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Purpose Fluorodeoxyglucose (FDG) uptake of bone marrow (BM) and adipose tissue is known
to reflect systemic inflammatory response to cancer cell. The objective of this study was to
evaluate the prognostic value of F-18 FDG uptake of BM and determine characteristics of viscer-
al adipose tissue (VAT) and subcutaneous adipose tissue (SAT) on PET/CT images in malignant
melanoma.

Materials and Methods We retrospectively reviewed 33 patients histopathologically diag-
nosed with malignant melanoma via FDG PET/CT staging. BM-to-liver uptake ratio (BLR), vol-
ume of VAT and SAT, CT Hounsfield unit (HU), and mean of standardized uptake value (SU-
Vmean) of VAT and SAT on PET/CT were measured and prognostic values of these parameters
for prediction of disease progression-free survival (DPFS) were evaluated.

Results Patients with stage IlI-IV melanoma had higher CT HU and SUVmean for SAT and VAT
but lower volume of VAT compared with patients at stage |-l (p < 0.05). Survival analysis, pa-
tients with high CT HU of VAT and SAT, high SUVmean of VAT and SAT, and high BLR showed
worse DPFS (all p < 0.05), indicating significant association. However, volume of SAT or VAT
failed to show significant association with DPFS (p > 0.05).

Conclusion CT HU, SUVmean of SAT and VAT, and BLR provide prognostic information for DPFS
in malignant melanoma.
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INTRODUCTION

Malignant melanoma, one of the most lethal malignancies in humans, is responsible for
60-80% of deaths caused by skin cancers (1). It originate from pigment producing cells
known as melanocytes that are mainly found in the skin, although they are also found in the
ear, gastrointestinal tract, eye, oral and genital mucosa, and leptomeninges (2). Because the
prognosis of melanoma depends on the the presence and extent of metastatic lesions as well
as histology of the primary tumor, imaging studies using radiographic and nuclear medicine
techniques are important in evaluating malignant melanoma (3).

Recently, a number of studies have reported that inflammation is associated with the initi-
ation and progression of cancer (4-6). Several studies have shown that serum markers of sys-
temic inflammatory response such as C-reactive protein (CRP) and neutrophil-to-lymphocyte
ratio (NLR) are correlated with the prognosis of patients with various carcinomas (4-6). Fur-
thermore, in obese subjects, adipocytes secrete adipokines and proinflammatory cytokines
that induce tumor formation in the tumor microenvironment (7). Therefore, obesity can
cause low-grade chronic systemic inflammation known to be associated with carcinogenesis
and clinical outcomes of various carcinomas (8-10). Although the degree of standardized up-
take value (SUV) of bone marrow (BM) might be affected by the presence of micrometastasis
of cancer cells and red BM hyperplasia, SUV of BM mainly reflects glucose metabolism in im-
mune cells, and increased SUV of BM in patients with malignancy is attributed to systemic in-
flammatory response to cancer (11-13). Furthermore, CT Hounsfield unit (HU) and SUV of ad-
ipose tissue are correlated with immune reaction in adipose tissue and clinical outcomes (14).

Considering that the prognosis of malignant melanoma has significant associations with
systemic inflammatory response (15, 16) and obesity (17-19), imaging parameters of BM and
adipose tissue on PET/CT might have prognostic significance in patients with malignant mel-
anoma. Although fluorodeoxyglucose (FDG) PET/CT has long been used for staging, assess-
ment of treatment response, and prognosis of malignant melanoma (20-22), no studies have
evaluated the association of clinical prognostic outcomes with PET/CT parameters of BM and
adipose tissue using FDG PET/CT. Therefore, the objective of this study was to determine the
association of SUV of BM and PET/CT parameters of subcutaneous adipose tissue (SAT) and
visceral adipose tissue (VAT) (including volume of SAT and VAT, CT HU and SUV of SAT and
VAT) with disease progression-free survival (DPFS) in patients with malignant melanoma.

MATERIALS AND METHODS

SUBJECTS

This study was approved by the Institutional Review Board of our medical center, and the
requirement to obtain informed consent was waived by the board due to its retrospective na-
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ture (IRB No. 2019-02-012). We retrospectively reviewed medical records of all patients diag-
nosed with malignant melanoma in our institution. A total of 33 patients who were histopath-
ologically diagnosed with malignant melanoma and staged with FDG PET/CT were enrolled
in the present study. Exclusion criteria were: 1) patients who had received only supportive
care without any curative or palliative treatment after staging, 2) those who had a history of
other malignancies or BM disease, 3) those who had a history of major abdominal surgery
which affected abdominal fat distribution, and 4) those who had active systemic inflammato-
ry or infectious disease at the time of PET/CT scanning. All patients included in this study
underwent blood tests, chest CT, bone scintigraphy, FDG PET/CT, and MRI before the start of
treatment. Staging for malignant melanoma was based on the 7th edition of the American Joint
Committee on Cancer TNM Staging System Guideline. Clinico-demographic data and clinical
outcome results were retrospectively reviewed from medical records of enrolled patients.
Body mass index (BMI) was calculated for each patient based on the height and body weight
of the patient at the time of diagnosis.

FDG PET/CT

All subjects were fasted for at least 8 hours prior to intravenous injection of FDG. Prior to
FDG injection, blood glucose levels were evaluated to determine if blood glucose level was <
200 mg/dL. PET/CT images were obtained from the skull to the proximal thigh using a dedi-
cated scanner (Biograph mCT 128; Siemens Healthcare, Knoxville, TN, USA) within 1 hour af-
ter FDG injection (4.07 MBq/kg). Initially, CT scan for HU correction was performed without
contrast enhancement using a standard protocol: 65 mAs, 120 kVp, automatic dose modula-
tion, 1.0 mm pitch, 5 mm slice thickness. Afterwards, PET scanning was performed for 1.5
minutes per bed position in three-dimensional acquisition mode. PET images were recon-
structed using maximization of ordered-subset expectations algorithm aligned with time-of-
flight mode and HU correction.

PET/CT IMAGE ANALYSIS
All PET/CT images were retrospectively evaluated using the US Food and Drug Administra-

tion approved DICOM viewer of Osirix MD software (Pixmeo, Bernex, Switzerland) according
to the method described in previous studies (23). SUV was calculated based on the patient’s
body weight. Volume of interest (VOI) was drawn for the primary tumor and the highest SUV
of the primary tumor (SUVtumor) was measured. Afterwards, adipose tissue parameters (vol-
ume, CT HU, and mean SUV of SAT and VAT) and SUV of BM were measured. VAT and SAT
volumes in CT images were measured with three consecutive slices at the level of 1L4/L5 in-
tervertebral space. Adipose tissue was defined as areas with CT HU ranging from -200 to -50
in CT images. The volume and CT HU were automatically calculated in units of cm® and HU,
respectively. SAT was defined as extraperitoneal fat tissue between skin and muscle while
VAT was defined as intraabdominal fat tissue. SUVmean of both SAT and VAT were calculated
from PET images using the same areas of the adipose tissue on CT images. For measuring
the SUV of adipose tissue, SUVmean was calculated after removing physiologic uptake in
bowel, urine. An example of the measurement is shown in Fig. 1.

SUV of BM was measured by plotting VOI on vertebral bodies of at least five vertebrae from
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thoracic and lumbar spines (Fig. 2). For measuring an average SUV of each drawn VOI, an
automatic isocontour set at 75% of the maximum SUV was used. This 75% cut-off value has
shown good reproducibility between subjects for measuring SUV of BM (11). The average of
each SUV obtained from five vertebrae was calculated and defined as SUVmean of BM (BM
SUVmean). We then calculated the SUV of normal liver tissue to measure BM-to-liver uptake
ratio (BLR) of SUV. The SUVmean in the normal liver was measured by drawing three 1 cm-
sized VOIs in the liver, two from the right lobe and one from the two left lobes. BLR was then
calculated using the BM SUVmean and SUVmean of the liver SUV.

STATISTICAL ANALYSIS

The Mann-Whitney U test was performed to compare variables between groups. The
Spearman’s rank correlation was performed to evaluate correlations of BM SUVmean, BLR,

and adipose tissue parameters with serum inflammatory markers, including serum CRP lev-

Fig. 1. Example of measurement of adipose tissue.

A, B. On consecutive transaxial CT images at L3/L4 level. The area of adipose tissue was automatically com-
puted using a CT attenuation range from -50 to -200 HU.

C, D. Within the areas of adipose tissue on the 3 images, the volume and mean HU were automatically cal-
culated.

E, F. The areas of adipose tissue on the 3 CT images were then exported to the corresponding fluorodeoxy-
glucose PET/CT images.

HU =Hounsfield unit
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Fig. 2. Example of measurement of
bone marrow. Maximum intensity pro-
jection (A), sagittal PET (B), and sagit-
tal fused PET/CT images of FDG PET/
CT (C). Spheroid-shaped five VOIs were
drawn in vertebral bodies of thoracic
and lumbar spines, and the average
SUV of those VOIs was calculated. Pri-
mary malignant lesion was located left
toe (arrow).

FDG =fluorodeoxyglucose, SUV = stan-
dardized uptake value, VOI = volume
of interest

el and NLR, SUVtumor. For survival analysis, continuous variables were classified into two
groups with specific cut-off values determined by receiver operating characteristic (ROC)
curve analysis. The Kaplan-Meier analysis with log-rank test was used to compare DPFS of
variables. Fisher’s exact test was performed to evaluate the differences in recurrence rate ac-
cording to stage and SUVmean of adipose tissue. All statistical analyses were performed us-
ing MedCalc version 17.5.3 (MedCalc Software bvba, Ostend, Belgium). A p-value < 0.05 was
considered statistically significant.

RESULTS

PATIENT CHARACTERISTICS

A total of 33 patients with malignant melanoma were enrolled in this study. Characteristics
of enrolled patients are summarized in Table 1. The most common site of primary tumor lo-
cation was the extremity (13/33, 39.4%). The majority of T, N, and M stages were T4 (15 pa-
tients), NO (26 patients), and MO (30 patients). Sixteen (48.5%) enrolled patients underwent
excisional biopsy before FDG PET/CT scan. SUVtumor was measured for the remaining 17
(51.5%) patients. Its median value was 7.30 (range 0.91-13.69). The median follow-up period
of these enrolled patients was 14.7 months (range, 3.9-67.7 months). During the follow-up
period, 8 (24.24%) patients experienced disease progression.

CORRELATION OF PET/CT PARAMETERS WITH STAGE AND SERUM
INFLAMMATORY MARKERS

SUVmean of BM and adipose tissue parameters were compared between patients with
stages I-IT and stages ITI-IV to evaluate the relationship between BM and adipose tissue pa-
rameters and stage. For adipose tissue parameters of PET/CT, patients with stages III-IV
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Table 1. Clinical Characteristics of Enrolled Patients (n =33)
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Characteristics No. of Patients (%)

Median (Range)

Age, years
Sex
Female 14 (42)
Male 19 (58)
Location
Extremity 13 (39.4)
Body 11(33.3)
Others 9(27.3)
T stage
T1 5
T2 T
T3 6
T4 15(45.5
N stage
NO 26 (
N1 3
N2 0(0.00)
N3 4(
M stage
MO 30(90.9)
M1 5(15.1)
TNM stage
Stage I-1I 26 (78.8)
Stage llI-IV 7(21.2)
BMI, kg/m?
WBC, X 10% cells/L
Hemoglobin, g/dL
NLR
CRP, mg/L
LDH, IU/L
SUVtumor*
BM SUVmean
BLR
SAT
Volume, cm?®
SUVmean
HU
VAT
Voume, cm?
SUVmean
HU
Treatment
Operation 28 (84.9)
Radiation therapy 2(6.1)
Target therapy 3(9.1)

69 (60-75)

24.91 (14.61-32.87)
6.04 (4.25-14.17)

13.40 (8.40-17.70)
1.97 (0.86-6.25)
1.16 (0.07-70.90)

179.50 (102.00-437.00)
7.30 (2.89-24.00)
1.70 (1.18-2.50)
0.73(0.48-1.34)

68.28 (2.07-156.26)
0.35(0.25-0.53)
-100.85 (-109.39--62.47)

42.74 (1.38-113.06)
0.70 (0.49-1.38)
-94.60 (-108.43--78.14)

*Measured in 17 patients.

BLR = BM-to-liver uptake ratio, BM = bone marrow, BMI = body mass index, CRP = C-reactive protein, HU =
Hounsfield unit, LDH = lactate dehydrogenase, NLR = neutrophil-to-lymphocyte ratio, SAT = subcutaneous
adipose tissue, SUVmean = mean of standardized uptake value, SUVtumor = maximum fluorodeoxyglucose
uptake of primary tumor, VAT = visceral adipose tissue, WBC = white blood cell
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showed higher HU of SAT (-87.55 vs. -102.51, p = 0.002) and VAT (-89.58 vs. -98.99, p = 0.006),
higher SUVmean of SAT (0.42 vs. 0.33, p = 0.021) and VAT (0.79 vs. 0.68, p = 0.012), but lower
volume of VAT (20.39 vs. 48.10, p = 0.004) than those with stages I-I1. For BM parameters, both
BM SUVmean (1.72 vs. 1.60) and BLR (0.74 vs. 0.72) showed no significant differences be-
tween the two groups (both p > 0.05).

Relationships of BM SUVmean, BLR, and adipose tissue parameters with serum inflamma-
tory markers including CRP and NLR in enrolled patients were investigated. BLR had signifi-
cant positive correlation with serum CRP level (p = 0.049; r = 0.368). However, it had no signif-
icant correlation with NLR (p > 0.05). BM SUVmean or adipose tissue parameters showed no
significant correlation with serum CRP level or NLR (p > 0.05).

In correlation analysis of parameters of adipose tissue and BM with SUVtumor, none of the
CT HU and SUVmean of adipose tissue parameters, BM SUVmean, and BLR showed signifi-
cant association with SUVtumor (p > 0.05).

SURVIVAL ANALYSIS FOR DPFS

Predictive values of clinical factors and FDG PET/CT parameters for DPFS were assessed.
Using ROC curve analysis, optimal cut-off values for NLR, CRP, BM SUVmean, BLR, SAT vol-
ume, SAT SUVmean, VAT volume, VAT SUVmean, SAT HU, and VAT HU were determined to
be 2.5, 5 mg/dL, 1.73, 0.63, 90.00 cm?, 0.30, 23.65 cm?, 0.75, -102.15, and -100.00, respectively.
On survival analysis with log-rank test, SUVmean of SAT and VAT, CT HU of SAT and VAT,
BLR, and TNM stage were significant predictors for DPFS (all p < 0.05, Table 2). Patients with
low SUVmean and HU of adipose tissue and low BLR had significantly better DPFS that those
with high SUVmean and HU of adipose tissue and high BLR (Fig. 3). On the other hand, BMI,
location of lesion, BM SUVmean, NLR, SAT volume, and VAT volume had no significant associ-
ations with DPFS (all p > 0.05) while serum CRP level showed marginal significance (p = 0.050).
Analysis based on BMI 25 in adipose tissue volume and DPFS, all groups with BMI greater
than or less than 25 had no significant associations with DPFS (p > 0.05).

We further evaluated the recurrence rates according to the combination of stage and SUVmean
of adipose tissue (Table 3). The recurrence rates of patients with stage III-IV and high SUV
mean of adipose tissue were up to 50-60%. In contrast, recurrence rates of those with low
SUVmean were 0.0-15.79% irrespective of stage, although there were no statistical significant
differences (p > 0.05).

DISCUSSION

In the present study, we evaluated the prognostic value of SUVmean of BM and HU and SUV
mean of SAT and VAT in patients with malignant melanoma to evaluate whether the degree
of inflammatory reaction in BM and adipose tissue had significant associations with clinical
outcomes. Our study revealed significant correlation between DPFS and adipose tissue pa-
rameters, tumor stage, and BLR. This finding suggests that inflammatory reaction in BM and
adipose tissue has significant correlation with tumor characteristics and clinical prognosis in
malignant melanoma patients.

SUVmean of BM reflecting the activation of BM has shown significant positive correlation
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Table 2. Univariate Analysis of Disease Progression-Free Survival

Variables p-Value
Location (extremity vs. body vs. others) 0.579
BMI (25 kg/m?) 0.311
NLR (<2.50 vs. = 2.50) 0.863
CRP (<5.00 mg/dL vs. = 5.00 mg/dL) 0.050
BM SUVmean (< 1.73vs. = 1.73) 0.223
BLR (<0.63vs. = 0.63) 0.033
Volume of SAT (<90.00 cm?vs. = 90.00 cm?) 0.151
SUVmean of SAT (< 0.30 vs. = 0.30) 0.038
HU of SAT (<-102.15vs. = -102.15) 0.010
Volume of VAT (< 23.65 cm?® vs. = 23.65 cm?) 0.214
SUVmean of VAT (<0.75vs. = 0.75) 0.041
HU of VAT (<-100.00 vs. = -100.00) 0.045
TNM stage (stage I-Il vs. stage I1-1V) 0.033
T stage (1-2 vs. 3-4) 0.911
N stage (O vs. 1) 0.347
M stage (0 vs. 1) 0.297

BLR = BM-to-liver uptake ratio, BM = bone marrow, BMI = body mass index, CRP = C-reactive protein, HU =
Hounsfield unit, NLR = neutrophil-to-lymphocyte ratio, SAT = subcutaneous adipose tissue, SUVmean =
mean of standardized uptake value, VAT = visceral adipose tissue

with serum inflammatory markers (24, 25). Similarly, patients with lung cancer without BM
metastasis showed higher SUVmean of BM than those with benign lung nodules (26). Fur-
thermore, previous studies reported that BM uptake of FDG in patients with various malig-
nancies can be used to predict prognosis, suggesting worse clinical outcomes in patients
with high BM uptake (11-13). The present study also indicated that among patients with ma-
lignant melanoma, patients with high BLR on staging FDG PET/CT were at high risk of dis-
ease progression, supporting the hypothesis that systemic inflammatory response might play
an important role in cancer progression (12).

Dysfunction of adipose tissue can trigger inflammatory cytokine secretion that affects sys-
temic inflammatory response in the host and carcinogenesis eventually (27). CT HU of adi-
pose tissue measured by non-enhanced CT reflects the quality of adipose tissue such as in-
flammatory and fibrotic changes. It is significantly associated with survival and prognosis of
patients with malignant disease (28, 29). In a previous study on non-human species, in-
creased CT HU of adipose tissue has been found to be low along with lipid content change
and fibrotic change (30). These changes in adipocytes and adipose microenvironment might
promote tumor growth (30). Previous studies have shown that CT HU of adipose tissue is as-
sociated with the inflammatory status of adipose tissue. It can be used as an indicator of adi-
pose tissue dysfunction (23, 30). Several studies have also reported positive association be-
tween the HU of fat tissue and prognosis in variable diseases including pancreatic cancer
and sarcoma (28, 31). Similarly, our study showed significant association between HU of fat
tissue and prognosis.

Previous study demonstrated that SUV of the tumor and SUVmean of the adipose are in-
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Fig. 3. Kaplan-Meier curves for distant progression-free survival according to different parameters: BLR (A),
SUV of VAT (B), SUV of SAT (C), HU of VAT (D), HU of SAT (E), and stage (F).

BLR = bone marrow-to-liver uptake ratio, SAT = subcutaneous adipose tissue, SUV = standardized uptake
value, HU = Hounsfield unit, VAT = visceral adipose tissue
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Table 3. Recurrence Rates According to Staging and Fluorodeoxyglucose Uptake of Adipose Tissue

Stage Stage |, Il Stage lll, IV
SUVmean of SAT <0.30 1/7(14.29) 0/1(0)
SUVmean of SAT = 0.30 4/19 (21.05) 3/6 (50)
p-Value >0.99 >0.99
SUVmean of VAT <0.75 3/19 (15.79) 0/2(0)
SUVmean of VAT = 0.75 2/7(28.57) 3/5 (60)
p-Value 0.588 0.429

SAT = subcutaneous adipose tissue, SUVmean = mean of standardized uptake value, VAT = visceral adipose
tissue
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versely proportional in patients with pancreatic cancer (14). The study speculated that this
finding may be due to decreased fatty acid uptake and lipoprotein catabolism of adipose tis-
sue caused by lipoprotein lipase inhibiting substances secreted by tumor cells (14). In con-
trast, recent studies have reported contradictory results in colorectal cancer and pancreatic
cancer (29, 32). Patients with higher CT HU and SUVmean in adipose tissue had significantly
lower survival rate and prognosis than patients with lower values. In the present study, SU-
Vmean of adipose tissue in malignant melanoma was also inversely proportional to DPFS.
This might be due to the association of SUV and inflammatory change in adipose tissue as
described above (23, 30). Along with CRP and adipose tissue parameters, CRP, a serum in-
flammatory marker, also showed marginal significance in predicting prognosis of patients
with malignant melanoma in the present study.

Previous studies reported that obesity was a risk factor for melanoma (19). Inflammatory
adipokines and leptin secreted by adipocytes can promote melanoma progression in mice
(33). Elevated leptin levels can predict melanoma outside lymph node metastasis (34). Fang et
al. (18) have shown that elevated BMI is associated with a risk of disease progression in mela-
noma. However, BMI cannot represent total body adipose tissue amount because muscle
mass also contributes to BMI (35). Therefore, in this study, we measured volumes of SAT and
VAT separately and determined the prognostic value of them along with other adipose tissue
parameters. However, different from SUVmean and HU of adipose tissue, volumes of VAT
and SAT failed to showed significance for predicting DPFS. Qualitative characteristics of adi-
pose tissue rather than the amount of adipose tissue might affect the prognosis of patients
with malignant melanoma. Further study with more patients is needed to test this possibility.

NLR is also known to be related with systemic inflammatory response and survival in ma-
lignant melanoma (36). Nevertheless, NLR failed to show statistical significance in the pres-
ent study. Considering that serum CRP level had significant correlation with BLR and border-
line significance for predicting DPFS, serum CRP level might be more preferable serum
inflammatory marker in patients with malignant melanoma. However, because of the small
number of enrolled patients in the present study, further validation is warranted.

This study has several limitations. First, the total number of patients included in the study
was small, making it impossible to perform multivariate analysis. Secondly, because almost
half of the enrolled patients underwent excisional biopsy before PET/CT scan, the relation-
ship between SUV of melanoma and clinical outcome could not be assessed. Finally, because
this study retrospectively enrolled a small number of patients who had been referred to a
single institution, results need to be validated in a multi-center study with a large pool of
population.

In conclusion, CT HU, SUVmean of SAT and VAT, and BLR showed significant association
with DPFS. Patients with low HU and SUVmean of SAT and VAT and low BLR showed better
survival. Thus, qualitative characteristics of adipose tissue and SUVmean of BM facilitate the

prediction of the risk of disease progression in patients with malignant melanoma.
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