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Computed tomography (CT) of the abdomen showed a 
big, hypodense area (7 X 6 X 5cm) in the right lobe of the 
liver located in segments V & VI and provisionally 
diagnosed as a case of hepatocellular carcinoma (HCC). 

Ultrasound-guided fine-needle aspiration (FNA) from liver 
SOL cytologically confirmed papillary thyroid cancer with 
metastases in the liver. The patient was referred to the 
National Institute of Nuclear Medicine & Allied Sciences 
(NINMAS) for radioactive iodine ablation therapy (RAIT) 
with a high level of pre-therapy serum thyroglobulin (Tg) 
level (> 300 ng/ml) and a high anti-Tg antibody level of 

205 U/ml. Ablation therapy was done with administration 
of 150mCi I131(5550 Mbq) at NINMAS with proper 
isolation and radiation safety measures. Post therapy 
whole-body scan (RxWBS) showed intense radio-iodine 
uptake in thyroid bed and right lobe of the liver suggesting 
iodine avidity of the solitary metastatic lesion in the liver. 
Post therapeutic routine follow-up will be done after 3 
months. As the lesion was iodine avid, so our plan was to 
repeat  RAIT prefer ably after surgical resection of the liver 
mass preferably if possible. But the patient was lost and 
proper follow up could not be done.

DISCUSSION 

The outcome of the well-differentiated thyroid carcinoma 
(WDTC) usually has a good outcome, but patients 
presenting with distant metastatic disease have less 
favorable outcomes. For this reason, many risk 
stratification algorithms are considered to be of high risk 
(18–21). Although the higher possibility of poor outcomes, 
recent treatment strategy advocates an aggressive 
approach in management with surgery and postoperative 
RAIT (20-23). Treatment consists of total thyroidectomy, 
neck dissection as indicated by the disease, followed by 
RAIT in the majority of patients. Distant metastases occur 
in up to 10% of the brain, eye, breast, liver, kidney, muscle, 
skin area are unusual (24). LMDTC from DTC is relatively 
rere, with a reported frequency of 0.5% (7). Metastatic 
liver involvement from DTC is nearly always multiple or 
diffuse and is usually found along witho ther distant 
metastases (lung, bone, and brain) (8-16).

Only ten cases have been documented in the literature; 
three were males and seven were females, with an average 
age of about 63 years (range: 32-85 years). Histologically, 
the primary tumor was identified as papillary in four 
patients, follicular in five patients, and Hurthle cell thyroid 
cancer in one patient.

Liver masses can be detected by various imaging 
modalities, such as ultrasonography and CT, and are 

usually131I negative. 131I-positive metastases are 
extremely rare. DTC liver metastasis has a poor prognosis. 
Surgical resection of liver lesions has been reported to 
offer the best chance for prolonged survival (24).

Most liver metastases from DTC are asymptomatic and 
usually revealed incidentally. This reported female patient 
had no definite complaint except swelling of the neck. 
HRUS proved multinodular goiter and bilateral enlarged 
cervical lymph nodes only could convince her for  total 
thyroidectomy but neither follow up nor RAIT for 
histologically proven FVPTC was her choice and 
negligience. As an unfortunate sequel, she presented with a 
liver mass 7 years later which was cytologically proven as a 
solitary liver metastatic lesion from papillary thyroid cancer 
and high serum Tg( > 300 ng/ml). Even after explaining the 
benefits of surgical resection followed by RAIT as there is 
chance of prolonged survival(25), the patient refused 
metastatectomy of liver in this case and opted for RAIT with 
150mCi 131 I . Unusual intense liver uptake of 131I in 
RxWBS was also a rare phenomenon in this case. 

Kondo et al. (15) reported a case of a 48-year-old Japanese 
woman who was operated (subtotal thyroidectomy) for 
follicular adenoma of her thyroid. Eight years after 
theinitial surgery, an isolated liver lesion was 
incidentally detected on abdominal CT. On histological 
examination, the nodule was entirely composed of 

small to large follicles containing colloid material. Thus 
she was diagnosed to have had minimally invasive 
follicular carcinoma with secondary isolated liver 
metastasis. The symptoms of the patient of our case had 
much similarities with their findings.

Kouso et al. (26) reported a case of follicular thyroid 
carcinomain in a 73-year-old woman who had 
undergone curative resection of thyroid carcinoma 32 
years earlier. CT of her abdomen revealed a round 
lesion, approximately 1.5 cm in diameter. She 
underwent laparotomy and partial resection of her liver. 
Histologicall diagnosis was a metastatic liver cancer 
from thyroidfollicular carcinoma.

CONCLUSION

The 131I WBS, combined with HRUS and CT scan, plays 
an important role in increasing diagnostic accuracy, 
reducing pitfalls, and modifying therapeutic strategies.
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ABSTRACT
Background: Staging of multiple myeloma (MM) requires 
quantification of lesions and serum biomarkers. Sestamibi (MIBI) scan 
can detect medullary and extra-medullary lesions whereas pathological 
fracture of MM when associated with osteoblastic activity which can be 
imaged by methyl diphosphonate (MDP). 
Patients and methods: This case report is of a biopsy proven case of 
MM with serum biomarkers inconclusive for staging. With evidence of 
multiple pathological rib fractures on conventional radiography, the 
patient was sent for MDP scan as she was unable to afford any other 
modality for whole body survey.  A complimentary MIBI scan was 
therefore done.
Results: MDP scan revealed multiple osteoblastic lesions in spine and 
ribs. The MIBI scan was conclusive for stage II active disease.  
Conclusions: MIBI scan added to diagnostic information and aided an 
inexpensive staging.  MIBI scan can be an affordable work-up tool for MM.
Key wards: Multiple Myeloma, 99mTc-MIBI Scan.
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INTRODUCTION

Multiple myeloma (MM) is a neoplastic disorder of 
plasma B-cells which is characterized by bone marrow 
infiltration resulting in over production of monoclonal 
immunoglobulins. It represents about 10% of all 
hematological malignancies and 1% of all cancers. 
Standard investigations for diagnosis of MM includes a 
complete blood count, serum biochemistry, serum and 
urine electrophoresis, and bone marrow biopsy which is 
considered as gold standard (1). Osteolytic bone lesions 
are seen in up to 90% of patients and X-ray radiography 
have been conventionally used for assessing the extent of 
bony involvement, but with limited sensitivity  (2). On the 
other hand, specificity and sensitivity of whole body 
planar bone scintigraphy with Technetium-99m methylene 
diphosphonate (99mTc MDP) for initial diagnosis, 
follow-up and evaluation of bone pain is even lower 

compared to conventional radiography primarily due to the 
osteoblastic dysfunction present in myeloma (3). 99mTc 
Sestamibi (99mTc MIBI) imaging is an alternative nuclear 
imaging modality that accurately represents myeloma 
activity in the bone marrow with high sensitivity and 
specificity (4). The ability of MIBI to concentrate in 
multiple myeloma cells has been under investigation since 
1996 and the results led to growing clinical interest in its 
role in the work-up of MM patients (5).

CASE REPORT

A 63-year-old female with referral from oncologist came 
to Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mitford, Dhaka in March’2019 for bone 
scintigraphy. Her chief complaint was bone pain for 
several months. On routine investigation, she was found to 
have hypercreatinemia (2.4 mg/dl, whereas normal level 
0.6-1.3 mg/dl) and mild hypercalcemia (11 mg/dl, whereas 
normal level 8.4-10.2 mg/dl). Peripheral blood film 
revealed combined deficiency anemia as the red blood 
corpuscles were macrocytic as well as microcytic 
&hypochromic. Urine examination for Bence Jones 
protein was negative. Her bone marrow biopsy showed 
features of plasma cell dyscrasia compatible with multiple 
myeloma. Protein electrophoresis was however 
indeterminate, showing pattern of beta fraction doubtful. 
Chest X-ray showed multiple rib fractures on right side. At 
this point of work-up the patient was unable to afford 
whole body skeletal survey and was therefore referred for 
bone scan. With this scenario in hand, we performed 99mTc 
MDP bone scan of the patient and found multiple focal areas 
of increased radiotracer concentration in thoracic & lumbar 
regions of spine with mild spinal deformities, as well as in 
multiple ribs of both sides with some of the foci in linear 
fashion suggesting pathological fracture (Figure 1). 

DISCUSSION

Follicular carcinoma is the second most prevalent of the 
thyroid carcinomas with an incidence of approximately 
10–15%. Hematogenous metastasis is common with 
spread to lung, bone and other solid organs. In less than 
10% cases of follicular carcinoma, there is evidence of 
lymphatic involvement (2). Patients with differentiated 
thyroid carcinoma (DTC) have a 10-year survival rate of 
80–95%. However, when distant metastases are present, 
the overall 10-years survival rate is 40% (3).

FTC usually behaves in an indolent manner with low 
metastatic potential. Distant metastases as initial 
presentation is rare in follicular carcinoma, especially 
in young patients. The case reported here is unusual 

since mediastinal tumors are uncommon and represent 
only 3% of the tumors seen within the chest (1). 

In reports on mediastinal masses, the incidence of 
malignant lesions ranged from 25 to 49% (4, 5). The 
anterior mediastinal tumors include teratomas, 
lymphomas, thymic cancers, thymic carcinoids, thymic 
cysts and  other metastatic tumors. Thyroid cancer rarely 
metastasizes to the mediastinum and there have been few 
reports of metastatic  mediastinal tumors  of thyroid 
origin. Follicular carcinoma is divided into minimally 
invasive and invasive variants based on morphologic 
criteria. Minimally invasive follicular carcinoma is an 
encapsulated tumor with microscopic penetration of the 
tumor capsule without vascular invasion (6, 7). Patients 

with minimally invasive follicular carcinoma tend to be 
younger than patients with invasive follicular carcinoma, 
and it has been suggested that minimally invasive 
follicular carcinoma may be a precursor to its invasive 
counterpart (8). Shaha reported an overall survival at 5, 
10, and 20 years for patients with follicular thyroid 
cancer of 85%, 80% and 76%, respectively (9). When 
patients with follicular carcinoma were divided into low, 
intermediate, and high-risk groups based on age, T stage, 
distant metastases, histologic type, and grade, their 
survival rates were 98%, 88%, and 56% at 10 years and 
97%, 87%, and 49% at 20 years, respectively. D'Avanzo 
and colleagues reported that patients with minimally 
invasive follicular carcinoma have a 98% 10-year 
survival, compared with 80% at 10 years for patients with 
angioinvasive follicular carcinoma with or without 
capsular invasion and 38% with extensive invasion of the 
tumor capsule and the thyroid parenchyma (10). The 
cause of death is most commonly from progression of 
distant metastases (11).

The case reported here is remarkable in that she survived 
more than 14 years without RAIT and/or hormone 
replacement. But it is evident that the cancer was   
progressing slowly and insidiously albeit sub-clinically 
until it became clinical with compression symptoms 12 year 
later. This slow progression is consistent with the indolent 
character of the  follicular variety of the thyroid cancer. 

The compression symptoms that the patient experienced were 
attributed to the slowly enlarging mediastinal metastasis. 
This was revealed on CT scan as a strongly enhancing soft 
tissue density mass having internal calcifications in 
anterior mediastinum.The mass compressed great vessels 
and trachea posteriorly. Core biopsy revealed metastatic 
follicular carcinoma in this patient. 

The standard procedure for initial treatment of DTC is 
surgery followed by radioiodine therapy and hormone 
replacement. The management plan may differ from 
patient to patient and depends on several risk factors. 
However surgery followed by post-operative RAIT has 
been associated with improved prognosis (12). It is a well 
established fact that optimal management of patients with 
complex thyroid cancer requires an integrated team 
approach involving endocrinologists, NM physicians, 
medical oncologists, radiation oncologists, and surgeons 

(13). Radical surgery, remnant thyroid ablation and RAIT 
all improve survival, but this is less apparent for patients 
presenting with distant metastases as this subgroup shows 
worse prognosis.  Accordingly surgery would have been 
the first choice in the management of the case presented 
here. However,  due to the sheer volume of the mass and 
tracheal invasion surgical resection was not possible. 

EBRT is recommended for palliative purposes to obtain 
local control for extensive diseases as first line therapy 
(14). The case reported here was referred to oncologist for 
EBRT  with  two goals. (1) To alleviate the compression 
symptoms (2) regression to a manageable size for 
subsequent RAIT. 

Consequently the patient received a course of 
conventional radiation with 50 Gy in 25 fractions over 4 
weeks targeting on the area volume  encompassing the 
thyroid bed and the gross disease. She tolerated EBRT 
very well  and  her stridor subsided. There was  tracheal 
inflammation and skin erythema which are expected 
side-effects of  the radiotherapy, but these were transient.  
She also had complaints of dysphagia, but did not require 
a feeding tube. The patient is now recuperating  and 
radioiodine will be considered as an adjuvant in the 
treatment plan. However, if  RAIT fails patient may  be 
considered for Tyrosine Kinase Inhibitors (TKIs)  which 
is reported to be effective for RAI-refractory DTC (15).

CONCLUSION

Outcome of DTC is excellent with early diagnosis, 
meticulous surgery, proper staging, RAIT, lifelong 
thyroxine supplementation and regular follow- up but it 
may turn aggressive without appropriate management.

Individualized and an alternative therapeutic approach 
should be considered in patients of DTC with inoperable, 
huge metastatic mediastinal mass. Palliative use of  
EBRT for local control of extensive disease may be 
considered as first line of therapy; when other modality of 
treatment cannot be applied. Radiotherapy (RT) seems 
effective in relieving compression symptoms and may 
prolong survival and improve QOL.
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Considering the diagnostic constraint in this case, we 
decided to explore the tumor seeking capacity of MIBI 
and scanned the patient with Tc-99m MIBI after three 
days. Whole body planar 99mTc MIBI scan revealed 
mixed pattern of marrow uptake consisting of multiple (at 
least five) focal areas along with diffuse areas of 
moderately intense (more than skeletal muscle but less 

than myocardium) uptake in the thoracolumbar vertebrae, 
humeri and femora. In addition, extra- medullary intense 
uptake was seen in liver; altogether suggestive of stage II 
active disease (Figure 2). To check and compare with a 
physiological reference distribution of tracer, a planer 
scan was performed on a consenting volunteer injected 
with 99mTc MIBI for other valid clinical indication.

DISCUSSION

Clinical manifestations of multiple myeloma
MM results from clonal proliferation of malignant 
plasma cells in the bone marrow resulting in 
overabundance of aberrant antibodies. Complications of 
MM include hypercalcemia, renal failure, anemia and 
osteolytic lesions, all known as the CRAB criteria. 
Advanced stage MM may present with spinal cord 
compression due to tumor mass and pathological fracture 
of bone (8) owing to bone destruction in MM which in 
turn is attributed to increased osteoclastic bone 
reabsorption along with a reduced osteoblastic activity. 
Up to 90% of patients may develop osteolytic lesions 
during the course of the disease irrespective of initial 
skeletal involvement. Lesions typically occur in the axial 
skeleton and proximal areas of arms and legs, but can 
involve all bones(9). Extra-medullary lesions may occur 
in 7-18% cases of MM (10). 

Transmission imaging modalities for multiple myeloma work-up
The updated Durie-Salmon PLUS system for MM 
staging, which was found to be determinative of 
treatment response and survival outcome incorporates 
lesion quantification from whole body imaging survey in 
addition to serum biomarkers (11). Historically the 
Mirels score on conventional radiography (CR) predicted 

risk of fracture and guided to select between radiotherapy 
or preventive osteosynthesis as an intervention in patients 
with MM (12). However, CR has failed to differentiate 
between active and residual nature of osteolysis as well as 
it failed to identify MM infiltration to bone marrow and 
soft tissue (13). CR has a long known drawback of 
false-negative rate of up to 70% owing to its ability of 
detecting lytic lesion only when 30–50% of the bone 
mineral density is already lost (1). On contrary, an early, 
accurate and quantifiable estimate of decalcification is 
obtainable from computed tomography (CT), magnetic 
resonance imaging (MRI) and Dual energy x ray 
absorptiometry (DEXA) (12). The higher sensitivity of 
whole body CT is however outweighed by its cost and 
radiation burden to preclude its acceptance as a screening 
modality (1).Though MRI can provide assessment of 
tumor burden by identifying MM associated fatty 
infiltration of bone marrow and the guidelines originated 
from advanced world favor use of whole body MRI (4), 
the cost and availability of this modality hinders its 
suitability in Bangladesh (14).
Clinical applicability of emission imaging modalities in 
multiple myeloma

Bone scintigraphy using 99mTc MDP is accused to miss up 
to 50% bone lesions and then has been disfavored in 
recent influential recommendation (15). Nonetheless, it 

can pick the osteoblastic activity of MM in response to a 
pathological compression fracture of vertebral body or 
pelvic insufficiency fracture (1) while a recent series 
from limited resource set-up observes 84% sensitivity of 
MDP scan for lesion detection (15).

Hybrid Positron Emission Tomography-Computed 
Tomography (PET-CT) with F-18-Fluoro-deoxy 
glucose (FDG) is increasingly proven useful for initial 
diagnosis, for detection of medullary and extra-medullary 
disease, for post therapy assessment of response and for 
differentiation of relapsed active disease from residual 
morphological scars (16). Accessibility and affordability 
of F-18-FDG PET-CT is however yet to achieve in 
Bangladesh (17).
99mTc MIBI scan in comparison to F-18-FDG PET is 
affordable, technically less demanding and has wider 
availability in Bangladesh through the INMASes. MIBI 
positivity is a surrogate of bone marrow plasma cell 
infiltration and cytogenetic abnormality, and thus can 
guide bone marrow biopsy (6,7) especially in cases of 
focal infiltration where biopsy has a high chance to miss 
the disease (13). 99mTc MIBI imaging can identify both 
skeletal and extra-medullary soft tissue lesions of MM 
with the overall sensitivity of about 92% and specificity 
96%. It has been found to be superior to PET/CT for the 
visualization of diffuse disease and can even show 
indolent or very low level myeloma which is not 
detectable on PET/CT (1,18). Compared to MRI, Tc-99m 
MIBI underestimates the extent of bone marrow 
infiltration in the spine, skull and long bones but shows 
superiority in detecting lytic lesions in the ribcage. 
Besides, it is also able to predict overall disease prognosis 
better than MRI. Moreover, MIBI scan unlike MRI is less 
time consuming, more comfortable for the patient, can 
achieve image of all important bone compartments in one 
single examination (4,19) and therefore cheaper than 
whole body MRI.

Patterns for whole body distribution of 99mTc-MIBI in 
MM was described, classified and correlated with 
advancing stage by Pace et al (6). Baseline patterns of 
MIBI uptake were found to be correlated with overall 
survival (13,19). Moreover, the subjective categorization 
of diffuse lesion in Durie-Salmon PLUS staging system 
was overcome by the extent and intensity score of Pace et 

al (6) which has been further elaborated by Giovanelle et 
al (7). 99mTc-MIBI planar imaging however is likely to 
miss the para-cardiac, paravertebral and cervical lesions 
which is better appreciated by SPECT. False positive 
detection of physiological skeletal muscle activity can be 
discerned by hybrid SPECT-CT (18). Finally, a pooled 
meta-analysis of 17 studies comprising of 575 patients 
revealed comparable diagnostic performance of 
18-F-FDG-PET-CT, MIBI Scan and MRI for detection of 
bone disease (20). 

CONCLUSIONS

Traditionally, multiple myeloma has been considered as a 
disease where radionuclide scintigraphy plays a very 
limited role. Whole body CT, MRI or PET-CT scan for 
skeletal survey is not always available or cost-effective in 
context of Bangladesh. Utilization of a radiotracer like 
MIBI which can be availed readily even in our limited 
resource country might bring positive effect to multiple 
myeloma patient management. 
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Considering the diagnostic constraint in this case, we 
decided to explore the tumor seeking capacity of MIBI 
and scanned the patient with Tc-99m MIBI after three 
days. Whole body planar 99mTc MIBI scan revealed 
mixed pattern of marrow uptake consisting of multiple (at 
least five) focal areas along with diffuse areas of 
moderately intense (more than skeletal muscle but less 

than myocardium) uptake in the thoracolumbar vertebrae, 
humeri and femora. In addition, extra- medullary intense 
uptake was seen in liver; altogether suggestive of stage II 
active disease (Figure 2). To check and compare with a 
physiological reference distribution of tracer, a planer 
scan was performed on a consenting volunteer injected 
with 99mTc MIBI for other valid clinical indication.

DISCUSSION

Clinical manifestations of multiple myeloma
MM results from clonal proliferation of malignant 
plasma cells in the bone marrow resulting in 
overabundance of aberrant antibodies. Complications of 
MM include hypercalcemia, renal failure, anemia and 
osteolytic lesions, all known as the CRAB criteria. 
Advanced stage MM may present with spinal cord 
compression due to tumor mass and pathological fracture 
of bone (8) owing to bone destruction in MM which in 
turn is attributed to increased osteoclastic bone 
reabsorption along with a reduced osteoblastic activity. 
Up to 90% of patients may develop osteolytic lesions 
during the course of the disease irrespective of initial 
skeletal involvement. Lesions typically occur in the axial 
skeleton and proximal areas of arms and legs, but can 
involve all bones(9). Extra-medullary lesions may occur 
in 7-18% cases of MM (10). 

Transmission imaging modalities for multiple myeloma work-up
The updated Durie-Salmon PLUS system for MM 
staging, which was found to be determinative of 
treatment response and survival outcome incorporates 
lesion quantification from whole body imaging survey in 
addition to serum biomarkers (11). Historically the 
Mirels score on conventional radiography (CR) predicted 

risk of fracture and guided to select between radiotherapy 
or preventive osteosynthesis as an intervention in patients 
with MM (12). However, CR has failed to differentiate 
between active and residual nature of osteolysis as well as 
it failed to identify MM infiltration to bone marrow and 
soft tissue (13). CR has a long known drawback of 
false-negative rate of up to 70% owing to its ability of 
detecting lytic lesion only when 30–50% of the bone 
mineral density is already lost (1). On contrary, an early, 
accurate and quantifiable estimate of decalcification is 
obtainable from computed tomography (CT), magnetic 
resonance imaging (MRI) and Dual energy x ray 
absorptiometry (DEXA) (12). The higher sensitivity of 
whole body CT is however outweighed by its cost and 
radiation burden to preclude its acceptance as a screening 
modality (1).Though MRI can provide assessment of 
tumor burden by identifying MM associated fatty 
infiltration of bone marrow and the guidelines originated 
from advanced world favor use of whole body MRI (4), 
the cost and availability of this modality hinders its 
suitability in Bangladesh (14).
Clinical applicability of emission imaging modalities in 
multiple myeloma

Bone scintigraphy using 99mTc MDP is accused to miss up 
to 50% bone lesions and then has been disfavored in 
recent influential recommendation (15). Nonetheless, it 

can pick the osteoblastic activity of MM in response to a 
pathological compression fracture of vertebral body or 
pelvic insufficiency fracture (1) while a recent series 
from limited resource set-up observes 84% sensitivity of 
MDP scan for lesion detection (15).

Hybrid Positron Emission Tomography-Computed 
Tomography (PET-CT) with F-18-Fluoro-deoxy 
glucose (FDG) is increasingly proven useful for initial 
diagnosis, for detection of medullary and extra-medullary 
disease, for post therapy assessment of response and for 
differentiation of relapsed active disease from residual 
morphological scars (16). Accessibility and affordability 
of F-18-FDG PET-CT is however yet to achieve in 
Bangladesh (17).
99mTc MIBI scan in comparison to F-18-FDG PET is 
affordable, technically less demanding and has wider 
availability in Bangladesh through the INMASes. MIBI 
positivity is a surrogate of bone marrow plasma cell 
infiltration and cytogenetic abnormality, and thus can 
guide bone marrow biopsy (6,7) especially in cases of 
focal infiltration where biopsy has a high chance to miss 
the disease (13). 99mTc MIBI imaging can identify both 
skeletal and extra-medullary soft tissue lesions of MM 
with the overall sensitivity of about 92% and specificity 
96%. It has been found to be superior to PET/CT for the 
visualization of diffuse disease and can even show 
indolent or very low level myeloma which is not 
detectable on PET/CT (1,18). Compared to MRI, Tc-99m 
MIBI underestimates the extent of bone marrow 
infiltration in the spine, skull and long bones but shows 
superiority in detecting lytic lesions in the ribcage. 
Besides, it is also able to predict overall disease prognosis 
better than MRI. Moreover, MIBI scan unlike MRI is less 
time consuming, more comfortable for the patient, can 
achieve image of all important bone compartments in one 
single examination (4,19) and therefore cheaper than 
whole body MRI.

Patterns for whole body distribution of 99mTc-MIBI in 
MM was described, classified and correlated with 
advancing stage by Pace et al (6). Baseline patterns of 
MIBI uptake were found to be correlated with overall 
survival (13,19). Moreover, the subjective categorization 
of diffuse lesion in Durie-Salmon PLUS staging system 
was overcome by the extent and intensity score of Pace et 

al (6) which has been further elaborated by Giovanelle et 
al (7). 99mTc-MIBI planar imaging however is likely to 
miss the para-cardiac, paravertebral and cervical lesions 
which is better appreciated by SPECT. False positive 
detection of physiological skeletal muscle activity can be 
discerned by hybrid SPECT-CT (18). Finally, a pooled 
meta-analysis of 17 studies comprising of 575 patients 
revealed comparable diagnostic performance of 
18-F-FDG-PET-CT, MIBI Scan and MRI for detection of 
bone disease (20). 

CONCLUSIONS

Traditionally, multiple myeloma has been considered as a 
disease where radionuclide scintigraphy plays a very 
limited role. Whole body CT, MRI or PET-CT scan for 
skeletal survey is not always available or cost-effective in 
context of Bangladesh. Utilization of a radiotracer like 
MIBI which can be availed readily even in our limited 
resource country might bring positive effect to multiple 
myeloma patient management. 

REFERENCES
1.   Healy CF, Murray JG, Eustace SJ, Madewell J, O'gorman PJ, O'sullivan P. 

Multiple myeloma: a review of imaging features and radiological 
techniques. Bone marrow research. 2011;2011.

2.   Smith A, Wisloff F, Samson D, UK Myeloma Forum, Nordic Myeloma 
Study Group and British Committee for Standards in Haematology. 
Guidelines on the diagnosis and management of multiple myeloma 2005. 
British journal of haematology. 2006 Feb;132(4):410-51.

3.   Ludwig H, Kumpan W, Sinzinger H. Radiography and bone scintigraphy 
in multiple myeloma; a comparative analysis. The British journal of 
radiology. 1982 Mar;55(651):173-81. 

4.   Khalafallah AA, Snarski A, Heng R, Hughes R, Renu S, Arm J, Dutchke 
R, Robertson IK, To LB. Assessment of whole body MRI and sestamibi 
technetium-99m bone marrow scan in prediction of multiple myeloma 
disease progression and outcome: a prospective comparative study. BMJ 
open. 2013 Jan 1;3(1).

5.   Jonsson C, Jacobsson H. Accumulation of 99m Tc-MIBI in bone marrow. 
Annals of nuclear medicine. 1996 Sep 1;10(3):281-5.

6.   Palmer IM. Biodiversity and ecosystem processes. Ambio. 1997 
Dec;26(8).

7.   Giovanella L, Taborelli M, Ceriani L, Zucca E, Cavalli F, Delaloye AB. 
99mTc-sestamibi imaging and bone marrow karyotyping in the 
assessment of multiple myeloma and MGUS. Nuclear medicine 
communications. 2008 Jun 1;29(6):535-41.

8.   Choudhury S, Sultana TA, Islam MS, Islam MA, Khanam PA. Multiple 
Myeloma-A hospital based cross sectional study in Bangladesh. Journal of 
the Asiatic Society of Bangladesh, Science. 2012;38(2):189-98.

9.   Yaccoby S. Advances in the understanding of myeloma bone disease and 
tumour growth. British journal of haematology. 2010 May;149(3):311-21.

10.   Bladé J, Fernandez de Larrea C, Rosinol L, Cibeira MT, Jiménez R, 

Figure 3: 99mTc-MIBI whole body planar scan in a consenting volunteer who was injected with radiotracer for clinically 
indicated SPECT myocardial perfusion imaging, imaged for visual comparison of physiological tracer distribution. 
Intense uptake is seen in gall bladder and intestines; moderate uptake in salivary glands, myocardium, liver and 
skeletal muscles; faint uptake in spleen, kidneys, urinary tract and thyroid. There is no osseous uptake at all.

Powles R. Soft-tissue plasmacytomas in multiple myeloma: incidence, 
mechanisms of extramedullary spread, and treatment approach. Journal of 
Clinical Oncology. 2011 Oct 1;29(28):3805-12.

11.   Filonzi G, Mancuso K, Zamagni E, Nanni C, Spinnato P, Cavo M, Fanti S, 
Salizzoni E, Bazzocchi A. A comparison of different staging systems for 
multiple myeloma: can the MRI pattern play a prognostic role?. American 
Journal of Roentgenology. 2017 Jul;209(1):152-8.

12.   Vanicek J, Szturz P, Rehak Z, Kianicka B, Bulik M. Benefits of Individual 
Imaging Methods for Diagnosis and Monitoring of Activity of Multiple 
Myeloma. Klinicka onkologie: casopis Ceske a Slovenske onkologicke 
spolecnosti. 2012;25(3):166-72. 

13.   Bacovsky J, Myslivecek M, Scudla V, Koranda P, Buriankova E, Minarik 
J, Pika T, Zapletalova J. Tc-99m MIBI scintigraphy in multiple myeloma: 
Prognostic value of different Tc-99m MIBI uptake patterns. Clinical 
Nuclear Medicine. 2010 Sep 1;35(9):667-70.

14.   Chowdhury AA, Hassan MS, Chowdhury AR, Farahnaj S, Haque MI, 
Chowdhury M. Price of Imaging Tests and Access of Patients to Modern 
Health Care Facilities across the Developing and Better-Off Countries: A 
Comparative Study. Resonance. 2016;88(106.34):106-34.

15.   Sadeghi MV, Sedaghat S. Is 99m Tc-methylene diphosphonate bone 
scintigraphy a sensitive method for detecting bone lesions in multiple 
myeloma?. Caspian Journal of Internal Medicine. 2018;9(2):140.

16.   Jamet B, Bailly C, Carlier T, Touzeau C, Nanni C, Zamagni E, Barré L, 
Michaud AV, Chérel M, Moreau P, Bodet-Milin C. Interest of pet imaging 
in multiple myeloma. Frontiers in medicine. 2019 Apr 9;6:69. 

17.   Lee DS, Lee YS, Lee JS, Suh MS. Promotion of Nuclear Medicine-Related 
Sciences in Developing Countries. Nuclear medicine and molecular 
imaging. 2019 Apr 1;53(2):73-82.

18.   Luthra K, Bhave A, Lele RD. Tc 99m Sestamibi Scanning in Multiple 
Myeloma--a New look with SPECT-CT. J Assoc Physicians India. 2014 
Sep;62(9):801-12.

19.   Fonti R, Pace L, Cerchione C, Catalano L, Salvatore B, De Luca S, Pane 
F, Salvatore M, Del Vecchio S. 18F-FDG PET/CT, 99mTc-MIBI, and 
MRI in the prediction of outcome of patients with multiple myeloma: a 
comparative study. Clinical Nuclear Medicine. 2015 Apr 1;40(4):303-8.

20.   Weng WW, Dong MJ, Zhang J, Yang J, Xu Q, Zhu YJ, Liu NH. A 
systematic review of MRI, scintigraphy, FDG-PET and PET/CT for 
diagnosis of multiple myeloma related bone disease-which is best?. Asian 
Pacific Journal of Cancer Prevention. 2014;15(22):9879-84.



Naznin  et.  alBangladesh J. Nucl. Med. Vol. 22 No. 2 July  2019

153

Considering the diagnostic constraint in this case, we 
decided to explore the tumor seeking capacity of MIBI 
and scanned the patient with Tc-99m MIBI after three 
days. Whole body planar 99mTc MIBI scan revealed 
mixed pattern of marrow uptake consisting of multiple (at 
least five) focal areas along with diffuse areas of 
moderately intense (more than skeletal muscle but less 

than myocardium) uptake in the thoracolumbar vertebrae, 
humeri and femora. In addition, extra- medullary intense 
uptake was seen in liver; altogether suggestive of stage II 
active disease (Figure 2). To check and compare with a 
physiological reference distribution of tracer, a planer 
scan was performed on a consenting volunteer injected 
with 99mTc MIBI for other valid clinical indication.

DISCUSSION

Clinical manifestations of multiple myeloma
MM results from clonal proliferation of malignant 
plasma cells in the bone marrow resulting in 
overabundance of aberrant antibodies. Complications of 
MM include hypercalcemia, renal failure, anemia and 
osteolytic lesions, all known as the CRAB criteria. 
Advanced stage MM may present with spinal cord 
compression due to tumor mass and pathological fracture 
of bone (8) owing to bone destruction in MM which in 
turn is attributed to increased osteoclastic bone 
reabsorption along with a reduced osteoblastic activity. 
Up to 90% of patients may develop osteolytic lesions 
during the course of the disease irrespective of initial 
skeletal involvement. Lesions typically occur in the axial 
skeleton and proximal areas of arms and legs, but can 
involve all bones(9). Extra-medullary lesions may occur 
in 7-18% cases of MM (10). 

Transmission imaging modalities for multiple myeloma work-up
The updated Durie-Salmon PLUS system for MM 
staging, which was found to be determinative of 
treatment response and survival outcome incorporates 
lesion quantification from whole body imaging survey in 
addition to serum biomarkers (11). Historically the 
Mirels score on conventional radiography (CR) predicted 

risk of fracture and guided to select between radiotherapy 
or preventive osteosynthesis as an intervention in patients 
with MM (12). However, CR has failed to differentiate 
between active and residual nature of osteolysis as well as 
it failed to identify MM infiltration to bone marrow and 
soft tissue (13). CR has a long known drawback of 
false-negative rate of up to 70% owing to its ability of 
detecting lytic lesion only when 30–50% of the bone 
mineral density is already lost (1). On contrary, an early, 
accurate and quantifiable estimate of decalcification is 
obtainable from computed tomography (CT), magnetic 
resonance imaging (MRI) and Dual energy x ray 
absorptiometry (DEXA) (12). The higher sensitivity of 
whole body CT is however outweighed by its cost and 
radiation burden to preclude its acceptance as a screening 
modality (1).Though MRI can provide assessment of 
tumor burden by identifying MM associated fatty 
infiltration of bone marrow and the guidelines originated 
from advanced world favor use of whole body MRI (4), 
the cost and availability of this modality hinders its 
suitability in Bangladesh (14).
Clinical applicability of emission imaging modalities in 
multiple myeloma

Bone scintigraphy using 99mTc MDP is accused to miss up 
to 50% bone lesions and then has been disfavored in 
recent influential recommendation (15). Nonetheless, it 

can pick the osteoblastic activity of MM in response to a 
pathological compression fracture of vertebral body or 
pelvic insufficiency fracture (1) while a recent series 
from limited resource set-up observes 84% sensitivity of 
MDP scan for lesion detection (15).

Hybrid Positron Emission Tomography-Computed 
Tomography (PET-CT) with F-18-Fluoro-deoxy 
glucose (FDG) is increasingly proven useful for initial 
diagnosis, for detection of medullary and extra-medullary 
disease, for post therapy assessment of response and for 
differentiation of relapsed active disease from residual 
morphological scars (16). Accessibility and affordability 
of F-18-FDG PET-CT is however yet to achieve in 
Bangladesh (17).
99mTc MIBI scan in comparison to F-18-FDG PET is 
affordable, technically less demanding and has wider 
availability in Bangladesh through the INMASes. MIBI 
positivity is a surrogate of bone marrow plasma cell 
infiltration and cytogenetic abnormality, and thus can 
guide bone marrow biopsy (6,7) especially in cases of 
focal infiltration where biopsy has a high chance to miss 
the disease (13). 99mTc MIBI imaging can identify both 
skeletal and extra-medullary soft tissue lesions of MM 
with the overall sensitivity of about 92% and specificity 
96%. It has been found to be superior to PET/CT for the 
visualization of diffuse disease and can even show 
indolent or very low level myeloma which is not 
detectable on PET/CT (1,18). Compared to MRI, Tc-99m 
MIBI underestimates the extent of bone marrow 
infiltration in the spine, skull and long bones but shows 
superiority in detecting lytic lesions in the ribcage. 
Besides, it is also able to predict overall disease prognosis 
better than MRI. Moreover, MIBI scan unlike MRI is less 
time consuming, more comfortable for the patient, can 
achieve image of all important bone compartments in one 
single examination (4,19) and therefore cheaper than 
whole body MRI.

Patterns for whole body distribution of 99mTc-MIBI in 
MM was described, classified and correlated with 
advancing stage by Pace et al (6). Baseline patterns of 
MIBI uptake were found to be correlated with overall 
survival (13,19). Moreover, the subjective categorization 
of diffuse lesion in Durie-Salmon PLUS staging system 
was overcome by the extent and intensity score of Pace et 

al (6) which has been further elaborated by Giovanelle et 
al (7). 99mTc-MIBI planar imaging however is likely to 
miss the para-cardiac, paravertebral and cervical lesions 
which is better appreciated by SPECT. False positive 
detection of physiological skeletal muscle activity can be 
discerned by hybrid SPECT-CT (18). Finally, a pooled 
meta-analysis of 17 studies comprising of 575 patients 
revealed comparable diagnostic performance of 
18-F-FDG-PET-CT, MIBI Scan and MRI for detection of 
bone disease (20). 

CONCLUSIONS

Traditionally, multiple myeloma has been considered as a 
disease where radionuclide scintigraphy plays a very 
limited role. Whole body CT, MRI or PET-CT scan for 
skeletal survey is not always available or cost-effective in 
context of Bangladesh. Utilization of a radiotracer like 
MIBI which can be availed readily even in our limited 
resource country might bring positive effect to multiple 
myeloma patient management. 
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Considering the diagnostic constraint in this case, we 
decided to explore the tumor seeking capacity of MIBI 
and scanned the patient with Tc-99m MIBI after three 
days. Whole body planar 99mTc MIBI scan revealed 
mixed pattern of marrow uptake consisting of multiple (at 
least five) focal areas along with diffuse areas of 
moderately intense (more than skeletal muscle but less 

than myocardium) uptake in the thoracolumbar vertebrae, 
humeri and femora. In addition, extra- medullary intense 
uptake was seen in liver; altogether suggestive of stage II 
active disease (Figure 2). To check and compare with a 
physiological reference distribution of tracer, a planer 
scan was performed on a consenting volunteer injected 
with 99mTc MIBI for other valid clinical indication.

DISCUSSION

Clinical manifestations of multiple myeloma
MM results from clonal proliferation of malignant 
plasma cells in the bone marrow resulting in 
overabundance of aberrant antibodies. Complications of 
MM include hypercalcemia, renal failure, anemia and 
osteolytic lesions, all known as the CRAB criteria. 
Advanced stage MM may present with spinal cord 
compression due to tumor mass and pathological fracture 
of bone (8) owing to bone destruction in MM which in 
turn is attributed to increased osteoclastic bone 
reabsorption along with a reduced osteoblastic activity. 
Up to 90% of patients may develop osteolytic lesions 
during the course of the disease irrespective of initial 
skeletal involvement. Lesions typically occur in the axial 
skeleton and proximal areas of arms and legs, but can 
involve all bones(9). Extra-medullary lesions may occur 
in 7-18% cases of MM (10). 

Transmission imaging modalities for multiple myeloma work-up
The updated Durie-Salmon PLUS system for MM 
staging, which was found to be determinative of 
treatment response and survival outcome incorporates 
lesion quantification from whole body imaging survey in 
addition to serum biomarkers (11). Historically the 
Mirels score on conventional radiography (CR) predicted 

risk of fracture and guided to select between radiotherapy 
or preventive osteosynthesis as an intervention in patients 
with MM (12). However, CR has failed to differentiate 
between active and residual nature of osteolysis as well as 
it failed to identify MM infiltration to bone marrow and 
soft tissue (13). CR has a long known drawback of 
false-negative rate of up to 70% owing to its ability of 
detecting lytic lesion only when 30–50% of the bone 
mineral density is already lost (1). On contrary, an early, 
accurate and quantifiable estimate of decalcification is 
obtainable from computed tomography (CT), magnetic 
resonance imaging (MRI) and Dual energy x ray 
absorptiometry (DEXA) (12). The higher sensitivity of 
whole body CT is however outweighed by its cost and 
radiation burden to preclude its acceptance as a screening 
modality (1).Though MRI can provide assessment of 
tumor burden by identifying MM associated fatty 
infiltration of bone marrow and the guidelines originated 
from advanced world favor use of whole body MRI (4), 
the cost and availability of this modality hinders its 
suitability in Bangladesh (14).
Clinical applicability of emission imaging modalities in 
multiple myeloma

Bone scintigraphy using 99mTc MDP is accused to miss up 
to 50% bone lesions and then has been disfavored in 
recent influential recommendation (15). Nonetheless, it 

can pick the osteoblastic activity of MM in response to a 
pathological compression fracture of vertebral body or 
pelvic insufficiency fracture (1) while a recent series 
from limited resource set-up observes 84% sensitivity of 
MDP scan for lesion detection (15).

Hybrid Positron Emission Tomography-Computed 
Tomography (PET-CT) with F-18-Fluoro-deoxy 
glucose (FDG) is increasingly proven useful for initial 
diagnosis, for detection of medullary and extra-medullary 
disease, for post therapy assessment of response and for 
differentiation of relapsed active disease from residual 
morphological scars (16). Accessibility and affordability 
of F-18-FDG PET-CT is however yet to achieve in 
Bangladesh (17).
99mTc MIBI scan in comparison to F-18-FDG PET is 
affordable, technically less demanding and has wider 
availability in Bangladesh through the INMASes. MIBI 
positivity is a surrogate of bone marrow plasma cell 
infiltration and cytogenetic abnormality, and thus can 
guide bone marrow biopsy (6,7) especially in cases of 
focal infiltration where biopsy has a high chance to miss 
the disease (13). 99mTc MIBI imaging can identify both 
skeletal and extra-medullary soft tissue lesions of MM 
with the overall sensitivity of about 92% and specificity 
96%. It has been found to be superior to PET/CT for the 
visualization of diffuse disease and can even show 
indolent or very low level myeloma which is not 
detectable on PET/CT (1,18). Compared to MRI, Tc-99m 
MIBI underestimates the extent of bone marrow 
infiltration in the spine, skull and long bones but shows 
superiority in detecting lytic lesions in the ribcage. 
Besides, it is also able to predict overall disease prognosis 
better than MRI. Moreover, MIBI scan unlike MRI is less 
time consuming, more comfortable for the patient, can 
achieve image of all important bone compartments in one 
single examination (4,19) and therefore cheaper than 
whole body MRI.

Patterns for whole body distribution of 99mTc-MIBI in 
MM was described, classified and correlated with 
advancing stage by Pace et al (6). Baseline patterns of 
MIBI uptake were found to be correlated with overall 
survival (13,19). Moreover, the subjective categorization 
of diffuse lesion in Durie-Salmon PLUS staging system 
was overcome by the extent and intensity score of Pace et 

al (6) which has been further elaborated by Giovanelle et 
al (7). 99mTc-MIBI planar imaging however is likely to 
miss the para-cardiac, paravertebral and cervical lesions 
which is better appreciated by SPECT. False positive 
detection of physiological skeletal muscle activity can be 
discerned by hybrid SPECT-CT (18). Finally, a pooled 
meta-analysis of 17 studies comprising of 575 patients 
revealed comparable diagnostic performance of 
18-F-FDG-PET-CT, MIBI Scan and MRI for detection of 
bone disease (20). 

CONCLUSIONS

Traditionally, multiple myeloma has been considered as a 
disease where radionuclide scintigraphy plays a very 
limited role. Whole body CT, MRI or PET-CT scan for 
skeletal survey is not always available or cost-effective in 
context of Bangladesh. Utilization of a radiotracer like 
MIBI which can be availed readily even in our limited 
resource country might bring positive effect to multiple 
myeloma patient management. 
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