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99mTc-sestamibi SPECT/CT and 18F-FDG-PET/CT have 
similar performance but different imaging patterns in newly 
diagnosed multiple myeloma
Camila Moscia, Fernando V. Pericoleb, Gislaine B. Oliveirab,  
Marcia T. Delamainb, Maria E.S. Takahashic,d, José Barreto C. Carvalheirae, 
Elba C.S.C. Etchebeherea, Allan O. Santosa, Eliana C. M. Mirandab,  
Mariana C.L. Limaa, Barbara J. Amorima, Carmino A. de Souzab,f,  
Irene Lorand-Metzef and Celso D. Ramosa,d     

Purpose 18F-fluorodeoxiglucose (18F-FDG)-PET/CT has 
been widely used to evaluate multiple myeloma. 99mTc-
sestamibi (MIBI) scintigraphy has also been proposed 
for assessing multiple myeloma, but its use with state-of-
the-art single-photon emission computed tomography/
computed tomography (SPECT/CT) technology has not 
been fully evaluated.This study aimed to compare these 
two imaging modalities in multiple myeloma staging.

Materials and methods Sixty-two patients with 
recently diagnosed multiple myeloma were submitted to 
whole-body 18F-FDG-PET/CT and whole-body MIBI scans 
plus SPECT/CT of the chest and abdomen/pelvis. Number 
of focal lesions, contiguous soft tissue involvement (CSTI), 
extramedullary lesions (EMLs) and diffuse bone marrow 
(BM) involvement were recorded.

Results PET/CT was positive in 59 patients (95%) and 
MIBI SPECT/CT in 58 (93%) (P = 0.69). MIBI detected 
more diffuse bone marrow involvement than PET/CT 
(respectively 78 vs. 58% of the patients), while PET/CT 
demonstrated more focal lesions than MIBI SPECT/CT 
(81 vs. 54% of the patients) (P = 0.002). PET/CT detected 
EMLs in four subjects and MIBI in one subject. CSTI was 
found in 28 (45%) and 23 (37%) patients on PET/CT and 
MIBI images, respectively (P = 0.36). Three patients with 

lytic lesions and no FDG uptake were MIBI positive, and 
two subjects with lytic lesions without MIBI uptake were 
FDG positive.

Conclusion MIBI SPECT/CT performs similarly to 
18F-FDG-PET/CT in identifying sites of active disease in 
multiple myeloma staging. MIBI is more efficient than FDG 
for detecting the diffuse involvement of bone marrow but 
less efficient for detecting focal lesions. Some patients 
presented a ‘mismatch’ pattern of FDG/MIBI uptake. 
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Introduction
Multiple myeloma is a neoplasm characterized by plasma 
cell infiltration of the bone marrow, secretion of monoclo-
nal immunoglobulin (paraproteins), and end-organ dam-
age including lytic lesions in the bones [1]. About 80–90% 
of myeloma patients suffer from osteolytic lesions during 
the course of the disease [2]. Disease expression is very 
heterogeneous including diffuse bone marrow infiltration, 
focal bone lesions, and extramedullary lesions (EMLs).

PET/computed tomography (PET/CT) using 18F- 
fluorodeoxyglucose (FDG) is a highly sensitive imaging 
technique for detecting active disease in patients with 
multiple myeloma and has been widely used in staging 
and prognosis evaluation of this disease [3]. Like many 
other nuclear imaging exams, it has the advantages of 
being performed with whole-body images, absence of 
serious adverse reactions, the possibility of being per-
formed in patients with renal failure and non-restriction 
in cases of metallic bone implants. In addition, the images 
can be semiquantified using the maximum standardized 
maximum uptake value (SUVmax). However, its routine 
use is still hampered by several factors, including high 
cost, reimbursement issues, lack of cost-effectiveness 
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studies, and especially its limited availability in many 
countries.
99mTc-sestamibi (MIBI) whole-body scintigraphy (WBS) 
has also been proposed as a potential method for assess-
ing multiple myeloma [3–5] and presents high availabil-
ity with low costs in most countries. Patients with active 
multiple myeloma may have focal or diffuse bone MIBI 
uptake, which indicates worse prognosis with lower over-
all survival (OS) than patients with normal MIBI images 
[6–8]. There is also a linear correlation between bone 
biopsy results and MIBI uptake [9]. Some studies have 
compared MIBI to FDG PET/CT in multiple myeloma 
[10,11]; however, in our knowledge, none of them sys-
tematically included single-photon emission computed 
tomography (SPECT)/CT images for this comparation. 
It has been demonstrated that SPECT/CT increases the 
sensitivity and specificity of many scintigraphic studies 
[12–16]. It provides precise localization and characteri-
zation of abnormal foci, reducing false positives due to 
physiologic uptake, influencing the staging and clinical 
management as well as reader confidence [12–16]. The 
aim of this study was to compare MIBI SPECT/CT with 
FDG PET/CT at multiple myeloma staging.

Materials and methods
The local Institutional Review Board approved this pro-
spective study (CAAE number: 24395514.7.0000.5404) of 
patients with multiple myeloma to undergo whole-body 
18F-FDG PET/CT and MIBI WBS plus SPECT/CT 
images for disease staging, preferably both procedures on 
the same day.

Sixty-two patients, 33 (53%) male, with newly diag-
nosed multiple myeloma underwent both studies before 
treatment. Patients were diagnosed according to the 
International Myeloma Working Group [17] including 
bone marrow cytology and histology. Details of patient 
characteristics are shown in Table 1.

Image acquisition
Patients fasted for 6 h before PET imaging. PET/CT 
images were acquired 60 min after intravenous adminis-
tration of 18F-FDG (0.12 mCi/Kg) in patients with glu-
cose level less than 180 mg/dL using a Siemens Biograph 
True-Point mCT 40 (Siemens Medical Solutions Inc., 
Knoxville, Tennessee, USA). Intravenous contrast media 
was not used. CT was acquired with 120–140 kV, 120 mA, 
rotation time 0.8 s, and slice thickness 2.1 mm. PET 
images were acquired in three-dimensional (3D) mode 
using 90 s/bed position. PET images were reconstructed 
using a standard iterative algorithm (3D-ordered subsets 
expectation-maximization (OSEM) +  point spread func-
tion + time-of-flight with two iterations and 21 subsets), 
with the CT data utilized for attenuation correction and 
image fusion. MIBI studies were performed by acquir-
ing planar anterior and posterior WBS plus SPECT/CT 
of the chest and abdomen/pelvis (Fig.  1) 10 min after 

intravenous injection of 99mTc-sestamibi (0.25 mCi/
Kg) by using a dual-head SPECT/CT gamma-camera 
(Symbia T2, Siemens Medical Solution Inc., Knoxville, 
Tennessee, USA), equipped with a low-energy high-res-
olution collimator. SPECT/CT of the head was also 
acquired when a suspicious lesion was observed in planar 
images. The projections were reconstructed using iter-
ative OSEM (four subsets, eight interactions), gaussian 
filter (Full width at half maximum = 6.25 mm), and apply-
ing CT attenuation correction. CT images were acquired 
with 130 kV, 60 mAs, 0.8 s rotation speed, and 3 mm slice 
thickness.

Image interpretation
Images were interpreted by visual analysis. 99mTc-MIBI 
SPECT/CT and the 18F-FDG PET/CT images were 
interpreted separately and in consensus by two nuclear 
medicine physicians and one radiologist. When analyzing 
the scans, they were aware of clinical data, but blind to 
the results of the other imaging study.

Criteria for defining the positivity of PET/CT images 
included: the presence of focal areas of increased tracer 
uptake in bones or soft tissues (i.e. more intense than 
background uptake) with or without an underlying lesion 
identified by CT, and excluding nonpathologic fractures, 
articular and known infectious processes; diffuse FDG 
uptake in the bone marrow (≥liver), and osteolytic areas 
on CT images. MIBI was considered positive if there 
were: focal areas of radiotracer uptake in bones or soft 
tissues (i.e. more intense than background uptake) on 
planar or SPECT images; diffuse uptake in the bone 
marrow; and osteolytic areas on CT images.

A visual degree of diffuse bone marrow uptake was 
defined for both radiopharmaceuticals. For diffuse FDG 

Table 1 Patient characteristics

Characteristic Value

Male 33 (53%)
Agea, years 66 (39–87)
Imunoglobulin typeb  
 IgG 22 (35%)
 IgA 08 (13%)
Light chainb  
Kappa 20 (32%)
Lambda 11 (18%)
Stage ISS  
 I 10 (16%)
 II 12 (19%)
 III 40 (65%)
Albumin, g/dLa 3.30 (1.3–4.90)
Beta2 microglobuline, mg/La 5.60 (0.26–29.99)
Hemoglobulin, g/dLa 10.0 (4.9–15.2)
Calcium, mg/dLa 9.5 (7.10–15.0)
Creatinine, mg/dLa 1.09 (0.34–9.5)
Lactate dehydrogenase, mg/dLa 198 (48–652)
Proteinuria, mga 530 (50–17310)
Plasmocytes, %a 26 (0–93)
Renal failure 17 (27%)

ISS, International Staging System.
aMedian (range).
bNot all patients are excretors.
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uptake in the bone marrow, the liver was used as refer-
ence: similar to or above liver uptake was classified as 
moderate or marked, respectively (below liver uptake 
was considered within normal limits). Diffuse bone mar-
row uptake of MIBI was compared to myocardium: bel-
low, similar to or above myocardium uptake was classified 
as mild, moderate, or marked, respectively.

For both imaging modalities, the number of focal lesions, 
presence of diffuse bone marrow involvement, contig-
uous soft tissue involvement (CSTI), and EMLs were 
recorded. Patients with positive studies were grouped 
as follows: those with focal lesions only, diffuse bone 
marrow involvement only, or both. The number of focal 
lesions was classified into three groups: A (1–3 lesions); B 
(4–10 lesions); C (more than 10 lesions). The SUVmax of 
the most FDG-avid lesion was recorded for each patient. 
Baseline clinical data including albumin, beta2 microglob-
ulin, hemoglobin, calcium, creatinine, lactate dehydro-
genase, proteinuria, renal failure, and the International 
Staging System (ISS; I, II or III) were recorded. Renal 
failure was defined as creatinine >1.3 mg/dL for men and 

>1.1 mg/dL for women. Proteinuria was established as 
>500 mg/day of protein in the urine.

Statistical analysis
To compare FDG PET/CT and MIBI SPECT/CT in mul-
tiple myeloma staging, the chi-square test was applied for 
categorical variables, the t-test to compare two groups of con-
tinuous variables, and analysis of variance for three or more 
groups using Bonferroni post-test. The value of P < 0.05 was 
considered significant, and the SPSS software (IBM Corp., 
version 24.0, Armonk, New York, USA) was used.

Results
Most patients had both procedures performed on the 
same day, starting with MIBI SPECT/CT. Therefore, the 
median time interval between the two imaging modali-
ties was 0 days (0–21).

Detection of active disease
Whole-body FDG PET/CT detected sites of active dis-
ease in 59/62 patients (95%) and MIBI SPECT/CT in 
58/62 subjects (93%), P = 0.69 (Table 2).

Fig. 1

(a) 18F-FDG PET maximum intensity projection (left) and anterior view of 99mTc-MIBI whole-body scan (right) of a 65-year-old woman with multiple 
myeloma, IgG lambda, ISS 3. Marked diffuse bone marrow uptake is observed in MIBI but not in FDG images. Mild focal uptake is also noted in 
the left humerus and right tibia (in both FDG and MIBI images), and in the skull and left femur (in MIBI images only) (arrows). The sites of injection 
are seen on the right forearm in the two scans. (b) Coronal slices of FDG PET/CT (left) and MIBI SPECT/CT (right) fused images of the chest 
(upper) and abdomen/pelvis (lower) of the same patient. Note the similar aspect of the SPECT/CT and PET/CT images, both with the same ability 
to identify and delimit the lesion in the left humerus, which does not exceed the limits of the cortical bone (short arrows). An active focal lesion 
in the left iliac bone was only identified by MIBI SPECT/CT (long arrow). CT, computed tomography; 18F-FDG, 18F-fluorodeoxyglucose; ISS, 
International Staging System; MIBI, 99mTc-sestamibi; SPECT, single-photon emission computed tomography.
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Diffuse bone marrow involvement and focal lesions
Among all PET/CT studies, 5 patients (8%) had only 
diffused bone marrow involvement, 31 (50%) both focal 
lesions and diffuse bone marrow involvement, and 19 
(31%) had only focal lesions. Considering all MIBI 
SPECT/CT studies, 22 patients (36%) presented only 
diffuse bone marrow involvement, 26 (42%) both focal 
lesions and diffuse bone marrow involvement, and 7 (12%) 
had only focal lesions, P = 0.002 (Table  2). Therefore, 
MIBI detected more diffuse bone marrow involvement 
than PET/CT (respectively 78 vs. 58% of the patients, 
including those with associated focal lesions), while PET/
CT demonstrated more focal lesions than MIBI SPECT/
CT (81 vs. 54%, including those with associated diffuse 
bone marrow involvement). SPET/CT images were not 
essential to identify diffuse bone marrow MIBI uptake, 
but they allowed correct identification and localization of 
focal lesions detected by MIBI (Fig. 1).

Number of focal lesions
FDG PET/CT detected more focal lesions than SPECT/
CT. PET/CT had 11, 16, and 24 patients in groups A, B, 
and C, respectively. MIBI SPECT/CT had 17, 6, and 10 
in the same groups, respectively (P < 0.0001). PET/CT 
detected extraosseous lesions in four patients and MIBI 
SPECT/CT in one subject (P = 0.17). CSTI was found in 
28 (45%) and 23 (37%) patients on FDG PET/CT and 
MIBI SPECT/CT, respectively (P = 0.36) (Fig. 2).

Intensity of diffuse bone marrow activity
Among the 38 patients with diffuse bone marrow 
involvement on FDG PET/CT, 20 had moderate (simi-
lar to liver) and 16 had marked (superior to liver) diffuse 
bone marrow uptake. Of the subjects with diffuse bone 
marrow involvement on MIBI, 22 had moderate uptake 
(similar to myocardium), 5 had marked uptake (above 
myocardium), and 15 with mild diffuse uptake (bellow 
myocardium) (Table 3).

‘Mismatch’ uptake of FDG and MIBI in focal lesions
Four (6%) FDG PET/CT and 3 (5%) MIBI SPECT/CT 
studies classified as positive due to bone lesions related to 
multiple myeloma presented only anatomic findings: lytic 

lesions on CT. Only one of these patients had coincident 
results between the two examinations, that is, no uptake 
of any radiopharmaceutical. Three FDG PET/CT studies 
with solely lytic lesions (no FDG uptake) presented MIBI 
uptake: one had focal lesion, one diffuse bone marrow 
involvement, and another focal lesion plus diffuse bone mar-
row involvement. Two MIBI SPECT/CTs considered pos-
itive because of anatomic findings only (no MIBI uptake), 
presented FDG uptake on PET/CT, respectively, with focal 
lesions and focal lesions plus diffuse bone marrow involve-
ment. This image pattern of focal uptake of one tracer in the 
lesion and no or minimal uptake of the other radiotracer was 
called ‘mismatch pattern’ (Fig. 3). It was also observed that 
the intensities of uptake of MIBI and FDG are not parallel: 
some focal lesions with uptake of both tracers had higher 
uptake of FDG than of MIBI, while in other focal lesions 
the opposite occurred, in the same patient (Fig. 2).

Quantification of lesion uptake
When analyzing SUVmax and number of focal lesions, it 
was found that the greater the number of focal lesions, 
the highest the SUVmax value (P < 0.0001). SUVmax val-
ues were also higher in patients with CSTI. On the other 
hand, there was no correlation between the intensity 
of FDG uptake in bone marrow and SUVmax, nor was 
SUVmax higher if EMLs were detected.

Other statistic results
In the logistic regression, hemoglobin level was a single 
independent risk factor for positive PET/CT [Risk ratio 
(RR): 1.34; 95% CI, 1.19–1.51, P < 0.0001]. The logistic 
regression also demonstrated that SUVmax was a single 
independent risk factor for positive SPECT/CT (RR: 
1.94; 95% CI, 1.30–2.90, P = 0.001). The other clinical 
parameters had no relation to any of the two imaging 
modalities.

Discussion
Imaging is essential for an accurate assessment of mul-
tiple myeloma, especially to evaluate the extent of the 
disease that may modify staging and treatment and also 
provide prognostic information [1,2].

Table 2 Detection of disease involvement in multiple myeloma using 99mTc-sestamibi planar plus single-photon emission computed 
tomography/computed tomography and 18F-fluorodeoxyglucose PET/computed tomography

FDG-PET/CT MIBI planar + SPECT/CT

Detection of any disease involvement (n) 59 (95%) 58 (93%)
CT lytic lesions without radiotracer uptake (n) 4 (6%) 3 (5%)
Focal lesions with radiotracer uptake (n) 19 (31%) 7 (12%)
Diffuse bone marrow involvement (n) 5 (8%) 22 (36%)
Focal lesions + diffuse bone marrow involvement (n) 31 (50%) 26 (42%)
Number of focal lesions (n)   
 Group A (1–3 lesions) 11 (17.5%) 17 (28.5%)
 Group B (4–10 lesions) 16 (25.5%) 6 (9.5%)
 Group C (>10 lesions) 23 (38%) 10 (16%)
Contiguous soft tissue involvement (n) 28 (45%) 23 (37%)
Extra osseous lesions (n) 4 (6%) 1 (1.5%)
Median SUVmax (range) 5.3 (1.9–34.7)  

FDG, 18F-fluorodeoxiglucose; MIBI, 99mTc-sestamibi; n = number of patients.
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The results of our study indicate that MIBI SPECT/
CT performs similarly to FDG-PET/CT in detecting 
active disease in multiple myeloma staging. This simi-
larity was particularly evident in the detection of skeletal 

involvement. There also was no statistical difference in 
identifying contiguous soft tissue and extraosseous dis-
ease between SPECT/CT and PET/CT, although we 
had only few patients with soft tissue disease. The cor-
respondence between the two methods in the evaluation 
of CSTI can be explained by the fact that adding hybrid 
SPECT/CT images to planar MIBI scan allows a more 
precise lesion delineation and anatomic localization. It 
also provides a better differentiation between lesions 
and normal structures with physiologic uptake [18,19] 
and permits attenuation correction of SPECT data [19]. 
As demonstrated by several studies in different diseases, 
SPECT/CT images have greater sensitivity and accuracy 
when compared to planar images [17–21].

As previously reported, FDG-PET/CT can be used to 
determine prognosis and risk of fractures in patients with 
newly diagnosed multiple myeloma [10,20–27]. Higher 
SUVmax are related to worse outcomes. Similarly, it has 

Fig. 2

(a) 18F-FDG PET maximum intensity projection (left) and anterior view of 99mTc-MIBI whole-body scan (right) of a 54-year-old woman with multiple 
myeloma, IGg Kappa, ISS 3. Similar and marked uptake of FDG and MIBI is seen in an extensive mass on the right clavicle (black arrows). MIBI 
uptake was higher than FDG uptake in lesions of the skull and right ramus of mandible (red arrows). MIBI uptake was lower than FDG uptake in 
a right rib and distal left femur lesions (blue arrows). Heterogeneous uptake of FDG in the oropharynx/Waldeyer’s ring and right foot was related, 
respectively, to upper airway infection and skin abscess (arrowheads), both without MIBI uptake. Also note diffuse FDG uptake (without MIBI 
uptake) in bone marrow, which might be related to multiple myeloma infiltration or reactive bone marrow. The site of injection on the right arm is 
seen in both images. (b–e) Axial fused FDG PET/CT (left) and MIBI SPECT/CT (right) of the same patient. Observe the similarity of the PET/
CT and SPECT/CT images, allowing the precise localization of the lesions in the skull (b), mandible (c), right clavicle with contiguous soft tissue 
involvement (d) and right rib (e). Also note FDG uptake in the epiglottis due to infection, and physiologic MIBI uptake in the submandibular glands 
(arrowheads on c). CT, computed tomography; 18F-FDG, 18F-fluorodeoxyglucose; ISS, International Staging System; MIBI, 99mTc-sestamibi; 
SPECT, single-photon emission computed tomography.

Table 3 Comparison of diffuse bone marrow uptake of 18F-FDG 
and 99mTc-sestamibi in multiple myeloma

FDG-PET/CTa

n (%)
Sestamibi planar + 
SPECT/CTb n (%)

Abnormal diffuse bone marrow uptake 36 (58%) 48 (78%)
Intensity of uptake   
 Mild – 21 (34%)
 Moderate 20 (32.2%) 22 (36%)
 Marked 16 (25.8%) 5 (8.0%)

FDG, 18F-fluorodeoxiglucose; MIBI, 99mTc-sestamibi; –, number of patients.
a18F-FDG, diffuse bone marrow uptake intensity: moderate (similar to hepatic 
uptake); marked (distinctly above hepatic uptake). Mild bone marrow uptake (bel-
low hepatic uptake) was considered normal.
b99mTc-sestamibi: diffuse bone marrow uptake intensity: mild (bellow myocar-
dium), moderate (similar to myocardium), marked (above myocardium).



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

1086 Nuclear Medicine Communications 2020, Vol 41 No 10

been demonstrated that the number of focal lesions 
detected by MIBI can predict OS and progression free 
survival, while diffuse bone marrow uptake is an inde-
pendent predictor of disease progression [10]. In the pres-
ent study, the subjects who presented the higher number 
of focal lesions, both on PET/CT as well as on SPECT/
CT images, also had the higher values of SUVmax, sug-
gesting that both FDG and MIBI images can be used to 
evaluate disease aggressiveness.

On the other hand, the pattern of image positivity was 
interestingly different in the two studies: FDG-PET/
CT detected more focal lesions than MIBI SPECT/CT 
(81 vs. 54%), while MIBI demonstrated the diffuse bone 
marrow involvement of the disease in more patients than 
FDG-PET/CT did (78 vs. 58%). The good performance 
of PET/CT in detecting focal lesions was also noted 
when classifying the number of lesions detected by each 
method. Thirty-eight percent of the patients had more 
than 10 focal lesions on PET/CT, while only 16% of the 
subjects had the same number of lesions on MIBI. The 
greater number of lesions detected by PET can be par-
tially attributed to its superior intrinsic resolution when 
compared to SPECT. Our findings are in line with the 
results obtained by Fonti et al. [10], although SPECT/
CT was not performed in their study. On PET/CT, 15, 
32, and 53% of their patients had diffuse bone marrow 

involvement, focal lesions, and both focal lesions and dif-
fuse bone marrow involvement, respectively. On MIBI 
41, 12, and 47% had diffuse bone marrow involvement, 
focal lesions, and both, respectively.

Our results suggest that the FDG does not perform well 
in assessing the diffuse involvement of the bone marrow 
by multiple myeloma. This is at least partially explained 
by the fact that bone marrow is part of the normal bio-
distribution of FDG [28,29]. Quantitative methods have 
been proposed to overcome this issue, but still with some 
complexity for routine use [30,31]. Bone marrow is not 
part of the normal biodistribution of MIBI [28] and, as 
suggested by the present study, it seems to be a good 
alternative for assessing bone marrow involvement by 
multiple myeloma.

The differences in the biologic behavior of multiple mye-
loma lesions are clearly seen in our patients. We found 
one subject who presented lytic lesions on CT, but no 
increased uptake on FDG PET or MIBI SPECT, empha-
sizing the additional role of CT in hybrid methods. Some 
subjects had radiotracer focal uptake, but no lytic lesion 
since metabolic changes can precede anatomic lesions. 
On the other hand, we observed that the intensities of 
uptake of MIBI and FDG are not parallel. In the same 
patient, it is possible to find lesions with greater uptake 
of FDG than of MIBI, and vice-versa.

Fig. 3

(a) A 52-year-old woman, IgG kappa, ISS 1. From left to right: abdominal/pelvic section of 18F-FDG MIP, posterior MIBI planar view, axial CT, 
axial fused FDG PET/CT, and axial fused MIBI SPECT/CT. Note the FDG/MIBI ‘mismatch’ in a focal lesion in the left iliac bone with moderate 
uptake of MIBI detected on planar and, more obviously, on SPECT/CT images, with normal FDG images (arrows). Physiological FDG uptake 
in brown adipose tissue of the mediastinum is observed in PET MIP and mild diffuse bone marrow uptake is seen in the MIBI planar image. (b) 
A 67-year-old man, IgG Lambda, ISS 3. From left to right: abdominal/pelvic section of 18F-FDG MIP, posterior MIBI planar view, axial CT, axial 
fused FDG PET/CT, and axial fused MIBI SPECT/CT. Observe the FDG/MIBI ‘mismatch’ in a focal lytic lesion in the left iliac bone with marked 
uptake of FDG seen in MIP and fused FDG PET images, with only mild uptake of MIBI visualized in the SPECT/CT image exclusively (arrows). 
Both 18F-FDG MIP and MIBI planar images also show diffuse uptake of the tracers in the bone marrow. CT, computed tomography; 18F-FDG, 
18F-fluorodeoxyglucose; ISS, International Staging System; MIBI, 99mTc-sestamibi; SPECT, single-photon emission computed tomography.
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Those differences in the image patterns of these two 
functional techniques are probably related to two main 
aspects: the distinct uptake mechanisms of the radiotrac-
ers and the marked genomic heterogeneity of multiple 
myeloma. FDG uptake occurs via the glucose transporter 
protein, GLUT-1, and reflects the increased glycolysis in 
tumor cells and, thus, the rapid growth and invasive char-
acteristics of focal lesions. Further, the inflammation that 
can be associated with tumor proliferation may also con-
tribute to increased FDG uptake [11]. The mechanism 
of MIBI uptake relates to high-negative transmembrane 
potentials, with increased uptake in normal and malig-
nant cells that have increased metabolic activity and acti-
vated mitochondria. Indeed, in myeloma, MIBI uptake 
reflects both activated mitochondria and the density of 
malignant plasma cells [29].

Those striking differences in uptake mechanisms are 
probably enlightening the heterogeneous biologic behav-
ior of multiple myeloma. Indeed, Rashe et al. [32] recently 
described an expressive inter-patient and intra-lesion 
heterogeneity of multiple myeloma. Cytogenetic anal-
yses have shown that multiple myeloma is not a sin-
gle disease, but it presents with unique features at the 
molecular level in each patient [33].

The main limitation of our study was the impossibility of 
performing multiple biopsies of lesions in our facilities as 
reported by other authors [32]. It would be very clarify-
ing to know the different genetic aspects of lesions that 
uptake FDG or MIBI or both or none of them. A larger 
cohort including correlation with the patient’s outcome 
analysis would also bring important information about 
the state of the art FDG PET/CT and MIBI SPECT/
CT used in the present study. The comparison of the two 
methods to assess the response to treatment would also 
define if they could be used interchangeably or if they 
would have a complementary role in evaluating multiple 
myeloma.

Conclusion
MIBI SPECT/CT and FDG PET/CT frequently pres-
ent different imaging patterns in patients with multiple 
myeloma. However, both imaging modalities had similar 
performance in detecting active disease in the present 
study. Some patients present a ‘mismatch’ pattern, with 
lesions that concentrate one of the tracers but not the 
other. They might have a complementary role in newly 
diagnosed multiple myeloma, FDG PET/CT detecting 
more focal lesions and MIBI SPECT/CT more often 
identifying diffuse involvement of the bone marrow.
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