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Abstract
Multi-drug resistance (MDR) is a major challenge in the treatment of multiple myeloma (MM). There is 
low sensitivity of technetium-99m methoxy isobutyl isonitrile (99mTc-MIBI) whole body scan (WBS) in 
the detection of active MM lesions, because 99mTc-MIBI is washed out from malignant cells in the 
presence of P-glycoprotein (PGP). The objective of the present cohort study was to evaluate of 99mTc-
MIBI WBS in the prediction of MDR in MM patients during a course of one year follow up. Thirty four 
patients with MM (25 male, 9 female of mean age 54.12±11.46 years) entered the study. Thirteen pa-
tients had no previous history of treatment and 21 had a history of previous chemo-radiotherapy. 
The diagnosis and staging of the disease were based upon routine laboratory and clinical criteria like 
bone marrow plasma cell count, serum M component, calcium, albumin, β2-microglobulin. Measure-
ments of PGP and WBS using 99mTc-MIBI were performed before initialization of treatment and the 
response to treatment was assessed one year later. The baseline 99mTc-MIBI WBS were considered 
positive for the detection of active lesions when at least one area of non-physiologic increased activ-
ity was noted. The follow up 99mTc-MIBI WBS was positive for MDR when the patient had active dis-
ease but normal WBS. Our results showed that for WBS, the sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy in active state for the diagnosis of MDR were 38.9%, 
62.5%, 70%, 31.2% and 46.1%, respectively. Also the above values for the detection of MDR, using 
PGP values were 50%, 50%, 69.2%, 30.8% and 50%, respectively. The relative risk of resistant to multi-
ple regimens of chemotherapy after one year follow up in patients with negative to patients with 
positive 99mTc-MIBI WBS was 1.02 (0.60-1.72). In conclusion, we found a low sensitivity of WBS and of 
PGP in the detection of MDR in patients with active MM. However, both WBS and PGP have 70% and 
69% positive predictive value for MDR.
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Introduction

M ultiple myeloma (MM) is one of the most frequent B cell malignancies representing 
14% of all haematological malignancies in adult population [1]. Different radiotrac-
ers have been introduced for the evaluation of MM lesions. Technetium-99m meth-

oxy isobutyl isonitrile (99mTc-MIBI) is a lipophilic cationic agent, believed to be retained in 
cells by electronegative cellular and mitochondrial membrane potentials [2] and has been 
shown to have a potential value for the assessment of disease activity in MM patients [3]. 
The value of fluorine-18 fluorodeoxyglucose positron emission tomography (18F-FDG PET) 
in the evaluation of MM lesions has recently been reported [4, 5]. 18F-FDG can detect more 
lesions than the 99mTc-MIBI in patients with MM [4] and may perform better than 99mTc-MIBI 
in the detection of focal lesions, whereas 99mTc-MIBI may be superior in the visualization of 
diffuse disease [5]. 
 Previous studies confirmed that over-expression of P-glycoprotein (PGP), the physiolog-
ic function of which is facilitating cholesterol trafficking from plasma membrane to endo-
plasmic reticulum, is a major factor for the reduction of drug sensitivity of the tumoral cells 
[6, 7]. P-glycoproteins are encoded by a small gene family, consisting of two members in hu-
mans (MDR1 and MDR2) [6]. Class I PGP (MDR1) coded in chromosome 7 at q21–31, decrease 
intracellular concentrations of a wide variety of structurally diverse chemotherapeutic drugs 
resulting in multidrug resistance (MDR), whereas the closely related class II PGP (MDR2) is 
not associated with such effects [6]. Based on previous reports, MDR1 expression in MM is 
an independent prognostic factor associated with poor long-term outcome [7]. Also a sig-
nificant negative relation between PGP expression and response to chemotherapeutic regi-
mens has been found, using in vitro immunohistochemical methods [7].

255 C Y M B

 C Y M B

 C Y M B

 C Y M B



Hellenic Journal of Nuclear Medicine  •  September - December 2009 www.nuclmed.gr256

kefalari

 Informed consent was assigned by all patients and docu-
mented in their medical record. The project was approved by 
the Ethics Committee and the Research Council of Tehran 
University of Medical Sciences.

P-glycoprotein measurement

P-glycoprotein over-expression was defined as the detection 
of positive immune-reactive cells in flow cytometric analysis 
of bone marrow or whole blood samples. Cells (5 x 105) were 
incubated for 30min with a matched-isotype control anti-
body IgG2a (Dako Corporation, Glostrup, Denmark) and with 
the monoclonal antibody 4E3 (7.5 mg/l, Dako Corporation, 
Carpinteria, USA), which recognizes an external epitope of P-
gp. Cells were washed twice in PBS/BSA/NaN3 and incubated 
for 20min with FITC-labeled goat F(ab’)2 anti-mouse IgG (Calt-
ag Laboratories, Burlingame, UK) [17].
 All samples were assessed by a pathologist (ME) who was 
unaware of the patients clinical and laboratory data. 

99mTc-MIBI imaging and interpretation

A commercial MIBI kit (AEOI, Tehran, Iran) was used and the 
labeling and quality control procedures were performed ac-
cording to the manufacturer’s instructions. Each patient re-
ceived 740MBq 99mTc-MIBI via an antecubital vein. Whole-
body anterior and posterior scans were obtained after 20 and 
60min using a large field of view dual head gamma camera 
(Solus, ADAC, Milpitas, CA) equipped with a low-energy high 
resolution parallel hole collimator. A 20% window around the 
140keV energy peak of 99mTc-MIBI was used. Patients were in 
the supine position during the image acquisition.
 All scintigrams were interpreted by two experienced nu-
clear medicine specialists (BF, MS), who were unaware of pa-
tients clinical and laboratory data and positive lesions were 
identified by consensus. Different patterns of scan results 
are demonstrated in Figures 1 and 2. The baseline 99mTc-
MIBI WBS was considered positive for MIBI avid lesion, if at 
least one region of non-physiologic increased radiotracer 
activity was found. On the other hand, baseline 99mTc-MIBI 
WBS was considered to be positive for the presence MDR if 
the patient had clinically active disease, but with no 99mTc-
MIBI avid lesion (Fig.1B). A WBS with diffuse (Fig. 1A) or focal 
(Fig. 2A) abnormal uptake of 99mTc-MIBI was considered 
negative for MDR.

Follow-up

During the one year period of follow-up, all patients were 
treated by 6 courses of melphalan and prednisone (MP) or a 
combination of MP with vincristine and cyclophosphamide 
(VMCP) or 4 courses of vincristine, adriablastin and dexameth-
asone (VAD) and every 4 weeks were re-assessed clinically 
and the response to chemotherapy treatment mentioned be-
fore was evaluated. Patients were considered to have reached 
partial or complete remission and were drug sensitive when 
achieving a serum monoclonal component (MC) reduction 
equal to at least 50% and bone marrow plasma cells of <5%. 
All other patients were considered to have active disease with 

 It has been postulated that after entering the cytoplasm, 
99mTc-MIBI is recognized by MDR-1 PGP and transported by 
this PGP out of the malignant cell [8]. In fact, it has been 
shown that 99mTc-MIBI is a transport substrate for PGP. Over-
expression of PGP in in-vitro samples of resistant tumoral 
cells was reported to decrease 99mTc-MIBI uptake [8, 9]. In 
breast and lung carcinoma samples, also high PGP expres-
sion was significantly associated with fast washout of 99mTc-
MIBI [10, 11]. Others found that increased PGP expression was 
correlated with a low accumulation of 99mTc-MIBI in the bone 
marrow, in leukaemia patients [12]. As reported for other 
types of malignancies in the above-mentioned studies, the 
net in vivo uptake of 99mTc-MIBI may be used for non-inva-
sive assessment of MDR and PGP over-expression in MM. 
Furthermore, a recent study showed that breast cancer with 
absolute lack of tracer uptake on early images have a defec-
tive apoptotic program and high levels of B-cell CLL/lympho-
ma 2 (Bcl-2) [13, 14]. This observation may also have an im-
portant clinical implication for patients with MM. No study 
has been performed to examine the ability of 99mTc-MIBI 
scintigraphy to predict response to chemotherapy in MM pa-
tients. According to the evidences supporting the lack of ab-
normal uptake in the active lesions of patients with MM and 
MDR, we sought to determine weather this event may help 
diagnose and predict MDR in clinical assessments. Our study 
was conducted prospectively to compare the level of PGP 
expression and 99mTc-MIBI scintigraphic results in order to 
predict the outcome of treatment with multiple drugs and 
chemotherapy in MM patients.

Patients and methods

From November 2006 to September 2008, thirty four conse-
cutive MM patients, 25 male 9 female, with mean age 
54.12±11.46 years entered a cohort study. The diagnosis of 
MM was based on the Durie and Salmon (1975) criteria [15]. 
Patients were excluded if they were pregnant, unwilling or 
unable to cooperate, or were considered bone marrow trans-
plant candidates.
 Thirteen patients had no previous history of treatment 
(were recently diagnosed) and 21 had a history of previous 
chemo-radiotherapy (8 in remission and 13 relapsed). The cri-
teria proposed by Bataille et al. (1992) [16] were used to deter-
mine disease activity. Finally, twenty six patients who fulfilled 
the criteria of active MM disease at onset of the study (includ-
ing 13 recently diagnosed and 13 previously diagnosed pa-
tients with relapsed disease) were prospectively evaluated. 
For each patient, thorough hematological and biochemical 
investigations including hemoglobin concentration (Hb), 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 
liver and kidney function tests, serum β2 microglobulin, se-
rum M component, 24h urinary excretion of Bence Jones pro-
tein, bone marrow and plasma cell count, serum levels of al-
bumin and calcium were performed. Thereafter, all patients 
underwent 99mTc-MIBI WBS and PGP measurements using 
bone marrow (n=17) or peripheral blood samples (n=17). 
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sensitivity, specificity, negative predictive value (NPV) and 
positive predictive value (PPV) of 99mTc-MIBI WBS and PGP 
measurements for prediction of MDR were calculated. The 
relative risk (RR) of MDR at endpoint of the study based on 
the baseline 99mTc-MIBI WBS was defined as the ratio of the 
probability of MDR in negative to the probability of MDR in 
positive 99mTc-MIBI WBS at the onset of the study. This ratio 
was expressed as a 95% confidence interval. Kappa value as a 
measure of agreement between 99mTc-MIBI WBS and PGP re-
sults was also calculated and the cut-off value of more than 
0.5 was noted as significant agreement. Also a P value of less 
than 0.05 was considered statistically significant. 

no response to treatment and were drug resistant [9]. The 
treatment protocol was modified to other regimens (men-
tioned above) when the patient did not achieve remission. 
Patients in complete or partial remission after the above-
mentioned protocol did not receive any maintenance treat-
ment.

Statistical analysis

Baseline 99mTc-MIBI imaging and PGP measurements were 
used to differentiate between MDR and drug-sensitive pa-
tients in order to predict the clinical outcome and treatment 
response. Using patients’ outcome as the gold standard, the 

Figure 1. Whole body scan with 99mTc-MIBI 
in different patients with active multiple my-
eloma disease: The first case represents 
diffuse abnormal uptake throughout the ax-
ial skeleton (A), the second one shows a 
negative scan for active lesion (B).

(A) (B)

Figure 2. 99mTc-MIBI whole body scan reveals a focal active lesion in the sternal manubrium in a patient with multiple myeloma (A). A photon-deficient 
area is noted in the multiple spot views of whole body bone scan with 99mTc-MDP, corresponding to the active lesion delineated on 99mTc-MIBI images 
(B). LAO: left anterior oblique; RPO: right posterior oblique.
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sults, in MM patients neither the baseline 99mTc-MIBI WBS nor 
PGP findings were of importance in the detection of MDR. 
 Other authors had no false positive and 2/9 false negative 
MM cases on follow-up of 99mTc-MIBI scintigraphy and con-
cluded that this scintigraphy had high sensitivity and specifi-
city in tracing active nonsecretory myelomatous lesions [18], 
which is discordant with our results. This discrepancy can be 
explained by the small number of patients [18]. Another study 
also suggested a potential role of 99mTc-MIBI washout, in pre-
dicting the response to chemotherapy in patients with MM, 
as they found that disease free survival was significantly bet-
ter in patients with lower washout of 99mTc-MIBI. In this study, 
patients treated with melphalan were excluded and 87.5% of 
patients in remission had low washout [9].
 Other previous studies have confirmed that the intensity 
of 99mTc-MIBI uptake in the lesions detected by the baseline 
scans correlated with disease activity as determined by lac-
tate dehydrogenase, C-reactive protein, beta2-microglobulin, 
serum ferritin [19] and also ESR, interleukin-6, soluble inter-
leukin-6 receptor, serum calcium and bone alkaline phos-
phatase [20]. A negative correlation has been found between 
99mTc-MIBI intensity and osteocalcin, type I procollagen car-
boxyterminal propeptide [20], serum thymidine kinase, and 
cross-linked carboxyterminal telopeptide of type I collagen 
[21]. It has been stated that 99mTc-MIBI scintigraphy can de-
tect bone marrow lesions in MM patients that may not be de-
tected by other imaging modalities and can be useful, espe-
cially in cases of solitary myelomas to exclude other involved 
sites [22]. In addition, 99mTc-MIBI scintigraphy can be a pro-
gnostic factor related to MM activity and MDR [19]. Others in 
46 MM patients have shown that 99mTc-MIBI scintigraphy is a 
better tool in detecting biologically active myeloma lesions 
as compared to conventional skeletal radiographs [23]. In that 
study, 99mTc-MIBI scintigraphies remained positive in all pa-
tients during chemotherapy, and there was a direct correla-
tion between scan result and clinical outcome of patients fol-
lowing high-dose treatment. Also some authors found that a 
diffuse 99mTc-MIBI pattern reflected a higher bone marrow 
plasma cells number [23, 24]. Moreover, in some, histological-
ly or cytologically verified MM patients, soft tissue MM lesions 
can be correctly diagnosed by 99mTc-MIBI scans, while all plain 
radiographs are negative [23]. A more recent relatively large 
prospective study confirmed that 99mTc-MIBI scintigraphy, has 
showed high sensitivity (92%) and specificity (96%) in the di-
agnosis and follow-up of MM patients after chemotherapy, in 
parallel with the activity of MM bone disease [25]. 
 Conversely, some other authors pointed out the limited 
value of 99mTc sestamibi in the follow-up evaluation due to 
the development of the multidrug resistant phenotype, 

which causes a decrease of net tracer accumulation [26]. This 
conclusion is concordant with our study. However, in our 
study no agreement was noted between negative 99mTc-MIBI 
WBS and PGP over-expression in the detection of MDR. Inter-
estingly, some authors also reported that myeloma cells that 
express Bcl-2, a powerful inhibitor of tumor apoptosis that is 
associated with an entirely different form of drug MDR will 

Results
At onset of the study, 26 out of 34 (76.5%) studied patients 
were in active state and 8 cases (23.5%) were in remission 
based on the previously mentioned criteria. Regarding the 
above mentioned criteria, the sensitivity, specificity, PPV, NPV 
and accuracy of WBS for determining the active disease were 
61.5%, 75%, 88.9%, 37.5% and 64.7%, respectively. In active 
cases, the respective values for the diagnosis of MDR using 
WBS findings were 38.9%, 62.5%, 70%, 31.2% and 46.1%, re-
spectively. The above values for the detection of MDR using 
P-PGP values were 50%, 50%, 69.2%, 30.8% and 50%, respec-
tively. Table 1 shows the results of 99mTc-MIBI WBS in compar-
ison with outcome after one year follow up in 26 patients 
with active MM at onset of the study. The relative risk (RR) of 
resistance to multiple regimens of chemotherapy after one 
year follow up in patients with negative to the patients with 
positive 99mTc-MIBI WBS was 1.02 (0.60-1.72). It means that the 
risk of MDR during one year follow up for a patient with posi-
tive 99mTc-MIBI WBS at onset of evaluation is not significantly 
different from that risk for a patient with negative 99mTc-MIBI 
WBS (P=0.946). The agreement between baseline PGP meas-
urement and baseline 99mTc-MIBI WBS was not significant (ka-
ppa=0.23). 

 
Table 1. 99mTc-MIBI WBS results in comparison with outcome af-
ter one year follow up in 26 patients with active multiple myelo-
ma at onset of the study

Result of 
99mTc-MIBI WBS

Outcome after one year follow up

Response  
to the treatment

No response  
to the treatment

Total

Negative
(No 99mTc-MIBI-

avid lesion)

3 7 10

(30%)* (70%) (100%)

(37.5%)** (38.9%) (38.5%)

Positive
(99mTc-MIBI-
avid lesion)

5 11 16

(31.2%) (68.8%) (100%)

(62.5%) (61.1%) (61.5%)

Total

8 18 26

(30.8%) (69.2%) (100%)

(100%) (100%) (100%)

* Row percent    ** Column percent

Discussion 
According to the results of our previous study, in MM patients 
with history of previous treatment, the sensitivity of 99mTc-
MIBI WBS for the detection of active disease was less than 
61% [3], which is close to the result of the current study. In 
both our previous and current studies, the number of pa-
tients with MDR was high. In our previous study, 67% of pa-
tients with false negative 99mTc-MIBI scan, showed no re-
sponse to multiple treatments [3], pointing to an opinion that 
low sensitivity of 99mTc-MIBI for the detection of MM lesions 
may be due to MDR, which is a problem interfering with 
99mTc-MIBI uptake [8, 9, 12]. Based on our present study re-
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1998; 16: 1677-1683. 
Ak I, Aslan V, Vardareli E et al. Assessment of the P-glycoprotein ex-12. 
pression by 99mTc-MIBI bone marrow imaging in patients with un-
treated leukaemia. Nucl Med Commun 2003; 24, 397-402. 
Del Vecchio S, Zannetti A, Aloj L et al. Inhibition of early 13. 99mTc-MIBI 
uptake by Bcl-2 anti-apoptotic protein overexpression in untreated 
breast carcinoma. Eur J Nucl Med Mol Imaging 2003; 30: 879-887.
Aloj L, Zannetti A, Caracò C et al. Bcl-2 overexpression prevents 14. 
99mTc-MIBI uptake in breast cancer cell lines. Eur J Nucl Med Mol Im-
aging 2004; 31: 521-527.
Durie BG, Salmon SE. A clinical staging system for multiple myelo-15. 
ma: correlation of measured myeloma cell mass with presenting 
clinical features, response to treatment and survival. Cancer 1975; 
36: 842-854.
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croglobulin produce a simple and powerful myeloma staging sys-
tem. Blood 1992; 80: 733-737. 
De Moerloose B, Muylaert A, Gemmel F et al. Repetitive analyses of 17. 
P-glycoprotein in chronic myeloid leukaemia. Acta Clin Belg 2000; 
55: 215-221.
Catalano L, Andretta C, Pace L et al. 18. 99mTc-sestaMIBI uptake in non-
secretory multiple myeloma. Hematology 2005; 10: 335-338.
Alexandrakis MG, Kyriakou DS, Passam F et al. Value of 19. 99mTc- sesta-
mibi scintigraphy in the detection of bone lesions in multiple mye-
loma: comparison with 99mTc-methylene diphosphonate. Ann He-
matol 2001; 80: 349-353.
Alexandrakis MG, Kyriakou DS, Passam FH et al. Correlation between 20. 
the uptake of 99mTc-MIBI and prognostic factors in patients with 
multiple myeloma. Clin Lab Haematol 2002; 24: 155-159.
Bacovsky J, Scudla V, Myslivecek M et al. Scintigraphy using 21. 99mTc-
MIBI (sestamibi), a sensitive parameter of activity of multiple myelo-
ma. Neoplasma 2005; 52: 302-306.
Ak I, Gülbaş Z. Nuclear Medicine Applications in Hemato-Oncology. 22. 
Turk J Haematol 2003;20: 189-211. 
Svaldi M, Tappa C, Gebert U et al. Technetium-99m-sestamibi scin-23. 
tigraphy: an alternative approach for diagnosis and follow-up of ac-
tive myeloma lesions after high-dose chemotherapy and autolo-
gous stem cell transplantation. Ann Hematol 2001; 80: 393-397.
Mileshkin L, Blum R, Seymour JF et al. A comparison of fluorine-18 24. 
fluoro-deoxyglucose PET and technetium-99m sestamibi in assess-
ing patients with multiple myeloma. Eur J Haematol 2004; 72: 32-37.
Villa G, Balleari E, Carletto M et al. Staging and therapy monitoring 25. 
of multiple myeloma by 99mTc-sestamibi scintigraphy: a five year 
single center experience. J Exp Clin Cancer Res 2005; 24: 355-361.
Angtuaco EJ, Fassas AB, Walker R et al. Multiple myeloma: clinical re-26. 
view and diagnostic imaging. Radiology 2004; 231: 11-23. [

not accumulate the 99mTc-MIBI, even in the early time images 
[13]. Thus, a fraction of the cases with no 99mTc-MIBI uptake 
may be associated with this kind of MDR rather than PGP 
over-expression. This may be subject for further evaluation. 
 In conclusion, according to our results, a baseline 99mTc-
MIBI scan is a useful indicator of active MM disease but this 
modality as well as PGP values do not predict drug resist-
ance.
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