Eur J Nucl Med Mol Imaging (2011) 38:1046-1053
DOI 10.1007/s00259-011-1738-8

ORIGINAL ARTICLE

Value of '*F-fluorodeoxyglucose uptake in positron emission
tomography/computed tomography in predicting survival

in multiple myeloma

Rauf Haznedar - Sahika Z. Ak - Ozgiir U. Akdemir -
Ziibeyde N. Ozkurt - Ozcan Ceneli - Miinci Yagci -
Gulsan T. Sucak - Mustafa Unlii

Received: 4 September 2010 / Accepted: 4 January 2011 /Published online: 2 February 2011

© Springer-Verlag 2011

Abstract
Purpose We assessed the role of the maximum standard-
ized uptake value (SUV,.x) of bone marrow and the
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extramedullary lesion with the highest SUV ., in positron
emission tomography/computed tomography (PET/CT) of
newly diagnosed multiple myeloma (MM) patients in
predicting overall survival (OS).

Methods A total of 61 newly diagnosed patients (55 MM
and 6 plasmacytoma) were enrolled in the study [37 men
and 24 women with a median age of 57 years (range 28—
80 years)]. The SUV,,.x of bone marrow and the extra-
medullary lesion in PET/CT was correlated with the levels
of (,-microglobulin, C-reactive protein (CRP), albumin,
creatinine, per cent of bone marrow plasma cells, serum
free light chain (FLC) ratio, International Staging System
(ISS) score and Durie-Salmon stage.

Results The extramedullary lesion with the highest SUV .«
showed significant correlation with bone marrow fluorodeox-
yglucose (FDG) uptake (p=0.027) and near significant
correlation with ISS (p=0.048). Bone marrow SUV, .,
correlated significantly with the per cent of bone marrow
plasma cell count (p=0.024), CRP (p=0.012) and ISS (p=
0.013). In stage III MM the mean values of SUV,,, in
extramedullary lesions were significantly higher than stages I
and IT (6.23+£6.32 vs 2.85+£3.44, p=0.023). The serum FLC
ratio did not show any correlation with SUV . of lesions and
bone marrow (p>0.05). Forty-four MM patients with FDG-
positive lesions in PET/CT showed inferior 5-year estimated
survival (61.73%) when compared to 11 patients without
FDG-positive lesions, all of whom were alive (p=0.01). In
multivariate analysis an extramedullary lesion with the highest
SUVmax Was the only independent predictor of OS (p=0.03).
Conclusion PET/CT allows identification of high-risk my-
eloma patients, and extramedullary lesions with the highest
SUV .ax independently predict inferior OS.
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Introduction

Multiple myeloma (MM) is a cancer of the plasma cells
which accounts for more than 10% of all haematological
malignancies [1]. MM is characterized by the proliferation
of a single clone of plasma cells derived from B cells in the
bone marrow and production of monoclonal immunoglo-
bulins. The diagnosis and staging of MM is based on
laboratory parameters, bone marrow biopsy and conven-
tional radiographs showing lytic bone lesions, osteoporosis
or pathological fractures [2, 3]. In MM patients imaging
modalities should serve to verify the extent of skeletal and
extraskeletal involvement, supply the information required
by the staging system, and assess stability of involved
bones and treatment response [4, 5]. As conventional
radiographs can significantly underestimate the extent of
bone and extramedullary involvement, more advanced
imaging modalities including computed tomography (CT),
whole-body scintigraphy and magnetic resonance imaging
(MRI) have been used to improve the detection of tumour
burden. However, these imaging methods may not be able
to differentiate treated lesions and viable tumour tissue. In
recent years, positron emission tomography (PET) has also
been used in MM imaging. A marked accumulation of '®F-
fluorodeoxyglucose (FDG) in the bone lesions of MM
patients with FDG PET imaging has been shown in case
reports [6—8]. Preliminary reports have shown that high
uptake of '"®F-FDG by tumour cells is associated with the
metabolic activity of the tumour in MM [9-11].

The aim of this study was to investigate the role of the
maximum standardized uptake value (SUV,.,) of bone
marrow and the extramedullary lesion with the highest
metabolic activity on PET/CT in predicting survival of
newly diagnosed myeloma patients.

Materials and methods
Patients

A total of 61 previously untreated, newly diagnosed
patients (55 MM and 6 plasmacytoma) were enrolled in
the study. The local Ethics Committee of our university
approved the study. The study group consisted of 37 men
and 24 women with a median age of 57 years (range 28—
80 years). The median follow-up time was 26 months
(range 1-211 months) starting from the date of diagnosis up
to January 2010 or when death occurred.

All eligible patients underwent staging workup for MM
consisting of whole blood count, routine biochemistry,

serum levels of (,-microglobulin, C-reactive protein
(CRP), serum and urinary immunofixation, complete
immunoglobulin and serum free light chain (FLC) concen-
trations, 24-h proteinuria, bone marrow aspirate and biopsy.
Conventional radiographic skeletal surveys of the skull,
ribs, spine, pelvis, humerus, femur, MRI of the vertebral
column and head to toe whole-body '*F-FDG PET/CT
scans were examined in all patients.

Patients were diagnosed as having MM or plasmacytoma
on the basis of the criteria defined by the International
Myeloma Working Group (IMWG) [2]. According to the
staging system of Durie and Salmon, 5 (9.1%) MM patients
had stage I disease, 6 (10.9%) stage II disease and 44 (80%)
stage III disease. Twelve of the patients had abnormal renal
function with serum creatinine values > 2.0 mg/dl. The light
chain component was kappa in 31 (56.4%) MM patients
and lambda in 24 (43.63%) MM patients. International
Staging System (ISS) values available for 52 patients were I
in 31 patients (50.8%), I in 11 (18%) and III in 10 (16.4%)
patients. Patient characteristics are shown in Table 1.
Thirty-six patients (59%) under 65 years of age who were
candidates for autologous stem cell transplantation (ASCT)
received an anthracycline-based VAD (vincristine, Adria-
mycin, dexamethasone) chemotherapy regimen according
to the policy of the national health insurance at the time of
diagnosis. Fifteen patients (24.6%) > 65 years of age, who

Table 1 Patient characteristics

Characteristic Value
Median age 57 years (range 28-80 years)
Gender (male/female) 37/24
Disease status

MM 55
Plasmacytoma 6

Type of myeloma

1gG 30 (54.5%)
IgA 10 (18.2%)
IgD 4 (7.3%)
Light chain 11 (20%)

Light chain component

Kappa 31 (56.4%)
Lambda 24 (43.63%)
Stage (Durie-Salmon)

1 5 (9.1%)

I 6 (10.9%)
I 44 (80%)
ISS

I 31 (50.8%)
I 11 (18%)
il 10 (16.4%)
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were not candidates for ASCT, received either melphalan-
prednisone or melphalan-prednisone-thalidomide as initial
treatment (ten with melphalan-prednisone and five with
melphalan-prednisone-thalidomide). Three patients (4.9%)
received bortezomib-dexamethasone, one patient (1.6%)
received thalidomide-dexamethasone and two patients
(3.3%) received radiotherapy as initial treatment according
to the individual condition of the patient. A total of 26
patients (42.6%) underwent high-dose chemotherapy and
haematopoietic stem cell transplantation (HSCT) during the
follow-up period (22 patients autologous, 3 allogeneic and
1 tandem allogeneic after autologous HSCT). Treatment
response was defined according to the European Group for
Blood and Marrow Transplantation criteria, introduced by
Bladé et al. [12]. After a median follow-up time of
26 months (range 1-211 months), disease status was
complete remission in 19 (31.1%), partial remission in 12
(19.7%), refractory or relapse in 11 (18%), less than partial
remission in 6 (9.8%) and death in 13 (21.3%) patients.
Enhanced '®F-FDG uptake in areas other than bone marrow
was interpreted as extramedullary myeloma.

PET/CT

All "®F-FDG PET/CT imagings were done according to the
standard protocol. Patients fasted for at least 6 h and their
pre-injection blood glucose levels were below 160 mg/dl.
Sixty minutes after the injection of '|F-FDG (dose
0.14 mCi/kg) imaging was started on a Discovery LS
PET/CT scanner (General Electric Medical Systems, Mil-
waukee, WI, USA). Intravenous contrast material was not
used. A real whole-body (head to toe) emission PET
scanning in 3-D mode (at 3 min/bed position) was done
following a low-dose (120 keV, 10-100 mAs) whole-body
CT that was principally used for attenuation correction
purposes. The acquired PET and CT images were displayed
as coregistered orthogonal slices (axial, coronal and
sagittal) with a slice thickness of 3.75 mm.

All "F-FDG PET/CT images were visually evaluated
and quantified by a single nuclear medicine physician. In
patients with more than one lesion with positive FDG
uptake, the lesion with the highest SUV .., was included in
the analysis. In the quantification of '*F-FDG uptake of
lesions SUV .« Was used. SUV ..« was calculated using the
following formula: tissue concentration (MBgq/g)/injected
dose (MBq)/body weight (g). For the quantitive evaluation
of bone marrow '®F-FDG uptake, the mean of bone marrow
SUVs (SUV amow) that was calculated under CT guided
anatomical reference from the third to fifth lumbar vertebral
corpuses using a cubical volume of interest (VOI) exclud-
ing the cortical bone was used. Other lumbar or thoracic
vertebrae were used if a focal lesion in one of these lumbar
vertebrae was observed (Figs. 1 and 2).
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Statistical methods

The statistical evaluation of the data was performed using
SPSS software for Windows V.11.5 (SPSS Inc., Chicago,
IL, USA). Differences between groups were analysed by
Student’s ¢ test. Relationships between variables were
evaluated with Pearson’s or Spearman’s correlation tests.
A value of p<0.05 was considered to represent a statisti-
cally significant difference. Survival analysis was carried
out by using Kaplan-Meier and log-rank tests. Overall
survival (OS) was measured from the date of registration
until death from any cause. Survivors were censored at the
time of last contact. Univariate and multivariate analyses of
prognostic factors were carried out using Cox regression.
The variables found to be independently predictive of
survival in an univariate analysis were entered into the
multiple regression method. A receiver-operating charac-
teristic (ROC) curve analysis was performed to assess the
accuracy of SUV.. in predicting the degree of bone
marrow plasma cell infiltration.

Results

Fifty-five patients with MM and six patients with plasmacy-
toma were examined with 'F-FDG PET/CT scans as part of
their imaging during initial diagnosis. The clinical signifi-
cance of FDG uptake in bone marrow and the extramedul-
lary lesion with the highest SUV,,,, was evaluated by
correlating uptake values with the levels of [3,-micro-
globulin, CRP, albumin, creatinine, per cent of bone marrow
plasma cells, serum FLC ratio, ISS and stage according to
Durie-Salmon (Table 2). In 49 of 61 patients (80.3%) there
were > 1 extramedullary lesions with FDG uptake. The
extramedullary lesion with the highest SUV .., was used for
the analysis. The SUV ., of extramedullary lesions showed
significant correlation with bone marrow FDG uptake (r=
0.28, p=0.027) and ISS (r=0.27, p=0.048). However, the
extramedullary lesion with the highest SUV .« showed no
correlation with levels of 3,-microglobulin, CRP, albumin,
creatinine, per cent of bone marrow plasma cells and stage
according to Durie-Salmon. Bone marrow SUV .« signifi-
cantly correlated with the per cent of bone marrow plasma
cell count (»=0.301, p=0.024), CRP (»=0.377, p=0.012)
and ISS (»=0.350, p=0.013). Haemoglobin levels at the time
of PET/CT scans did not show any correlation with bone
marrow '*F-FDG uptake (#=0.189, p=0.106). The mean
values of SUV,,, in extramedullary lesions were signifi-
cantly higher in stage IIl MM when compared to stages I and
II (6.23+£6.32 vs 2.85+3.44, p=0.023). Bone marrow FDG
uptake did not show a significant difference between MM
stages (p>0.05). In kappa and lambda light chain MM
patients the serum FLC ratio did not show any correlation
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Fig. 1 Bone marrow FDG up-
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with SUV ..« of bone marrow and SUV ., of extramedul-
lary lesions [(#=0.133, p=0.599) and (r=0.229, p=0.345)
and (r=0.230, p=0.359) and (r=0.155, p=0.526), respec-
tively]. In ROC curve analysis bone marrow SUV .., greater
than 2.05 significantly predicted the presence of > 30%
plasma cells in bone marrow (sensitivity 71.9% and
specificity 58.2%, p=0.04) (Fig. 3). Involvement of bone
marrow in MRI also predicted the presence of > 30%
plasma cells (p=0.004). In univariate regression analysis
there was a significant relationship between bone marrow
plasma cell counts of > 30% and bone marrow involve-
ment in both MRI and PET/CT. However, in multivariate
analysis MRI independently predicted the bone marrow
plasma cell counts > 30% (p=0.018).

The median follow-up time for 55 MM patients was
26 months (range 1-211 months) and the 5-year estimated OS
was 69.96% (Fig. 4). In six patients with plasmacytoma, the
S-year estimated OS was 66.67%. Forty-four MM patients
with FDG uptake-positive extramedullary lesions in PET/CT
showed inferior 5-year estimated survival (61.73%) when
compared to 11 patients without FDG-positive lesions, all of
whom were alive (p=0.01) (Fig. 5). In Cox regression
analysis the SUV ., of the extramedullary lesions with the

highest FDG uptake showed significant association with OS
(»<0.001; hazard ratio 1.16). We could not find a significant
effect of bone marrow FDG uptake in PET/CT or bone
marrow involvement in MRI on OS (p=0.59 and p=0.22,
respectively). When a cutoff value 2.05 for bone marrow
SUV,ax Was taken for OS analysis, the 5-year estimated
survival was not significantly different in patients with bone
marrow SUV,,,<2.05 vs>2.05 (71.9 vs 59.5%, p=0.315)
(Fig. 6).

In multivariate analysis of the parameters including age,
creatinine, ISS, Durie-Salmon stage and SUV ., of the
most significant lesions the only independent predictor of
OS was SUV,,..x values of the lesions (p=0.03).

Discussion

The present study shows that 'SF-FDG uptakes of bone
marrow and extramedullary lesions on PET/CT scans are
significantly correlated with established prognostic factors
including ISS and disease stage. Although '®F-FDG uptake
of bone marrow on PET/CT scan significantly predicts the
percentage of plasma cell infiltration, in multivariate
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Fig. 2 FDG PET coronal slice
and corresponding PET/CT
fused transaxial slices showing
MM bone lesion

Fused Transaxials

analysis MRI was the independent predictor of the bone
marrow plasma cell counts in MM patients. At baseline
PET/CT scans higher levels of SUV .« of extramedullary
lesions significantly predicted inferior OS. The diagnosis
and staging of MM is based on laboratory parameters and
imaging analysis. Appropriate use of imaging techniques is

PET Transaxials

4G D]

MIP Navigate

critical for the identification of the extent of disease. Although
conventional skeletal survey is the gold standard in evaluating
lytic bone lesions, this method leads to underestimation in
diagnosing and staging of patients with MM [10, 13, 14]. In
addition to conventional skeletal survey, MRI became the
preferred imaging modality in the assessment of axial

Table 2 Correlation analysis of
SUV hax values of bone marrow
and lesions with other

Lesion SUV ax Bone marrow SUV ax

prognostic parameters p r p r
Age 0.73 0.44 0.22 0.16
Stage 0.08 0.23 0.70 0.053
Bone marrow plasma cell % 0.24 0.15 0.024 0.301
{3,-microglobulin 0.40 0.12 0.34 0.14
CRP 0.05 0.29 0.12 0.37
Albumin 0.06 0.23 0.17 0.18
Creatinine 0.07 0.23 0.96 0.00
ISS 0.05 0.27 0.013 0.35
FLC ratio for kappa 0.345 0.229 0.599 0.133
FLC ratio for lambda 0.526 0.155 0.359 0.230
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Fig. 3 Bone marrow FDG PET/CT uptake value > 2.05 predicted the
presence of > 30% plasma cells in bone marrow

skeleton and bone marrow in staging of patients with MM
[5, 13, 14). In our study we also demonstrated the correlation
between bone marrow activity in MRI and the per cent of
plasma cells. However, combinations of X-ray images, MRI
and CT give information about the morphological extent of
the disease, not the functional assessment. With respect to
these standard imaging modalities a new imaging technique
using PET/CT provides both functional and morphological
assessment of patients with MM and solitary plasmacytoma
[9, 11, 15-19].

In our study 80.3% of our patients demonstrated FDG
uptake-positive focal lesions in PET/CT. There was a
positive correlation between SUV,,,, of bone marrow and
extramedullary lesions in reflecting disease activity.

Survival Function
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Fig. 4 Survival of patients with MM
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Fig. 5 OS in patients with extramedullary lesions was lower than in
patients without extramedullary lesions

Patients with advanced disease stage had higher SUV ..
for extramedullary lesions with respect to earlier disease
stages. In a recent retrospective analysis of 66 patients with
MM or related monoclonal gammopathies, whole-body
PET identified additional multiple focal lesions in 25% of
16 newly diagnosed patients. In ten patients with nonsec-
retory MM during follow-up PET showed new focal sites of
disease in 60% of patients. In relapsing patients PET
identified new sites of involvement in 81% of patients.
Negative PET findings strongly supported the diagnosis of
monoclonal gammopathy with undetermined significance.
In their study Durie et al. showed that both the presence of

1,0
SUVmax of bone
0,8 marrow
_m1<=2,05
_ _m>2,05
g + <;20,85-censorgd
.;. 0,64 + >2,05-censore
S
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Fig. 6 OS analysis in patients with bone marrow SUV ., <2.05 vs>2.05
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residual myeloma after treatment and the presence of
extramedullary myeloma by PET indicate high-risk patients
and poor prognosis [10].

According to correlation analysis, the SUV .« of bone
marrow positively correlated with the parameters including
the per cent of bone marrow plasma cells, CRP and ISS. As
a functional imaging technique SUV,,,x of bone marrow >
2.05 in PET/CT scans significantly predicted > 30% plasma
cells in bone marrow biopsies. In univariate regression
analysis the presence of extramedullary lesions with FDG
uptake predicted shorter OS. In Cox regression analysis
extramedullary lesions with higher SUV ., were associated
with inferior OS. However, neither FDG uptake of bone
marrow in PET/CT nor the bone marrow involvement in
MRI showed a significant association with OS. In multi-
variate Cox regression analysis higher SUV ., of extra-
medullary lesions remained an independent adverse
prognostic factor for OS.

In recent years the widespread use of more sensitive
imaging techniques has increased the awareness of extra-
medullary disease both at diagnosis and during follow-up. In a
retrospective analysis of 1,003 MM patients in three time
periods (1971-1993, 1994-1999 and 2000-2007), the inci-
dence of extramedullary involvement at diagnosis (p=0.02)
and during follow-up (p=0.03) significantly increased in the
2000-2007 time period. In this study the presence of
extramedullary involvement at diagnosis was significantly
associated with shorter progression-free survival (PFS) (18
versus 30 months, p=0.003), while the median OS was not
statistically different (p=0.36). However, the presence of
extramedullary disease at any time in the course of the
disease was significantly associated with shorter OS and PFS
(»<0.0001 and p=0.04, respectively). In the light of novel
therapeutic agents and better supportive care in the treatment
of MM, early detection of extramedullary disease with new
whole-body imaging modalities may lead to improvement in
survival [20].

PET/CT images give the opportunity to make functional
and morphological assessment of lesions where FDG
uptake indicates active MM. In the analysis of 33 patients
with newly diagnosed MM, whole-body PET/CT was
compared with whole-body **™Tc-methoxyisobutylisoni-
trile (MIBI) scintigraphy and MRI of the spine and pelvis.
Whole-body PET/CT visualized more focal lesions (5.94 +
9.29) than **™Tc-MIBI scintigraphy (1.91 + 4.45) and MRI
(1.54 + 2.45) (p<0.001). However, **™Tc-MIBI scintigra-
phy and MRI detected diffuse patterns of bone marrow
involvement better than PET/CT. These three imaging
methods either alone or in combination influenced the
clinical management in 18% of patients [21]. Hur et al. also
demonstrated that MRI is superior to FDG PET in detecting
bone marrow involvement in the spine of patients with
advanced MM [22].

@ Springer

There are limited data evaluating the prognostic value of
FDG uptake in MM. Strauss et al. evaluated the impact of
changes in kinetic parameters (SUV, the phosphorylation
rate k3 and the fractal dimension) of FDG at baseline and
prior to the second cycle of chemotherapy in 19 MM
patients. Although they found a significant decrease in the
kinetic parameters between baseline and the second PET
study, they could not find a correlation between the changes
in kinetic parameters and the PFS. However higher SUVs
(> 4) and k3 values (> 0.07) at baseline PET predicted a
significantly shorter PFS [23].

As part of total therapy 3 metastatic bone survey (MBS),
MRI and FDG PET scanning were evaluated in 239 newly
diagnosed MM patients. In the low-risk group defined
according to the gene expression profiling, more than three
focal lesions by PET predicted inferior OS and event-free
survival (EFS). In the high-risk group all had a poor
prognosis. This study analysed the role of early post-
treatment PET/CT changes and found no effect on outcome.
However, complete FDG suppression before transplantation
conferred superior OS and EFS [24].

In another study bone marrow uptake was evaluated in
18 newly diagnosed MM patients who underwent MIBI and
PET study. Mean SUV (mSUV) and target to background
ratio (TG/BKG) significantly correlated with plasma cell
percentage. The ROC analysis revealed a more rapid
clinical course in patients with mSUV greater than 0.79.
In univariate regression analysis mSUV, TG/BKG and f3,-
microglobulin were related to survival. In multiple regres-
sion analysis mSUV was the only independent predictor of
survival [25].

Various imaging technologies have been used for the
diagnosis and management of MM patients. Although the
advantages of whole-body PET/CT over skeletal survey and
MRI have been described in previous reports, it cannot be
recommended for routine use in MM. Based on the recently
available data, the IMWG recommended the use of PET/CT
as an additional diagnostic tool in MM at baseline and
during follow-up [13].

In conclusion, as mentioned in previous reports our data
also support the observation that PET/CT allows identifi-
cation of patients with high-risk myeloma. Higher SUV .«
of extramedullary lesions independently predicted inferior
OS in those patients.
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