proteasome inhibitor and evaluated the effect
post 4 cycles before autologous hematopoietic stem cell transplantation. Patients achieving at least a
partial response (PR) after induction therapy were classi�ed as treatment responders.[18] Treatment
regimens and patients disposition are summarized in Figure 1.

Abdominal fat compartment quantitative assessment

All simulation scans were obtained in the supine position using a CT scanner compliant with �ve
phantom (Mindways Software Inc., America) of Quantitative computed tomography (QCT) under whole
abdomen. All studies were performed on an 80-slice CT scanner (Toshiba Medical Systems Corp., Tokyo,
Japan) after an overnight fast. After generally calibration, the instrument parameters was setting as
follows: 120 kV, 250 mA, 40 cm FOV, 120 cm bed height, 1 mm slice thickness, and 512 × 512 matrix.
Scans generally extended from the last thoracic vertebrae (T12) to the sacrum (S1) and six slices of
T12/L1, L1/L2, L2/L3, L3/L4, L4/L5 and L5/S1 vertebral interface used as anatomic markers. Visceral fat
area (VFA) and total fat area (TFA) at each level were obtained, respectively, and the subcutaneous fat
area (SFA) was calculated using the following equation: SFA = TFA -VFA.[19] These measurements and
analysis were performed by a radiologist blinded to patient information.

Enzyme-Linked Immunosorbent Assay (ELISA) to Detect the Adiponectin in Plasma

Blood samples of 25 NDMM patients were collected to detect the baseline levels of total adiponectin.
Plasma samples from 17 healthy people were used as normal controls which collected from the rest of
their routine blood test. Adiponectin was measured using Human ELISA kit (Abcam Inc. Burlingame, CA)
in accordance with the manufacturer’s protocol. First, within 4 hours of collection, EDTA-anticoagulated
blood was centrifuged at 1000g for 15 minutes. The separated plasma was centrifuged again at
10,000×g for 10 minutes at 4 °C to obtain platelet-poor plasma, which was then aliquotted and stored at
-80 °C until testing. All samples were analysed in duplicate. Concentrations greater than 25 pg/ml for
adiponectin were detectable. The color intensity was measured at 450 nm using a microplate reader (Bio-
Rad, Berkeley, CA, USA), and the resulting data were analysed using CurveExpert 1.4. The personnel who
performed the Elisa assays were blinded to the samples’ clinical backgrounds

Statistical Analysis

The body mass index (BMI) was de�ned as the individual’s body weight in kilograms divided by height
squared in meters (kg/m2). The ratio of VFA/SFA was calculated to display the distribution of abdominal
fat. The median values and ranges are reported for continuous variables, and proportions are reported for
categorical variables. Shapiro-Wilk tests were used to estimate the normality of the distribution of the
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parameters. Variables with a normal distribution were then analyzed with a two-sided t test. None of the
values of fat area followed a normal distribution. The comparison of NDMM and healthy people were
conducted by Mann-Whitney U nonparametric tests. To analyze the association between baseline
characteristics and abdominal fat compartment, Mann-Whitney U nonparametric tests were conducted
for sex, DS stage, adverse cytogenetics and chemotherapy response with fat components. The correlation
of fat area and continuously quantities like age, height, weight, BMI, BM stage, LDH were analyzed by
Spearman test. All procedures were performed using a statistical package (SPSS 16.0, SPSS, Inc.,
Chicago, IL), with P < 0.05 regarded as signi�cant.

Results
Abdominal fat of NDMM patients

NDMM patients had lager fat area of TFA (L4/L5, L5/S1), VFA (L4/L5, L5/S1) and SFA (T12/L1, L1/L2,
L2/L3, L4/L5, L5/S1) than healthy people. The characters and values of fat area were shown in Table 1.
We presented the fat distribution as VFA/SFA and found no signi�cant difference between NDMM and
healthy people.

Baseline characteristics

No correlation of parameters of body fat compartment and established factors for baseline charateristics
(DS stages, monoclonal protein, LDH, hemoglobin, Creatinine, calcium light chain in urine and β2
microglobulin) were found. Regarding bone marrow (BM) plasma cells measured by �ow cytometry, a
reciprocal correlation was found with the SFA (L2/L3, p=0.018, r=-0.398), while positive correlation with
VFA/SFA (T12/L1, p=0.047, r=0.338; L2/L3, p=0.039, r=0.351), visualized in Figure 2.

Adverse cytogenetics

A positive correlation was observed between adverse cytogenetic and VFA of the abdomen. The explored
high risk cytogenetic of gain 1q21 (p=0.044) correlated with more VFA in slice of L4-L5 as shown in Table
3. Analysis of adipose tissue parameters and other adverse cytogenetics, consisting of Del 17p13
(n=11/36), Del 13q14 (n=10/36), T(14;16) (4/36), T(4;14) (7/36) and T(14/11) (n=4/36), showed no
signi�cant correlation.

Treatment response

As Figure 1 shown, 21 patients completed 8 cycles of chemotherapy. Above all, 7 patients achieved a
VGPR or better and 9 patients showed a PR. The Overall treatment response (ORR) was de�ned as PR or
better (n=16). Table 4 summarizes analysis of abdominal fat compartment and treatment response. ORR
was negatively correlated to SFA of L4/L5 (p=0.025) and L5/S1 (p=0.044). Responders thus had a lower
median SFA of the L4/L5 (169.97 cm2) and L5/S1 (185.91 cm2) than non-responders (262.19 cm2 and
300.09 cm2, respectively). The ration of VFA/SFA (L4/L5) was also showed a statistical signi�cant effect
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on treatment response (p=0.002). The small samples of this study remains as a limitation towards
conducting further multivariate analysis.

Levels of adiponectin in plasma

Plasma level of adiponectin from NDMM and healthy people was measured by Elisa. As indicated in
Figure 3, plasma adiponectin (1147.40pg/ml vs. 2077.10pg/ml, p=0.0368) level was signi�cantly lower in
NDMM group than in the healthy people group.

Discussion
With the current study we demonstrated that TFA and VFA of two intervertebral slices (L4/L5, L5/S1) were
excessive, whereas levels of adiponectin in plasma was lower, in NDMM patients compared to BMI-
matched healthy people. Moreover, we observed excessive SFA (L2/L3) and low ratio of VFA/SFA
(T12/L1 and L2/L3) correlated with low levels of bone marrow plasma cells. In addition, an association
of VFA (L4/L5) and the presence of a high-risk cytogenetic abnormality (Gain 1q21), while large SFA of
the L4/L5 and L5/S1 were signi�cantly associated with poor treatment response, which predicted poor
prognosis of NDMM. Limitations of our pilot study include the small number of patients, single
institution, and retrospective design.

To our knowledge, this study, for the �rst time, compared fat compartment assessed using CT scan
between NDMM patients and healthy people. Based on the database containing abdominal fat
compartment of healthy people from our radiology department, we found NDMM patients had higher
abdominal fat, especially SFA, while had the similar compartment of VFA and SFA compared with BMI
matched healthy population. One potential reason conferring excess fat content in NDMM patients is the
obese people had higher risk in developing cancers. [3] Meta analysis of prospective studies reported the
risk of MM was statistically signi�cantly elevated among subjects categorized as overweight or obese.
[20] Furthermore, the involuntary weight loss before MM diagnosed, which the loss of skeletal muscle and
gain of adipose tissue occurred simultaneous,[21] may also result in excessive TFA, VFA and SFA in
NDMM patients. Patients in our cohort had commonly normal weight, but they often harbored occult,
severe preexisting fat excess. Diagnostic CT imaging provides additional important insight of intra-
abdominal fat via measurements of SFA and VFA, especially for patients who are not overweight or obese
in appearance and who may be normal weight, thin, or wasted.

Patients with excessive subcutaneous fat tissue (L2/L3) and low ratio of VFA/SFA (T12/L1 and L2/L3)
correlated with low levels of baseline plasma cells in BM (Fig 2). As energy storage was the main
functions of subcutaneous adipose tissue, low volume of SFA re�ects the severe energy exhaustion
caused by myeloma cells, indicating the advanced stage of the disease.[22] The adipose atrophy of
cancer patients may caused by fat oxidation, decreased lipogenesis, impaired lipid depositionand
adipogenesis, and browning of white adipose tissue. In�ammatory cytokines including interleukin-6 (IL-6),
tumor necrosis factor alpha (TNF-α), and interleukin-1 beta (IL-1β) produced by the tumor and host cells
may direct contribute to lipolysis.[23] However, the pattern of loss has been incompletely characterized.
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CT image analysis of recently diagnosed solid tumor patients with cachexia revealed that patients were
losing visceral fat more than subcutaneous fat.[24] Since we found the ratio of visceral to subcutaneous
positive correlated to plasma cells in BM of newly diagnosed MM patients, further studies of clinics and
experimental models are warranted examining the changes of compartment of abdominal fat in MM
patients.

Besides the observed link between fat compartments and tumor load, we observed a correlation of
excessive SFA with worse treatment response. Gonzalez C et al reported that nuclear factor-κB p65 (NF-
κBp65) and expressions of its pro-In�ammatory target genes (IL-1β, IL-6, INF-γ, TNF-α, MCP-1) were up
regulated in the subcutaneous adipose tissue of cachectic cancer patients.[25] Previous studies had
demonstrated strong IL-6R expression of baseline is associated with poor response to thalidomide in MM
patients.[26] The proteasome inhibitor bortezomib treated MM patients by addiction to NF-κB-induced
survival signals in differentiated plasma cells.[27] The relationship between in�ammatory cytokines and
treatment response of bortezomib remains unelucidated. Due to the small number of enrolled patients,
we put together an analysis of MM patients treated with bortezomib and thalidomide. The subgroup
analysis based on chemotherapy regiments and multivariate analyses to various factors were needed to
elucidated the direct effects of subcutaneous fat on treatment response of MM patients.

For all high-risk cytogenetic abnormalities, gain1q21 had a positive correlation with VFA (L4-L5) in our
analysis, while Maximilian group reported less VFA associated with cytogenetic abnormalities t(4;14) and
gain1q21.[15] We had claimed MM patients had excessive visceral adipose tissue (L4/L5 and L5/S1)
compared with healthy people, which suggested VFA might correlated with disease. Otherwise, Joyc et al
detected fat metabolic activity by FDG-PET/CT and found patients with recently diagnosed MM had
higher visceral tissue metabolic activity compared to patients with MGUS.[28] Visceral adipose tissue
appears to be different metabolic and endocrine contributor than subcutaneous adipose tissue that was
associated with obesity and cancer.[29] Increased visceral adipose tissue with active metabolism leads to
increased circulation of a number of bioactive compounds such as IL-6, TNF-α, leptin and insulin-like
growth factor-1 (IGF-1). [29, 30] Binding of these compounds to their respective receptors on tumour cells
activated signalling pathways including the phosphatidylinositol 3-kinase (PI3K), mitogen activated
protein kinase (MAPK), signal transducer and activator of transcription 3 (STAT3) and IkB kinase (IKK)
pathways and leads to increased cell survival and proliferation thus promoting tumour progression.[31,
32]

In summary, we had stated for the �rst time a differentiation of abdominal fat distribution between
NDMM and healthy people. We also demonstrated the subcutaneous fat correlated with tumor burden
and poor treatment response, while visceral fat to high risk cytogenetic. The CT scan of adipose tissue
measurement at the baseline might have prognostic implications and application for clinics should be on
the basis of large-scale clinical trials.

Tables
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Table 1. Demographics and fat distribution of MM patients and healthy people
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  MM patients

(N=36)

Healthy donor

(N=72)

P value

Age, year 62(27-74) 59(27-82) 0.420

Sex, male/female 15/21 34/38 0.586

BMI, kg/m2 24.02(19.75-30.12) 25.14(18.03-30.84) 0.211

Height, m 1.66(1.48-1.8) 1.68(1.44-1.73) 0.173

Weight, kg 64(46.5-82) 65(45-100) 0.514

TFA, cm2      

  T12-L1 238.78±83.37 217.76±82.50 0.447

  L1-L2 279.08±83.09 237.08±83.91 0.062

  L2-L3 307.17±80.63 276.67±93.26 0.132

  L3-L4 306.21±82.66 291.74±110.33 0.442

  L4-L5 328.03±86.51 262.14±76.22 0.001

  L5-S1 328.66±96.57 262.94±78.80 0.001

VFA, cm2      

  T12-L1 152.78±72.57 148.28±71.90 0.945

  L1-L2 179.95±68.04 154.08±69.91 0.418

  L2-L3 175.52±63.01 166.45±69.53 0.755

  L3-L4 149.56±59.55 143.08±52.41 0.732

  L4-L5 142.95±42.26 110.27±31.79 0.002

  L5-S1 134.40±36.32 101.39±26.60 0.000

SFA, cm2      

  T12-L1 86.00±34.35 69.48±35.95 0.026

  L1-L2 108.11±44.43 83.01±36.16 0.014

  L2-L3 131.65±47.55 110.21±44.29 0.028

  L3-L4 156.65±67.73 148.66±76.02 0.314

  L4-L5 185.08±69.09 151.87±61.14 0.025

  L5-S1 194.25±81.52 160.56±68.87 0.049

VFA/SFA      
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  T12-L1 1.58(0.37-6.59) 2.14(0.52-6.14) 0.191

  L1-L2 1.60(0.44-4.14) 2.03(0.48-4.68) 0.413

  L2-L3 1.45(0.54-3.77) 1.46(0.62-5.38) 0.588

  L3-L4 1.05(0.01-2.41) 1.00(0.53-2.57) 0.931

  L4-L5 0.79(0.35-2.36) 0.77(0.31-2.03) 0.579

  L5-S1 0.74(0.29-1.94) 0.68(0.23-1.99) 0.338

The Age, BMI, Height, Weight and V/S were shown as median (range). The value of TFA, VFA and SFA
were shown as mean±SD. BMI, Body Mass Index; TFA, Total Fat Area; VFA, Visceral Fat Area; SFA,
Subcutaneous Fat Area; T, thoracic vertebra; L, lumbar vertebra; S, sacral vertebra.

 

Table 2. Baseline characteristics of involved MM patients
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  MM patients (n=36)

Plasma cells in BM, % 19(0-96)

Hemoglobin, g/L 114(48-156)

Serum creatinine, umol/L 71(31-444)

Serum calcium after correction, mmol/L 2.36(1.8-3.53)

Lactate dehydrogenase, LDH, IU/L 160(98-388)

Light chain in urine, g/24h 0.35(0-33.4)

Serum β2 microglobulin, mg/L 3(2-12.65)

DS stage, I/II/III 1/0/34

Cholesterol, mmol/L 4.18(1.4-8.23)

Triglycerides, mmol/L 1.34(0.38-3.77)

High-density lipoprotein, mmol/L 1.21(0.7-2.33)

Low-density lipoprotein, mmol/L 2.38(0.49-4.68)

Fasting glucose,mg/dL 5.6(3.9-8.9)

Adverse cytogenetics  

  Del 17p13 11 (30.6%)

  Del 13q14 10 (27.8%)

  Gain 1q21 5 (13.9%)

  T(14;16) 4 (11.1%)

  T(4;14) 7 (19.4%)

  T(11;14) 4 (11.1%)

Data was shown as median (range) and number (percentage). BM, bone marrow; DS, Durie-Salmon; Del,
delet; T, translocation.

 

Table 3. Mean of adipose tissue values which statistically signi�cant to the presence of baseline
cytogenetic abnormalities.
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  Absent of Gain 1q21

(N=31)

Present of Gain 1q21

(N=5)

P value

VFA·L4-L5, cm2 127.20 167.96 0.044

VFA, Visceral Fat Area; L, lumbar vertebra.

 

Table 4. Mean of adipose tissue values which statistically signi�cant to the overall response post 8
cycles of chemotherapy.

  Overall response (N=16) No response

 (N=5)

P value

SFA·L4-L5, cm2 169.97 262.19 0.025

SFA·L5-S1, cm2 185.91 300.09 0.044

VFA/SFA·L4/L5 0.78 0.53 0.020

VFA, Visceral Fat Area; SFA, Subcutaneous Fat Area; L, lumbar vertebra; S, sacral vertebra.
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Figure 1

Patient disposition.
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Figure 2

Correlation of percentage of plasma cells in BM and SFA (L2-L3) (r=-0.398, p<0.05) (A), VFA/SFA (T12-L1)
(r=0.338, p<0.05) (B), VFA/SFA (L2-L3) (r=0.335, p<0.05) (C).
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Figure 3

Adiponectin levels in plasma, as measured by Elisa assay. The NDMM patients exhibited signi�cantly
decreased plasma levels of adiponectin compared with healthy people.


