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Abstract: Objective: Currently, the prognosis of standardized uptake value still has no consensus. We evaluated
the role of the maximum standardized uptake value (SUV__ ) of the MM lesions and the extramedullary disease
(EMD) with the highest metabolic activity on PET/CT in predicting survival of newly diagnosed multiple myeloma
(MM) patients. Methods: A total of 123 previously untreated, newly diagnosed patients were enrolled in this study,
who were diagnosed at the Tianjin Medical University Cancer Institute and Hospital between September 2008 and
February 2018. All patients with available PET/CT information at diagnosis were analyzed. Results: We found that
no clinical characteristics were significantly different between the pathological fracture groups. However, laboratory
findings including elevated creatinine and anemia at diagnosis corresponded to osteolytic lesions at baseline PET/
CT (elevated creatinine, P = 0.024; anemia, P = 0.025). Compared to SUV__ < 5.7 group, the proportion of patients
with EMD was significantly high in the SUV__ > 5.7 group (P = 0.046). Multivariate analysis using a Cox proportional
hazards model showed that age > 65, poor treatment response and EMD positive were independent poor prognos-
tic factors for newly diagnosed MM patients. Conclusion: We confirm the prognostic value of EMD, as detected by
PET/CT, in newly diagnosed multiple myeloma patients. Therefore, the presence of EMD in newly diagnosed MM

tends to be more important than the SUV__.
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Introduction

Multiple myeloma (MM) is a hematologic neo-
plasm characterized by monoclonal prolifera-
tion of malignant plasma cells derived from B
cells in the bone marrow and production of
monoclonal immunoglobulins, and accounts for
more than 10% of all hematologic malignancies
[1, 2]. Over the past few decades, clinical out-
comes of MM have significantly improved with
the introduction of novel therapeutic agents
such as thalidomide and bortezomib into autol-
ogous stem cell transplantation (ASCT). With
the use of these newer therapeutic strategies,
progression free survival (PFS) and overall sur-
vival (OS) have improved [3-5].

Positron emission tomography (PET) uses
8Fluorine-fluoro-deoxy- glucose (*8F-FDG) as a
radiotracer to detect glucose metabolism th-
roughout the body. Compared with normal
cells, tumor cells have a higher metabolic rate.

Uptake can be estimated by calculating the
standardized uptake value (SUV), which is the
uptake of 8F-FDG corrected for administered
dose and patient weight. PET imaging has lim-
ited spatial resolution but combining it with
computed tomography (CT) imaging addresses
this issue and enables areas of active disease
to be identified with exact anatomical localiza-
tion [6-8].

Bone disease is one of the major clinical fea-
tures of MM, and plain radiography has been
the conventional method for skeletal survey in
MM patients [9]. Whole-body X-ray can detect
the presence of osteolytic or osteopenic lesions
and is classified as a ‘morphological’ imaging
technique. However, it is now being challenged
by advanced radiological modalities [10]. In
contrast to simple X-ray, novel imaging meth-
ods such as magnetic resonance imaging (MRI)
and PET/CT provide ‘functional’ information
regarding lesions, as well as morphologic and
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anatomic details [11-13]. Several studies have
shown that PET/CT identifies more lesions than
X-rays in 40-60% of cases and can also detect
lesions in patients with negative skeletal sur-
veys [14]. PET/CT is useful for investigating
equivocal cases when skeletal survey has not
detected clear evidence of lytic bone damage,
but patients remain symptomatic.

Recently, PET/CT has also been used in MM
imaging. Preliminary reports have shown that
high uptake of *F-FDG by tumor cells is associ-
ated with the metabolic activity of the tumor in
MM [15].

The aim of this study was to investigate the role
of the SUV__ of the MM lesions and the extra-
medullary disease (EMD) with the highest met-
abolic activity on PET/CT in predicting survival
of newly diagnosed myeloma patients.

Methods
Patient samples

Patients diagnosed with MM were retrospec-
tively reviewed at Tianjin Medical University
Cancer Institute and Hospital from September
2008 to February 2018. These patients were
diagnosed as MM on the basis of the criteria
defined by the International Myeloma Working
Group (IMWG). Patients who lost follow-up or
lack indispensable medical documents were
excluded. All patients had symptomatic myelo-
ma requiring anti-myeloma chemotherapy. The
patients with available PET/CT information at
diagnosis were analyzed. One hundred and
twenty-three patients were finally enrolled.

Treatment response was defined according to
the IMWG criteria. MM results in bone destruc-
tion and extramedullary lesions, which is de-
fined as EMD. EMD is a type of MM defined by
the presence of extra-skeletal clonal plasma
cell infiltration. EMD can be present at the time
of either diagnosis (primary EMD) or relapse
(secondary EMD) [16, 17].

18F.FDG PET/CT

All 8F-FDG PET/CT imaging was done according
to the standard protocol. Patients fasted for at
least 6 h prior to PET/CT. Blood glucose levels
were measured before the injection of FDG and
were below 160 mg/dl. Sixty minutes after the
injection of ¥F-FDG (dose 0.14 mCi/kg) imag-
ing was started on a Discovery LS PET/CT sc-
anner (General Electric Medical Systems, Mil-
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waukee, WI, USA). A real whole-body emission
PET scanning in 3-D mode (at 3 min/bed posi-
tion) was done following a dose (120 keV,
10-100 mAs) whole-body CT that was principal-
ly used for attenuation correction purposes.

Criteria to define PET/CT positivity included the
following: either presence of focal areas of
detectable increased tracer uptake within bo-
nes (e.g., more intense than background BM
uptake) excluding articular processes, with or
without any underlying lesion identified by CT,
or a standardized uptake value (SUV) maximum
(max) based on body weight according to stan-
dard formula = 2.5 within osteolytic CT areas
exceeding 1 cm in size or > 1.5 within osteolytic
CT areas ranging between 0.5 and 1 cm in size.

All 8F-FDG PET/CT images were visually evalu-
ated and quantified by a single nuclear medi-
cine physician. In patients with more than one
lesion with positive FDG uptake, the lesion with
the highest SUV__ was included in the analysis.
SUv__ was calculated using the following for-
mula: tissue concentration (MBq/g)/injected
dose (MBq)/body weight (g). SUV__ was defin-
ed as the maximum SUV of the hypermetabolic
lesion showing the highest 8F-FDG uptake.

Follow-up

The median follow-up was 18 months (range
1-75 months) starting from the date of diag-
nosis up to February 2018 or when death
occurred. OS was measured from the date of
diagnosis until the date of death from any
cause or until the date of final follow-up. PFS
was determined from the time of diagnosis
until relapse or death from any cause.

Definitions

For a description of clinical characteristics, var-
ious laboratory findings were evaluated and
defined as follows: hypoalbuminemia (albumin
< 3.5 g/dl), elevated B2-microglobulin (B2-MG
> 5.5 mg/l), anemia (hemoglobin < 10 g/dl),
azotemia (creatinine > 2 mg/dl), hypercalcemia
(calcium > 10 mg/dl) and elevated lactate
dehydrogenase (LDH, more than the upper limit
of normal for LDH).

Statistical analysis

The statistical evaluation of the data was per-
formed using SPSS statistical package version
24.0 (IBM, IL, USA). Differences in clinical char-
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Table 1. Clinical characteristics of patients

Baseline characteristics N (%)
Gender
Male 77 (62.6)
Female 46 (37.4)
Age
<65 82 (66.7)
> 65 41 (33.3)
Histologic subtype
IgG 64 (52.9)
IgA 23(19.0)
gD 5(4.1)
Light chain 25 (20.3)
Non-secretory 4(3.3)

Baseline laboratory findings
Anemia 83 (67.5)

Hypoalbuminemia 78 (63.4)
Azotemia 41 (33.3)
Elevated LDH 29 (23.6)
Elevated B2-MG 93 (75.6)
Hypercalcemia 41 (33.3)

Elevated CRP
EMD 43 (35.0)

Osteolytic lesions 67 (54.5)
Pathological fracture 41 (33.3)
ISS stage
I 31 (25.2)
Il 35 (28.5)
1] 57 (46.3)
R-ISS stage
I 22 (17.9)
Il 64 (52.0)
1 37 (30.1)
D-S stage
I 10 (8.1)
Il 27 (22.0)
1] 86 (69.9)

Therapeutic strategy
Chemotherapy based on thalidomide 42 (34.1)

Chemotherapy based on bortezomib 67 (54.5)

Chemotherapy plus ASCT 22 (17.9)
Treatment response

CR 42 (34.2)

PR 40 (32.5)

SD 17 (13.8)

PD 24 (19.5)

28/67 (41.8)

acteristics were examined using the x? test or
Fisher's exact test. Relationships between
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variables were evaluated with Pearson’s or
Spearman’s correlation tests. Survival analysis
was carried out by using Kaplan-Meier and log-
rank tests. Survivors were censored at the ti-
me 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 univari-
ate analysis were entered into the multiple
regression method. p values < 0.05 were con-
sidered significant.

Results
Baseline characteristics

A total of 123 patients were retrospectively
reviewed, which consisted of 77 men and 46
women with a median age of 60 years (range
37-81 years). At diagnosis, the distribution of
patients according to the Durie-Salmon stage
(DS) at presentation was | (n = 10, 8.1%), Il (n =
27, 22.0%) and Ill (n = 86, 69.9%), respectively.
Based on the International Staging System
(ISS), 31 (25.2%), 35 (28.5%) and 57 (46.3%)
patients fell into stage I, Il and Ill. All 123
patients in the study received anti-myeloma
chemotherapy, including thalidomide (T) con-
taining regimen, bortezomib (B) containing regi-
men and chemotherapy plus ASCT. Sixty seven
(54.5%) patients were treated with bortezomib
containing regimen for first-line therapy, forty
two patients (34.1%) received thalidomide com-
bined with chemotherapy such as adriamycin
and cyclophosphamide, twenty two (17.9%) pa-
tients were treated with the above chemothera-
py plus ASCT. Table 1 shows patient baseline
characteristics.

Baseline PET Findings

The median value of SUV__ was 5.7 (range 1.2-
32.9), and 65 patients (52.8%) showed a SUV__
> 5.7. From PET/CT at diagnosis, 43 patients
(35.0%) had EMD, which varied in origin, includ-
ing soft tissue, lymph nodes, lung, liver, gall
bladder, urinary bladder, muscle, subglottis,
thyroid cartilage and tonsils.

Correlations between osteolytic lesions, patho-
logical fracture, SUV__ and laboratory findings

Tables 2 and 3 show the correlations between
osteolytic lesions, pathological fracture, SUV__
and laboratory findings. According to Table 2,
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Table 2. Correlations between osteolytic lesions, pathological fracture, and laboratory findings

Osteolytic lesions

Pathological fracture

Laboratory findings No Yes p-value No Yos p-value

Hemoglobin Normal 24 16 0.025 26 14 0.785
Low 32 51 56 27

Albumin Normal 22 21 0.640 24 19 0.122
Low 34 46 58 22

B2-MG Normal 13 17 0.781 19 11 0.656
High 43 50 63 30

LDH Normal 43 51 0.945 61 33 0.453
High 13 16 21 8

Creatinine Normal 44 38 0.024 54 28 0.902
High 12 29 28 13

Calcium Normal 40 42 0.398 57 25 0.402
High 15 26 25 16

CRP Normal 15 24 0.220 28 11 0.213
High 15 13 16 12

Cytogenetic abnormality No 14 14 0.249 19 9 0.872
Yes 23 39 41 21

EMD No 31 49 0.059 57 23 0.141
Yes 25 18 25 18

Table 3. Correlations between SUV__ and labo-
ratory findings

Laboratory findings M p-value
5.7 5.7

Hemoglobin Normal 16 24 0.270
Low 42 41

Albumin Normal 21 24 0.992
Low 37 41

Globulin Normal 28 26 0.352
High 30 39

B2-MG Normal 21 9 0.030
High 44 49

LDH Normal 48 46 0.118
High 10 19

Creatinine Normal 37 44 0.829
High 21 20

Calcium Normal 38 33 0.474
High 18 23

CRP Normal 17 22 0.725
High 11 17

Cytogenetic abnormality No 17 11 0472
Yes 28 34

EMD No 43 37 0.046
Yes 15 28

no clinical characteristics were significantly
different between the pathological fracture
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groups. However, when comparing laboratory
findings based on osteolytic lesions, which is
found by PET/CT, there were substantial signifi-
cant differences. Laboratory findings including
elevated creatinine and anemia at diagnosis
corresponded to osteolytic lesions at baseline
PET/CT (elevated creatinine, P = 0.024; ane-
mia, P = 0.025). The other clinical characteris-
tics did not differ between the osteolytic lesion
groups. The median value of SUV__ in these
patients was 5.7, so we chose SUV__ 5.7 as the
cutoff value. According to Table 2, high B2-MG
at diagnosis is correlation to SUV__ > 5.7 at
baseline PET/CT (P = 0.030). Interestingly, com-
pared to SUV__ < 5.7 group, the proportion of
patients with EMD was significantly high in the
SuvV__ > 5.7 group (P = 0.046).

X

Prognostic analysis of EMD and SUV___

With a median follow-up of 18 months (range
1-75 months), patients with EMD and without
EMD had prognostic significance on both 0S
and PFS. The OS (P = 0.017) and PFS (P =
0.004) of patients with EMD positive is signifi-
cantly shorter than EMD negative (Figure 1).
The OS of patients with SUV__ < 5.7 is signifi-
cantly longer than SUV__ > 5.7 (P = 0.032).
However, there were no statistically significant
differences in PFS between the two groups (P =
0.088) (Figure 2).
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Figure 1. Kaplan-Meier curve of PFS (A) and OS (B) analysis.
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Figure 2. Kaplan-Meier curve of PFS (A) and OS (B) analysis. The 0S (P = 0.032) of patients with SUV,__ < 5.7 is
significantly longer than SUV__ > 5.7. There were no statistically significant differences in PFS (P = 0.088) between

the two groups.

Univariate and multivariate analysis

In univariate analysis of the patients, age > 65
(P =0.015), low albumin (P = 0.035), high LDH
(P = 0.031), poor treatment response (P =
0.001), EMD positive (P = 0.049) and SUV__ >
5.7 (P = 0.032) were adverse prognostic fac-
tors for OS. While the unfavorable prognostic
factors for PFS were age > 65 (P = 0.034), hi-
gh B2-MG level (P = 0.038), poor treatment
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response (P = 0.001) and EMD positive (P =
0.043) (Table 4).

Multivariate analysis using a Cox proportional
hazards model showed that age > 65 (P =
0.025), poor treatment response (P = 0.011),
and EMD positive (P = 0.043) were indepen-
dent poor prognostic factors for OS, and age >
65 (P = 0.02), high B2-MG level (P = 0.024),
poor treatment response (P = 0.038), and EMD
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Table 4. Univariate survival analysis of the
patients

Variable p-sgﬁje p—\gslue
Age 0.034 0.015
Hemoglobin 0.125 0.33

Albumin 0.223 0.035
Creatinine 0.346 0.225
LDH 0.06 0.031
B2-MG 0.038 0.051
Treatment response 0.001 0.001
EMD 0.043 0.049
Suv 0.088 0.032

max

positive (P = 0.001) were independent poor
prognostic factors for PFS (Table 5).

Discussion

MM is a hematological neoplasm characterized
by the clonal proliferation of malignant plasma
cells in the bone marrow. MM results in diffuse
or focal bone infiltration and extramedullary
lesions. Over the past two decades, advances
have been made with regard to the diagnosis,
staging, treatment, and imaging of MM. Up to
now, few studies focused on the correlation
between osteolytic lesions and clinical charac-
teristics. In this study, we confirmed that elevat-
ed creatinine and anemia correspond to osteo-
lytic lesions at baseline PET/CT. However, no
laboratory findings were significantly different
between the pathological fracture groups.

CT and MRI are currently recommended as the
most effective imaging modalities at diagnosis.
However, recent data from the literature sug-
gest that PET/CT is a promising technique for
initial staging and therapeutic monitoring in
this pathology. PET/CT permits a whole-body
investigation with an overall sensitivity of 90%
and specificity of 75% for the detection of
myeloma lesions. It has the ability to show dif-
fuse involvement or mixed bone diseases with
variable glucose uptake, resulting in heteroge-
neous SUV__ . However, the PET/CT parameter
SuV,__ has rarely been connected to baseline
clinical characteristics. In our study, we evalu-
ated the correlation between SUV__ at diagno-
sis and baseline laboratory findings and
observed that the SUV__ is associated with
EMD.
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Recently, the use of PET/CT has increased in
patients with solid tumors [18, 19]. Among the
hematologic diseases, PET/CT is widely used
in the staging of most lymphomas and is an
accepted tool for assessing treatment respon-
se [20]. The association between SUV__ and
tumor aggressiveness has been reported in
previous studies [21, 22]. In fact, many studi-
es of lymphoma emphasized the importance of
SUV__ in predicting disease aggressiveness
and prognosis. However, we are skeptical of the
clinical utility of SUV__ in MM. The value of
SUV__ at MM diagnosis is not as high as in
other cancers. Park’s’ study found that the
median value of SUV__ at DLBCL (diffuse large
B-cell lymphoma) diagnosis was 18.9 (range
2-57), compared to 5.3 (range 0-24) in MM
patients [23]. In our study, the median value of
SUV__ was 5.7 (range 0-32.9), which is similar
to Park’s’ study.

The prognostic value of PET/CT at diagnosis
has also been studied in a smaller series of
55 MM patients [24]. The bone marrow SUV__
was correlated with the ISS score (P = 0.013).
The 44 patients with positive PET/CT had a
shorter five-year survival than the 11 patients
with negative PET/CT patients, all of whom
were alive after five years (P = 0.01). In multi-
variate analysis, only the EMD with the highest
SuV__, had a prognostic value on OS (P = 0.03).
Zamagni’s study also found that PET/CT imag-
ing technique is a reliable predictor of progno-
sis [9]. They found that presence at baseline
of at least 3 focal lesions, SUV > 4.2 and EMD
adversely affected 4-year estimates of PFS.
SUV > 4.2 and EMD were also correlated with
shorter OS. In this study, the OS of patients with
SUV__ < 5.7 is significantly longer than SUV__
> 5.7 (P = 0.032). However, there were no sta-
tistically significant differences in PFS between
the two groups (P = 0.088)

EMD has been reported to predict a relatively
shorter PFS and OS, both in newly diagnosed
patients and in relapsed patients [25-28]. But,
in the new drug era with bortezomib, EMD is
still a huge problem in clinical treatment [29-
33]. Our impression from this study is that in
MM, the presence of EMD tends to be more
important than the SUV__ .

Previous reports found that age, DS stage, ISS
stage, hemoglobin (Hb), platelets (PLT), plasma
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Table 5. Multivariate survival analysis of the patients

PFS 0S
Variable HR (95% Cl) p-value HR (95% Cl) p-value
Age 10.735 (1.468-71.025) 0.02 3.720 (1.203-11.521) 0.025
B2-MG 3.173 (1.257-8.035) 0.024 - -
Treatment response 3.807 (1.092-14.220) 0.038 3.505 (1.308-9.143) 0.011
EMD 0.267 (1.445-4.571) 0.001 0.308 (0.099-0.989) 0.043

cell number in BM, B2-MG, albumin, and lac-
tate dehydrogenase (LDH) were prognostic fac-
tors for MM survival [33]. Multivariate Cox
regression analysis showed that age, ISS stage,
and B2-MG were independent prognostic fac-
tors for MM survival [34-36]. Our results
showed that age, LDH, B2-MG, Albumin, and
SUV__ were prognostic factors for survival in
patients with newly diagnosed multiple myelo-
ma patients. Age and EMD were independent
prognostic factor after Cox regression ana-
lysis.

Conclusion

In conclusion, we confirm the prognostic value
of EMD, as detected by PET/CT, in newly diag-
nosed multiple myeloma patients. Age and
EMD were independent prognostic factors. Our
cohort of patients is limited, and it is a retro-
spective study. We cannot be sure whether our
conclusions are applicable in other or larger co-
horts. More studies are warranted to confirm
our findings.
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