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Abstract 

Background Multiple myeloma (MM) is the second most common hematological malignancy after non-Hodgkin 
lymphoma. Recently, the use of 18F-FDG PET/CT has become more and more diffused thanks to its ability to combine 
functional and morphological information for diagnosis, prognosis assessment, and evaluation of treatment response. 
This study aims to describe the semiquantitative parameters obtained from 18F-FDG PET/CT in a population of 
patients with MM. A comparative analysis was performed with existing literature.

Methods This retrospective study included 50 patients with suspected MM who had undergone whole-body 18F-
FDG PET/CT. The semiquantitative parameters obtained from 18F-FDG PET/CT positive scans were analyzed, specifi-
cally the number of focal lesions (FLs), the SUVmax of the “hottest” lesion, the ratio between SUVmax of the bone 
marrow and the spleen (marrow-to-spleen SUVmean ratio), marrow-to-spleen SULpeak ratio, and MTV.

Results Of the total cohort of 50 patients submitted to 18F-FDG PET/CT for suspected MM, 39 subjects resulted 
affected by MM. The 11 negative 18F-FDG PET/CT scans of the remaining subjects were not included. 59% of patients 
were males, and mean age (SD) was 65 ± 7.8 years. Based on the number of FLs, the entire cohort was divided 
into three groups: 14 patients in group A with more than 10 lesions; 5 patients in group B had a number of lesions 
between 5 and 10; and 24 patients in group C presented with less than 5 lesions.

Conclusions Semiquantitative parameters obtained through 18F-FDG PET can be useful in the assessment of 
staging criteria for MM, as the metabolic activity of lesions is higher in patients with extensive disease at the time of 
diagnosis. The predictive and prognostic relevance of these parameters as well as their role in guiding the therapeutic 
process toward ASCT worths further research.
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Background
Multiple myeloma (MM) is the second most common 
hematological malignancy after non-Hodgkin lym-
phoma [1]. It consists of uncontrolled growth of mono-
clonal plasma cells in the bone marrow and consequent 
overproduction of nonfunctional intact immuno-
globulins or immunoglobulin chains that leads to sev-
eral issues including anemia, bone lesions, infections, 
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hypercalcemia, renal failure, fatigue, and pain [2]. Diag-
nosis can be made with laboratory tests, bone marrow 
aspiration and biopsy, and imaging. Computed tomog-
raphy (CT), magnetic resonance imaging (MRI), and 
positron-emission tomography (PET) can detect both 
skeletal lesions and extraosseous disease localization. 
MM is often preceded by an initial monoclonal gam-
mopathy of undetermined significance (MGUS). MGUS 
is a condition that can last several years before the devel-
opment of asymptomatic or smoldering MM (SMM), an 
intermediate clinical stage between MGUS and MM [3, 
4]. Patients with MM can show both non-specific and 
specific symptoms such as pain due to bone involvement, 
anemia, fatigue, renal failure, hypercalcemia, and weight 
loss [5]. Up to 10% of patients show extramedullary or 
extraosseous disease at the time of the diagnosis, reach-
ing 20% with progressive disease [6]. MM skeletal lesions 
can be divided into four types, i.e., solitary lesion (plas-
macytoma), diffuse skeletal involvement (myelomatous), 
diffuse skeletal osteopenia, and sclerosing myeloma [7]. 
The role of CT scan and MRI in MM is well-established. 
Recently, the use of 18F-fluorodeoxyglucose (18F-FDG) 
PET/CT has become more and more diffused in differ-
ent settings due to its ability to combine functional and 
morphological information for diagnosis, prognostic 
assessment, and evaluation of treatment response [8, 
9]. Specifically, PET/CT can successfully identify both 
active and inactive bone lesions as well as extramedullary 
focuses that sometimes could not be detected by other 
imaging techniques [10]. In addition, recent data are sup-
porting the hypothesis that PET/CT functional imaging 
can predict possible outcomes and response to therapy 
in patients with MM [11]. However, a defined stand-
ardization of image interpretation is currently lacking. 
The “IMPETUS” criteria from the Bologna group tried 
to standardize the interpretation of PET images in MM 
with a visual scale improving inter-observer reproduc-
ibility, but an actual agreement has not yet been reached 
[12]. The total number of focal lesions identified with 
imaging and their metabolic activity assessed by PET/CT 
seem to be linked to event-free survival [13]. The identi-
fication of more than one focal bone lesion on MRI and 
of one or more lytic bone lesions on CT scan, low-dose 
CT, or 18F-FDG PET/CT meets the criteria for bone 
damage requiring therapy according to the International 
Myeloma Working Group (IMWG) [14]. 18F-FDG PET/
CT semiquantitative parameters can help interpretation 
standardization through the definition of predictive fac-
tors of overall survival (OS) and progression-free survival 
(PFS). Three papers tried to identify baseline prognostic 
factors. For example, several focal bone lesions (FLs) > 3, 
the absence of extramedullary disease (EMD), and SUV-
max < 4.2 seem to be associated with longer OS and PFS 

[15, 16]. This study aims to describe a population of 
patients with MM through the analysis of 18F-FDG PET/
CT semiquantitative parameters. The obtained results 
were discussed in comparison with existing literature.

Methods
Patients
This retrospective study included 50 patients submit-
ted to 18F-FDG PET/CT for suspected MM. Multiple 
semiquantitative parameters obtained from positive 
scans were collected and analyzed. All patients receiv-
ing a diagnosis of MM underwent chemotherapy, immu-
notherapy, or bone marrow transplantation. This study 
was performed in accordance with the ethical standards 
of the 1964 Declaration of Helsinki and its later amend-
ments, and a written informed consent was obtained 
from all participants.

18F‑FDG PET/CT
All patients underwent 18F-FDG PET/CT scans after 
fasting for 6–8 h. The glucose level at the time of admin-
istration had to be < 120 mg/dl. The PET/CT device con-
sisted of a Discovery ST (GE, Milwaukee, USA) with 
bismuth germanate crystal units arranged to form 24 
rings combined with a 16-slice Light Speed Plus CT 
scanner. The average FWHM axial resolution of PET (full 
width at half maximum) is 5.2 mm, and system sensitiv-
ity is 9.3 cps/KBq for 3D acquisition mode. Scanning 
was performed from the neck to the toes in 3D modal-
ity, with an acquisition time of 3  min per bed/position. 
Images were reconstructed by using an ordered subset 
expectation maximization iterative algorithm (OSEM-SV, 
VUEPoint HD, GE, 2 iterations, 15 subsets). The CT was 
performed immediately before PET in the identical axial 
field of view using a standardized protocol consisting of 
automatic tube current modulation with auto mA, tube 
rotation time of 0.5 s/rotation, slice thickness of 3.75 mm. 
The CT data were resized from 512 × 512 to a 256 × 256 
matrix to match the PET data. The data were transmit-
ted to a nuclear medicine database, fused, and displayed 
using dedicated software (Advantage 4.7, GE).

PET‑derived Parameters Calculation
MTV was defined on PET scan using dedicated software 
(PET VCAR, GE Healthcare). Every hepatic lesion was 
segmented with a threshold of 40% of the maximum SUV 
value within the bounding box of the lesion.

Semiquantitative Parameters
For each patient, imaging was analyzed and semiquan-
titative parameters were calculated, in particular the 
number of focal PET-positive lesions, SUVmax (maxi-
mum standardized uptake value) of the hottest lesions, 
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marrow-to-spleen SUVmean (mean standardized 
uptake value) ratio, marrow-to-spleen SULpeak (SUV 
corrected for lean body mass) ratio, and MTV (meta-
bolic tumor value). Positive lesions were focal areas 
of increased 18F-FDG uptake above the surrounding 
background noise on two successive sections and cor-
responding to CT abnormalities such as a lytic lesions, 
minor lytic changes, and osteopenic areas; benign bone 
pathologies such as joint disease, spondylopathy, osteo-
arthrosis, and traumas were excluded. SUV is the ratio 
of the image-derived radioactivity concentration and 
the whole-body concentration of the injected radio-
activity. Lesions showing SUVmax > 2 were consid-
ered positive. MTV was determined from PET data by 
grouping all spatially connected voxels within a thresh-
old of 40% of the SUVmax. All patients were divided 
into three cohorts depending on the number of focal 
lesions, and for each of these, SUVmax was calculated 
by drawing 3D regions of interest into lesions.

Results
Of the total cohort of 50 patients submitted to 18F-
FDG PET/CT for suspected MM, 39 subjects resulted 
affected by MM, as defined by the International Mye-
loma Working Group. The remaining 11 patients with 
negative 18F-FDG PET/CT scans were not included 
in this retrospective analysis. More than half patients, 
specifically 59%, were males with the female popula-
tion represented by only 16 women. Mean age (SD) was 
65 ± 7.8 years. Mean height (SD) and mean weight (SD) 
were 168.6 ± (10.4) cm and 81.5 ± (22.4) kg, respectively. 
Multiple PET parameters derived from 18F-FDG PET/
CT were evaluated: SUVmax of the “hottest” lesion, the 
ratio between SUVmax of the bone marrow and the 
spleen (marrow-to-spleen SUVmean ratio), marrow-
to-spleen SULpeak ratio, and MTV. Semiquantitative 
PET parameter values obtained from the entire cohort 
are shown in Table  1. Subdividing our cohort into 
groups according to the number of FLs, we obtained 
three groups: 14 patients in group A with more than 10 
lesions (≥ 10); 5 patients in group B had a number of 

lesions between 5 and 10 (≥ 5); and 24 patients in group 
C presented with less than 5 lesions (< 5). PET param-
eters for these groups are shown in Tables 2, 3 and 4.

Discussion
This study aimed to characterize a population of 
patients with MM (Figs.  1 and 2), by comparing 18F-
FDG PET semiquantitative parameters with those 
already described in the literature. The 39 patients with 
positive diagnostic 18FDG PET were divided into three 
groups according to the number of lesions detected: 14 
patients had more than 10 lesions, 5 had more than 5 
lesions, and 24 had less than 5 lesions. After undergo-
ing 18FDG PET, 15 of these patients underwent autol-
ogous stem cell transplant (ASCT), while the whole 
cohort underwent chemotherapy, immunotherapy, or 
both. The number of FLs is considered an important 
prognostic factor in patients with MM. According to 
Paschali et al., the presence of ≥ 10 FLs negatively pre-
dicts overall response [17]. Zamagni et  al. described 
how the number of PET-FLs was the most important 
independent variable associated with shorter survival, 

Table 1 Entire cohort semiquantitative PET parameter values

SD standard deviation

Mean (SD)

Hottest lesion SUVmax 6.68 ± 3.87

Marrow-to-spleen SUVmean ratio 099 ± 0.36

Marrow-to-spleen SULpeak ratio 0.97 ± 0.38

MTV 66.62 ± 127.1

Table 2 Group A semiquantitative PET parameter values

SD standard deviation

Group A Mean (SD)

Hottest lesion SUVmax 10.1 ± 2.85

Marrow-to-spleen SUVmean ratio 1.17 ± 0.41

Marrow-to-spleen SULpeak ratio 1.12 ± 0.41

MTV 99.6 ± 156.6

Table 3 Group B semiquantitative PET parameter values

SD standard deviation

Group B Mean (SD)

Hottest lesion SUVmax 7.43 ± 3

Marrow-to-spleen SUVmean ratio 0.92 ± 0.276

Marrow-to-spleen SULpeak ratio 0.98 ± 0.23

MTV 2 ± 0.44

Table 4 Group A semiquantitative PET parameter values

SD standard deviation

Group C Mean (SD)

Hottest lesion SUVmax 6.01 ± 4

Marrow-to-spleen SUVmean ratio 0.9 ± 0.3

Marrow-to-spleen SULpeak ratio 0.89 ± 0.37

MTV 1.3 ± 19
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both overall and event-free. Time to progression (TTP) 
and PFS values projected at 4 years were 50% each for 
patients who had either > 3 FLs or diffuse bone mar-
row (BM) uptake compared with those with less severe 
PET/CT involvement (69% and 68%) [16]. Bartel et  al. 
also showed how several FLs > 3 are associated with the 
worst outcome [18]. The first semiquantitative param-
eter taken into account in this study was the SUVmax 
of the hottest lesion. Nowadays, no consensus has 
been reached regarding an appropriate SUVmax cutoff 
value to distinguish between PET-positive and PET-
negative scans [10]. In a recent prospective study with 
192 patients, osteolytic lesions were considered to be 
positive with a SUVmax cutoff of 2.5, based on body 
weight, for lesions bigger than 1 cm in size and a cut-
off of at least 1.5 for lesions between 0.5 and 1  cm in 
size because of the partial volume effect [16]. Nanni 
et al. demonstrated a high variability of SUVmax within 

each patient and from patient to patient, ranging from 
1.9 to 7.2, without finding any significant correlation 
between the SUVmax and the clinical stage of the dis-
ease. The high intrapatient variability in SUVmax was 
attributed to the partial volume effect in lesions smaller 
than 1  cm [19]. Sager et  al., on the other hand, found 
a significant correlation between FDG SUVmax on 
PET/CT and bone marrow cellularity and plasma cell 
ratios on biopsy samples, suggesting that if FDG PET/
CT is positive and SUVmax values are high at the time 
of initial diagnosis, these patients can be followed by 
FDG PET/CT scans without undergoing bone mar-
row biopsy [20]. In the first group of patients (≥ 10 
lesions), the average SUVmax was 10.1(± 2.85); in the 
second group (≥ 5 lesions) the average SUVmax was 
7.34(± 3), while in the third group (< 5 lesions) it was 
6.01 (± 4). Although there is not a direct correlation 
between semiquantitative parameters and staging of 

Fig. 1 A 60-year-old man with MM diagnosis. Whole-body PET (A) performed at baseline demonstrated multiple areas of increased tracer uptake 
in bones, particularly evident in the left shoulder (black bordered arrow). Six months after VTD (Velcade® + Thalidomide + dexamethasone) 
chemotherapy, whole-body PET (B) showed almost complete metabolic response, with minimal residual tracer uptake in the right shoulder (black 
bordered arrow)
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the disease, these data reflect how in patients with a 
high number of lesions, and therefore with extensive 
disease, there is an increasing value of SUVmax on 
the hottest lesion. Consequently, a similar trend was 
observed calculating the MTV of the hottest lesions 
in each group: Indeed, in the first group the average 
MTV is 99.6 cm3 (± 156.6), with a significant decrease 
in the second and third groups where the MTVs were, 
respectively, 2 cm3 (± 0.44) and 1.3 cm3 (± 19). In 2012, 
a study performed by Fonti et  al. demonstrated how 
MTV can be used as an independent prognostic factor 
to predict OS in patients with MM, stating that OS was 
significantly better in patients with an MTV < 77.6 mL 
than in those with an MTV ≥ 77.6  mL [21]. Although 
this study is not designed to assess OS and PFS, data 
regarding MTV are consistent with previous studies, 
since in our population patients with a higher number 
of lesions, and therefore extensive disease, show high 
MTV as compared to patients with a smaller number 
of lesions, whose MTV is significantly lower. Recently, 
in two different studies, it was demonstrated how the 
use of the marrow-to-liver SUV ratio is considered an 
independent predictor of PFS and OS after therapy [22] 
and can be proposed as the standardized definition of 
PET complete metabolic response [23]. In this study, 
patients undergoing diagnostic 18F-FDG PET are char-
acterized according to the marrow-to-spleen SUVmean 
ratio, showing the same decrease as seen with the pre-
vious parameters (BM/spleen SUV ratio: 1.17 ± 0.41 
in the first group; 0.92 ± 0.276 in the second group; 

0.9 ± 0.3 in the third group). These data show a linear 
correlation with the number of lesions seen in 18F-
FDG PET since the highest average marrow-to-spleen 
ratio is seen in the group of patients with the highest 
number of lesions, while it progressively decreases in 
the following two groups. The last semiquantitative 
parameter we took into account is the marrow-to-
spleen SULpeak ratio. The use of SUL (standardized 
uptake value normalized for lean body mass) is not yet 
extensively used in literature, but there is increasing 
evidence about the reliability of this parameter. Albano 
et  al. studied, among other parameters, the predictive 
role of SUVlbm in the progression of solitary plasmacy-
toma to MM (time to progression to multiple myeloma, 
TTMM), stating that a SUVlbm > 5.2 was significantly 
correlated with TTMM [24]. In our study, in paral-
lel with the marrow-to-spleen SUVmean ratio, we also 
considered the marrow-to-spleen SULpeak ratio. As 
expected, the outcomes considering these two param-
eters were similar: The marrow-to-spleen SULpeak 
ratio was 1.12 ± 0.41 in the first group; 0.98 ± 0.23 in 
the second group; 0.89 ± 0.37 in the third group. In this 
study, we characterized patients undergoing diagnostic 
18F-FDG PET through the analysis of semiquantita-
tive parameters. As ascertained from our results, the 
extension of the disease significantly correlates with the 
values of the parameters we took into account (hottest 
lesion SUVmax, MTV, marrow-to-spleen SUVmean 
ratio, marrow-to-spleen SULpeak ratio). In particu-
lar, SUVmax and MTV were significantly higher in the 

Fig. 2 Whole-body bone scintigraphy in anterior (A) and posterior (B) revelation of a patient with liver metastases and an atypical epigastric uptake 
in correspondence of liver metastasis. Same patient. Fused coronal PET/CT image (A) well localized the gross area of increased 18F-FDG uptake in 
the left shoulder (white bordered arrow), with involvement of scapula, humerus, and surrounding soft tissue. Coronal PET/CT (B), performed after 
chemotherapy and prosthesis implantation, demonstrated an almost complete metabolic response (white bordered arrow)
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group of patients with 10 or more lesions at 18F-FDG 
PET as compared with the groups of patients with, 
respectively, 5 or more lesions and less than 5 lesions, 
reflecting how the metabolic activity of these lesions is 
higher in patients with extensive disease at the time of 
diagnosis. The same results were observed considering 
the marrow-to-spleen SUVmean ratio and marrow-to-
spleen SULpeak ratio, although the differences in these 
parameters among the three groups were not as broad 
as seen with SUVmax and MTV.

Conclusions
The use of semiquantitative parameters for the charac-
terization of patients with MM undergoing 18F-FDG 
PET can be useful in the assessment of staging criteria, 
as the metabolic activity of lesions is higher in patients 
with extensive disease at the time of diagnosis. All ana-
lyzed semiquantitative parameters correlate with the 
extension of disease even if the differences observed 
considering marrow-to-spleen SUVmean ratio and 
marrow-to-spleen SULpeak ratio are not as broad as 
seen for SUVmax and MTV. Whether these parameters 
could have a predictive and prognostic relevance or 
guide the therapeutic process toward ASCT needs fur-
ther research.

Abbreviations
MM  Multiple myeloma
CT  Computed tomography
PET  Positron-emitting tomography
MRI  Magnetic resonance imaging
MGUS  Monoclonal gammopathy of undetermined significance
SMM  Smoldering MM
18F-FDG  18F-fluorodeoxyglucose
OS  Overall survival
EMD  Extramedullary disease
FLs  Focal bone lesions
SUVmax  Maximum standardized uptake value
SULpeak  SUV corrected for lean body mass
MTV  Metabolic tumor value
SUVmean  Mean standardized uptake value
BM  Bone marrow
ASCT  Autologous stem cell transplant
TTP  Time to progression

Acknowledgements
Not applicable.

Author contributions
MSDF, VF, LF, and GDV contributed to conceptualization; VF was involved in 
data curation; MSDF contributed to formal analysis; CDA, MM, and FC were 
involved in investigation; LF contributed to methodology; CDA, MM, and FC 
were involved in resources; LF provided software; VF, GB, and GDV contrib-
uted to validation; CDA, MM, FC, and GB were involved in writing—original 
draft; and VF, LF, OS, and GDV contributed to writing—review and editing. All 
authors read and approved the final manuscript.

Funding
This paper received no funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This was a retrospective study on data available for clinical practice in which 
clinical records of all patients in ongoing biologic therapy were reviewed. 
Data were anonymously collected in each center and were cumulatively 
gathered in an electronic database for analysis. Patients were not required to 
give informed consent to the study because the analysis used anonymous 
data that were obtained after each patient agreed to being followed up and 
to collect clinical records by institutions. No experimental procedures, novel 
devices, or experimental drugs were used, and no funds were received. The 
study protocol conformed to the ethical guidelines of the 1975 Declaration of 
Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 August 2022   Accepted: 14 June 2023

References
 1. Siegel RL, Miller KD, Jemal A (2016) Cancer statistics. CA Cancer J Clin 

66(1):7–30. https:// doi. org/ 10. 3322/ caac. 21332
 2. Gerecke C, Fuhrmann S, Strifler S, Schmidt-Hieber M, Einsele H, Knop S 

(2016) The diagnosis and treatment of multiple myeloma. Dtsch Arztebl 
Int 113(27–28):470–476. https:// doi. org/ 10. 3238/ arzte bl. 2016. 0470

 3. Jamet B, Bailly C, Carlier T, Touzeau C, Nanni C, Zamagni E, Barré L, 
Michaud AV, Chérel M, Moreau P, Bodet-Milin C, Kraeber-Bodéré F (2019) 
Interest of pet imaging in multiple myeloma. Front Med 6:69. https:// doi. 
org/ 10. 3389/ fmed. 2019. 00069

 4. Tamaru JI (2017) [2016 revision of the WHO classification of lymphoid 
neoplasms]. Rinsho Ketsueki 58 (10):2188–2193. https:// doi. org/ 10. 
11406/ rinke tsu. 58. 2188

 5. Naymagon L, Abdul-Hay M (2016) Novel agents in the treatment of multi-
ple myeloma: a review about the future. J Hematol Oncol 9(1):52. https:// 
doi. org/ 10. 1186/ s13045- 016- 0282-1

 6. Brigle K, Rogers B (2017) Pathobiology and diagnosis of multiple 
myeloma. Semin Oncol Nurs 33(3):225–236. https:// doi. org/ 10. 1016/j. 
soncn. 2017. 05. 012

 7. Kosmala A, Bley T, Petritsch B (2019) Imaging of multiple myeloma. Rofo 
191(9):805–816. https:// doi. org/ 10. 1055/a- 0864- 2084

 8. Sachpekidis C, Goldschmidt H, Dimitrakopoulou-Strauss A (2019) Positron 
emission tomography (PET) radiopharmaceuticals in multiple myeloma. 
Molecules 25(1):66. https:// doi. org/ 10. 3390/ molec ules2 50101 34

 9. Albano D, Laudicella R, Ferro P, Allocca M, Abenavoli E, Buschiazzo A, 
Castellino A, Chiaravalloti A, Cuccaro A, Cuppari L, Durmo R, Evangelista L, 
Frantellizzi V, Kovalchuk S, Linguanti F, Santo G, Bauckneht M, Annunziata 
S (2019) The role of 18F-FDG PET/CT in staging and prognostication of 
mantle cell lymphoma: an Italian multicentric study. Cancers. https:// doi. 
org/ 10. 3390/ cance rs111 21831

 10. Cavo M, Terpos E, Nanni C, Moreau P, Lentzsch S, Zweegman S, Hillengass 
J, Engelhardt M, Usmani SZ, Vesole DH, San-Miguel J, Kumar SK, Richard-
son PG, Mikhael JR, da Costa FL, Dimopoulos MA, Zingaretti C, Abildgaard 
N, Goldschmidt H, Orlowski RZ, Chng WJ, Einsele H, Lonial S, Barlogie 
B, Anderson KC, Rajkumar SV, Durie BGM, Zamagni E (2017) Role of (18)
F-FDG PET/CT in the diagnosis and management of multiple myeloma 
and other plasma cell disorders: a consensus statement by the Interna-
tional Myeloma Working Group. Lancet Oncol 18(4):e206–e217. https:// 
doi. org/ 10. 1016/ s1470- 2045(17) 30189-4

https://doi.org/10.3322/caac.21332
https://doi.org/10.3238/arztebl.2016.0470
https://doi.org/10.3389/fmed.2019.00069
https://doi.org/10.3389/fmed.2019.00069
https://doi.org/10.11406/rinketsu.58.2188
https://doi.org/10.11406/rinketsu.58.2188
https://doi.org/10.1186/s13045-016-0282-1
https://doi.org/10.1186/s13045-016-0282-1
https://doi.org/10.1016/j.soncn.2017.05.012
https://doi.org/10.1016/j.soncn.2017.05.012
https://doi.org/10.1055/a-0864-2084
https://doi.org/10.3390/molecules25010134
https://doi.org/10.3390/cancers11121831
https://doi.org/10.3390/cancers11121831
https://doi.org/10.1016/s1470-2045(17)30189-4
https://doi.org/10.1016/s1470-2045(17)30189-4


Page 7 of 7De Feo et al. Egypt J Radiol Nucl Med          (2023) 54:114  

 11. Zamagni E, Cavo M (2012) The role of imaging techniques in the man-
agement of multiple myeloma. Br J Haematol 159(5):499–513. https:// doi. 
org/ 10. 1111/ bjh. 12007

 12. Nanni C, Versari A, Chauvie S, Bertone E, Bianchi A, Rensi M, Bellò M, Gal-
lamini A, Patriarca F, Gay F, Gamberi B, Ghedini P, Cavo M, Fanti S, Zamagni 
E (2018) Interpretation criteria for FDG PET/CT in multiple myeloma 
(IMPeTUs): final results. IMPeTUs (Italian myeloma criteria for PET USe). 
Eur J Nucl Med Mol Imaging 45(5):712–719. https:// doi. org/ 10. 1007/ 
s00259- 017- 3909-8

 13. Waheed S, Mitchell A, Usmani S, Epstein J, Yaccoby S, Nair B, van Hemert 
R, Angtuaco E, Brown T, Bartel T, McDonald J, Anaissie E, van Rhee F, Crow-
ley J, Barlogie B (2013) Standard and novel imaging methods for multiple 
myeloma: correlates with prognostic laboratory variables including gene 
expression profiling data. Haematologica 98(1):71–78. https:// doi. org/ 10. 
3324/ haema tol. 2012. 066555

 14. Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, Mateos 
MV, Kumar S, Hillengass J, Kastritis E, Richardson P, Landgren O, Paiva B, 
Dispenzieri A, Weiss B, LeLeu X, Zweegman S, Lonial S, Rosinol L, Zamagni 
E, Jagannath S, Sezer O, Kristinsson SY, Caers J, Usmani SZ, Lahuerta JJ, 
Johnsen HE, Beksac M, Cavo M, Goldschmidt H, Terpos E, Kyle RA, Ander-
son KC, Durie BG, Miguel JF (2014) International Myeloma Working Group 
updated criteria for the diagnosis of multiple myeloma. Lancet Oncol 
15(12):e538-548. https:// doi. org/ 10. 1016/ s1470- 2045(14) 70442-5

 15. Moreau P, Attal M, Caillot D, Macro M, Karlin L, Garderet L, Facon T, Ben-
boubker L, Escoffre-Barbe M, Stoppa AM, Laribi K, Hulin C, Perrot A, Marit 
G, Eveillard JR, Caillon F, Bodet-Milin C, Pegourie B, Dorvaux V, Chaleteix C, 
Anderson K, Richardson P, Munshi NC, Avet-Loiseau H, Gaultier A, Nguyen 
JM, Dupas B, Frampas E, Kraeber-Bodere F (2017) Prospective evaluation 
of magnetic resonance imaging and [(18)F]Fluorodeoxyglucose positron 
emission tomography-computed tomography at diagnosis and before 
maintenance therapy in symptomatic patients with multiple myeloma 
included in the IFM/DFCI 2009 trial: results of the IMAJEM study. J Clin 
Oncol 35(25):2911–2918. https:// doi. org/ 10. 1200/ jco. 2017. 72. 2975

 16. Zamagni E, Patriarca F, Nanni C, Zannetti B, Englaro E, Pezzi A, Tacchetti 
P, Buttignol S, Perrone G, Brioli A, Pantani L, Terragna C, Carobolante F, 
Baccarani M, Fanin R, Fanti S, Cavo M (2011) Prognostic relevance of 18-F 
FDG PET/CT in newly diagnosed multiple myeloma patients treated with 
up-front autologous transplantation. Blood 118(23):5989–5995. https:// 
doi. org/ 10. 1182/ blood- 2011- 06- 361386

 17. Paschali A, Panagiotidis E, Triantafyllou T, Palaska V, Tsirou K, Verrou E, 
Υiannaki E, Markala D, Papanikolaou A, Pouli A, Konstantinidou P, Chatzi-
pavlidou V, Terpos E, Katodritou E (2021) A proposed index of diffuse 
bone marrow [18F]-FDG uptake and PET skeletal patterns correlate with 
myeloma prognostic markers, plasma cell morphology, and response to 
therapy. Eur J Nucl Med Mol Imaging 48(5):1487–1497. https:// doi. org/ 10. 
1007/ s00259- 020- 05078-1

 18. Bartel TB, Haessler J, Brown TL, Shaughnessy JD Jr, van Rhee F, Anaissie 
E, Alpe T, Angtuaco E, Walker R, Epstein J, Crowley J, Barlogie B (2009) 
F18-fluorodeoxyglucose positron emission tomography in the context of 
other imaging techniques and prognostic factors in multiple myeloma. 
Blood 114(10):2068–2076. https:// doi. org/ 10. 1182/ blood- 2009- 03- 213280

 19. Nanni C, Zamagni E, Farsad M, Castellucci P, Tosi P, Cangini D, Saliz-
zoni E, Canini R, Cavo M, Fanti S (2006) Role of 18F-FDG PET/CT in the 
assessment of bone involvement in newly diagnosed multiple myeloma: 
preliminary results. Eur J Nucl Med Mol Imaging 33(5):525–531. https:// 
doi. org/ 10. 1007/ s00259- 005- 0004-3

 20. Sager S, Ergül N, Ciftci H, Cetin G, Güner SI, Cermik TF (2011) The value 
of FDG PET/CT in the initial staging and bone marrow involvement of 
patients with multiple myeloma. Skeletal Radiol 40(7):843–847. https:// 
doi. org/ 10. 1007/ s00256- 010- 1088-9

 21. Fonti R, Larobina M, Del Vecchio S, De Luca S, Fabbricini R, Catalano L, 
Pane F, Salvatore M, Pace L (2012) Metabolic tumor volume assessed by 
18F-FDG PET/CT for the prediction of outcome in patients with multiple 
myeloma. J Nucl Med 53(12):1829–1835. https:// doi. org/ 10. 2967/ jnumed. 
112. 106500

 22. Zamagni E, Nanni C, Dozza L, Carlier T, Tacchetti P, Versari A, Chauvie S, 
Gallamini A, Attal M, Gamberi B, Caillot D, Patriarca F, Macro M, Boccadoro 
M, Garderet L, Fanti S, Perrot A, Gay F, Sonneveld P, Karlin L, Cavo M, 
Bodet-Milin C, Moreau P, Kraeber-Bodere F (2018) Standardization of 18F-
FDG PET/CT according to deauville criteria for MRD evaluation in newly 
diagnosed transplant eligible multiple myeloma patients: joined analysis 

of two prospective randomized phase III trials. Blood 132(Supplement 
1):257–257. https:// doi. org/ 10. 1182/ blood- 2018- 99- 111321

 23. Zamagni E, Nanni C, Dozza L, Carlier T, Bailly C, Tacchetti P, Versari A, Chau-
vie S, Gallamini A, Gamberi B, Caillot D, Patriarca F, Macro M, Boccadoro M, 
Garderet L, Barbato S, Fanti S, Perrot A, Gay F, Sonneveld P, Karlin L, Cavo 
M, Bodet-Milin C, Moreau P, Kraeber-Bodéré F (2021) Standardization of 
(18)F-FDG-PET/CT according to Deauville criteria for metabolic complete 
response definition in newly diagnosed multiple myeloma. J Clin Oncol 
39(2):116–125. https:// doi. org/ 10. 1200/ jco. 20. 00386

 24. Albano D, Bosio G, Treglia G, Giubbini R, Bertagna F (2018) 18F-FDG PET/
CT in solitary plasmacytoma: metabolic behavior and progression to 
multiple myeloma. Eur J Nucl Med Mol Imaging 45(1):77–84. https:// doi. 
org/ 10. 1007/ s00259- 017- 3810-5

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/bjh.12007
https://doi.org/10.1111/bjh.12007
https://doi.org/10.1007/s00259-017-3909-8
https://doi.org/10.1007/s00259-017-3909-8
https://doi.org/10.3324/haematol.2012.066555
https://doi.org/10.3324/haematol.2012.066555
https://doi.org/10.1016/s1470-2045(14)70442-5
https://doi.org/10.1200/jco.2017.72.2975
https://doi.org/10.1182/blood-2011-06-361386
https://doi.org/10.1182/blood-2011-06-361386
https://doi.org/10.1007/s00259-020-05078-1
https://doi.org/10.1007/s00259-020-05078-1
https://doi.org/10.1182/blood-2009-03-213280
https://doi.org/10.1007/s00259-005-0004-3
https://doi.org/10.1007/s00259-005-0004-3
https://doi.org/10.1007/s00256-010-1088-9
https://doi.org/10.1007/s00256-010-1088-9
https://doi.org/10.2967/jnumed.112.106500
https://doi.org/10.2967/jnumed.112.106500
https://doi.org/10.1182/blood-2018-99-111321
https://doi.org/10.1200/jco.20.00386
https://doi.org/10.1007/s00259-017-3810-5
https://doi.org/10.1007/s00259-017-3810-5

	Multiple myeloma: characterization of patients through the analysis of semiquantitative parameters with 18F-FDG PET
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patients
	18F-FDG PETCT
	PET-derived Parameters Calculation
	Semiquantitative Parameters

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


