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Diagnostic Accuracy of Tc-99m-MIBI for Breast Carcinoma in
Correlation with Mammography and Sonography
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ABSTRACT

Objective: To evaluate the accuracy of 99mTc-MIBI scintimammography (SMM) in differentiating malignant breast cancer
from benign breast mass and in detecting axillary lymph node metastasis in comparison with mammography and
ultrasonography.

Study Design: Comparative cross-sectional study.

Place and Duration of Study: At the Karachi Institute of Radiotherapy and Nuclear Medicine (KIRAN), Karachi, from
December 2006 to May 2007.

Methodology: A total of 28 patients (both with breast lumps or/and axillary masses) included were in the study. They
underwent clinical examination, mammography and ultrasound imaging followed by planar SMM using a single head
detector. All subjects received a 740-1110 MBq bolus injection of 9mTc-Sestamibi. 5-10 minutes and 1 hour delayed
images were acquired after the injection. SMM scans were considered positive when there was focal area of increased
radiotracer uptake. Qualitative (visual) as well as quantitative evaluation of scans was done and compared with ultrasound
and mammography, taking histopathology as Gold standard. Sensitivity, specificity, negative and positive predictive values
(NPV and PPV respectively) were determined.

Results: There were 22 patients presenting with breast lesions (20 palpable, 2 non-palpable) and 6 patients with axillary
lump. Scintimammography accurately predicted malignant lesions in the breast (sensitivity 93.3%, specificity. 71.4%, PPV
87.5%, NPV 83.3%, overall accuracy 86.4%) as well as in patients with axillary metastasis (sensitivity 100%, specificity
66%, PPV 75%, NPV 100%, accuracy 83%). A combination of scintimammography with any other imaging modality
provides better results than a single test to detect breast cancer.

Conclusion: SMM has good diagnostic accuracy in the detection of breast cancer as well as in axillary metastasis in
association with mammography and ultrasound.
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INTRODUCTION

Breast cancer is one of the leading cause of cancer
deaths in women today, second only to lung cancer.!
Early detection is the best means of improving survival

may require tissue diagnosis.3 But its specificity is
reportedly not stable. Other modalities such as
thermography, CT and MRI have also failed to
demonstrate an advantage over mammography.4

for beast cancer victims. Therefore, efforts have been
directed towards the development of early detection
tools that would lead to a better characterization of
malignant lesions.

Today X-ray mammography (XMM) remains the
modality of choice for screening, due to its high
sensitivity. However, it has a low positive predictive
value.2 Ultrasonography (U/S) has proven to be of
benefit in separating benign simple cysts, which are
unlikely to be malignant, from complex masses, which
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Scintimammography imaging with tumour-avid tracers
(most commonly Tc-99m-Sestamibi) can accurately
diagnose primary breast cancer especially in dense
breast, demonstrating sensitivities of 80-94% and
specificities of 73-93%.256 Evidence further suggests
that this modality may also have a role in evaluating the
axillary adenopathy.2.7

The study was carried out to assess the clinical value of
Tc-99m-MIBI  scintimammography by analyzing
sensitivity, specificity, positive predictive value, negative
predictive value and accuracy in differentiating breast
cancer from benign breast mass and in detecting axillary
lymph node metastasis in comparison with mammo-
graphy and ultrasonography.

METHODOLOGY

It was a comparative cross-sectional study conducted at
the Karachi Institute of Radiotherapy and Nuclear
Medicine (KIRAN), Karachi, from December 2006 to
May 2007.
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Those who presented with palpable mass or lump in
either of the breasts and/or axilla or have positive or
intermediate findings on a mammogram were included
in the study. Medically unstable patients, lactating or
pregnant women and patients with a history of recent
surgery (within a week) were excluded from the study.
Selected subjects were divided into two groups of A and
B respectively.

After obtaining informed consent, all of them underwent
clinical examination, conventional mammography and
ultrasonography, followed by planar scintimammo-
graphy (SMM). SMM images were acquired using a
single headed gamma camera equipped with a Low-
Energy All Purpose (LEAP) collimator, 10 minutes
(early) and 60-90 minutes (delayed) after an intravenous
injection of 740 MBq (20 mCi) Tc-99m-Sestamibi in the
antecubital vein contralateral to the affected breast or in
the dorsalis pedis vein of either foot. Images were
obtained in prone lateral and supine anterior position
with arms raised above the head to improve the
visualization of the axilla. For prone lateral imaging,
patients were laid in a prone position on a foam cushion
designed for breast imaging overlying the imaging table,
which permitted the breast to hang freely.

The images were analyzed visually as well as
quantitatively. For visual analysis, assessment of
scintimammograms was done by two independent,
experienced nuclear medicine physicians, who were
blinded to the clinical information of the patients.
Disagreements between the two were resolved by
consensus, with a third observer acting as a referee and
evaluated for focal uptake in the tumour mass and
axillary lymph node. Any focal high intense radiotracer
activity greater than surrounding background activity,
was accepted as a positive result (Figure 1).

Quantitative analysis of scans was performed using
Regions Of Interest (ROIs) techniques and tumour to
normal background ratio (T/B) was calculated for the
early and delayed images.
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Figure 1: A 55-year-old female presented with mass in the upper outer
quadrant of left breast.

Later on, all patients underwent core biopsy of the
breast/axillary lesions. Comparison was done between
imaging modalities and histopathology; the latter taken
as a Gold standard.

The sensitivity, specificity, positive predictive value,
negative predictive value and accuracy of scintimammo-
graphy, mammography and ultrasound were calculated.
Fischer’s exact probability test was applied to compare
the level of significance between the imaging modalities,
used in the study with histopathological results.
Student’s t-test was applied to find the relationships
between the quantifiable data (i.e. mean + S.D of early
and delayed counts). Correlation between scintimammo-
graphy, mammography and ultrasonography was
performed by using the Pearson correlation. A
statistically significant difference was considered when
p-values were < 0.05.

RESULTS

A total of 28 women (mean age, 36.5 years; median
age, 40 years; ranging from 17-80 years) were included
in the study. Twenty two women presented with primary
breast lump (20 palpable, 2 impalpable), without axillary
lymph node involvement, while 6 had at least one
axillary palpable lymph node along with the primary
breast tumour.

Out of the 20 patients with palpable breast lesions, 10
presented with masses on the left side while 9 patients
had a mass on the right side and the remaining one
patient had bilateral masses. Two patients had mass on
left side on mammogram but impalpable clinically. Most
of the lesions were characterized as infiltrating ductal
carcinoma on histopathology.

Scintimammography was positive in 16 out of 22
patients. It was true positive in 14 patients (93.3%) and
false positive in 2 patients (28.6%), one of them
detected to have fibro adenoma and the other as chronic
inflammatory disease. Five patients (71.4%) were found
to be true negative and 1 patient (6.7%) was detected as
false negative (Table I).

The sensitivity of 99mTc-MIBI scintimammography in
detecting primary breast cancer is 93.3%, the specificity
is 71.4%, positive predictive value is 87.5%, negative
predictive value is 83.3%, and the accuracy is 86.4%
(Table 1).

The sensitivity, specificity, PPV, NPV and accuracy of
mammography were found to be 73.3%, 80%, 91.7%,
50% and 75%. Similarly, the sensitivity, specificity, PPV,
NPV and accuracy of ultrasonography were found to be
80%, 71.4%, 85.7%, 62.5% and 77.3%.

When comparison was done among different imaging
modalities, the p-value obtained for SMM was 0.004
much more significant than other modalities (Table 1).
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Table I: Results of the imaging studies in group A.

TP FP ™ FN Sensitivity (%) _ Specificity (%) PPV (%) NPV (%)  Accuracy (%)  P-value
SMM 14 2 5 1 933 7143 87.5 83.3 86.4 0.004
XMM 11 1 4 4 73.33 80 91.7 50 75 0.05
u/s 12 2 5 3 80 71.43 85.7 62.5 77.3 0.02

TP=true-positives; FP=false-positives; TN=true-negatives; FN=false-negatives;

PPV=positive predictive value;

NPV=negative predictive value; SMM=ggm Tc-sestamibi

scintimammography; XMM= Mammography; US=Ultrasonography; P-value=represents Fisher's probability test value.

Table II: Results of the imaging studies in group B.

TP FP TN FN Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) P-value
SMM 3 1 2 0 100 66.67 75 100 83.33 0.20
XMM 2 1 2 1 66.67 66.67 66.67 66.67 66.67 0.45
u/s 2 1 2 1 66.67 66.67 66.67 66.67 66.67 0.45

TP=true-positives; FP=false-positives; TN=true-negatives; FN=false-negatives;

PPV=positive predictive value;

NPV=negative predictive value; SMM=ggm Tc-Sestamibi

scintimammography; XMM= Mammography; US=Ultrasonography; P value=represents Fisher's probability test value.

Six patients were presented with single or multiple
axillary lumps. Two patients had lumps in the right axilla
and four on the left side. The most common malignancy
found was infiltrating ductal carcinoma.

Scintimammography was positive in 4 out of 6 patients,
and it was true positive in 3 patients (100%) and false
positive in only 1 patient (33.3%), later on diagnosed as
chronic inflammation on biopsy. Two patients (66.6%)
were found to be true negative while there was no false
negative case (Table II).

Sensitivity of 99mTc-MIBI  scintimammography in
diagnosing axillary lymph nodes metastasis was found
to be 100%, the specificity was 66.6%, positive
predictive value was 75%, negative predictive value was
100% and the accuracy was 83.33% (Table II).

The sensitivity, specificity, PPV, NPV and accuracy of
mammography, all were found to be 66.7%. Similarly,
the sensitivity, specificity, PPV, NPV and accuracy of
ultrasonography were found to be 66.7%. The
insignificant p-value i.e. > 0.05 was obtained for all the
three modalities, when comparison was done among
them (Table II).

To evaluate the importance of double phase SMM,
student’s t-test was applied for both groups. The results
of t-test were found to be insignificant (p > 0.05),
(Table IlI).

Table llI: Statistical analysis of double phase T/B ratio.

Population | Number Early T/B Delayed T/B | t-value | p-value
of patients| Mean+SD Mean+SD

Group | 22 1.495 + 0.460 | 1.447 +0.460 0.32 > 0.05

Group Il 06 2,287 £1.194 | 2.013 +1.157 0.40 > 0.05

Correlation co-efficient between SMM and XMM in
group A was found to be 0.97 with a p-value of 0.022.
Therefore correlation co-efficient was highly significant
between the two tests. But in group B it was found to be
0.89 with a p-value of 0.052. That was not significant in
this group.

Correlation co-efficient between SMM and ultrasound in
group A was found to be 0.99 with a p-value of 0.006.
Therefore, correlation co-efficient is highly significant

between the two tests. But in group B it was found to
0.89 with a p-value of 0.052. Hence, the correlation co-
efficient in group B was not significant.

DISCUSSION

A total of 28 patients were included in the study. The
mean age in this studied group is lower as compared to
the United States but comparable with other studies in
Pakistan.8 This is probably due to the fact that the
Pakistani population is younger and their life expectancy
is lower than that of the United States.®

The exact mechanism of MIBI as a tumour-imaging
agent is not very clear. It is reported that MIBI is
accumulated within mitochondria (90% of tracer activity)
and cytoplasm of cells on the basis of transmembrane
electrical potentials.10.7.11 Malignant tumours show
increased transmembrane potentials due to increased
metabolic requirements, which induce increased
accumulation of MIBI in tumours.12,13

In this study, there was found a very high sensitivity 93%
for the detection of primary breast cancer, which is
comparable with the results of other studies. Taillefer
and Khalkhali reported a sensitivity of 91.5% and 93.7%
respectively.1415 The reason behind such good
sensitivity is that typical diagnostic mammography uses
X-rays with maximum energies of 20-40 Kev which can
be highly attenuated by dense breast and mask certain
tumours while in SMM the energy currently used is
higher (140 Kev) which is unaffected by the dense fibro-
landular breast.14.3,16 Likewise, ultrasonography had the
operator skill dependency, which is not in the case of
scintimammography.16 In addition, both mammography
and ultrasound determine the nature of disease by the
pattern of structural abnormalities in the breast,!” while
SMM exploits the functional differences of lesions from
normal tissue to aid in detection.4.18

There was a relatively low specificity of 99mTc-MIBI
scintimammography in detecting primary breast cancer;
70% as compared to Taillefer et al. and Khalkhali et al.
i.e.; 94.4% and 98.8%.1415 That was because there
were two false positive cases in the study i.e. fibro-
adenoma and chronic inflammatory disease. This false
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positive effect is caused by increased vascularity as well
as cell metabolism in these diseases, as MIBI uptake is
directly related to blood flow and mitochondrial
transmembrane electronegativity and inversely related
to necrosis and fibrosis.'8 In addition to this, there was
one false negative case. It strongly correlated with the
histological size of the lesion i.e., < 10 mm, as reported
by other studies.19.20

In order to detect axillary lymph node metastasis, the
role of Tc-99m-MIBI scintigraphy has been investi-
gated.2? Taillefer et al. reported the sensitivity of 79.2%
and specificity of 84.6% of Tc-99m-Sestamibi breast
scintigraphy in evaluating metastatic axillary lymph
nodes.22 In this study, we have sensitivity of 100% and
specificity of 66.0%. The sensitivity is good when
compared to other reports (i.e. Taillefer et al. and Lam
etal i.e. 90.9% and 90% respectively),” which are better
than physical examination, axillary X-ray picture and
ultrasound. The reason behind this is that in the present
study a majority of the patients came to the hospital after
they had found a mass in the breast or axilla and at the
time of diagnosis they were all in an advanced stage or
intermediate stage of breast cancer. But still there was
one false positive case, which was not detected by
mammography and ultrasound. That was the lymph
node with chronic inflammation. Perhaps SMM reported
this lesion as malignant because of the rich blood flow in
this inflammatory tissue.18

The results of planar quantitative study demonstrate that
Tc-99m-Sestamibi concentrates into malignant breast
tumours with a contrast ratio of 1.47 + 0.49, while in the
case of axillary lump this ratio is 2.15 + 1.17 when
compared with normal surrounding tissue. Taillefer ez al.
showed in their study, that tumour to background ratio
was 2.2 + 0.7. Similarly another study by Khalkhali et al.
found this ratio to be 2.13 = 0.93.1522 Furthermore,
when a comparison was done regarding the early and
delayed imaging, no significant difference was obtained
in the T/B ratio, implying the delayed imaging was
ineffective. Le et al. also found that delayed-phase
imaging did not enhance the diagnostic accuracy.23.24

We also used a combination of mammography and
ultrasound with scintimammography. It is concluded that
the use of any two complementary techniques along
with SMM in the detection of breast cancer provides the
most accurate diagnosis. Buscombe et al. reported a
combined sensitivity, specificity; PPV and NPV of 93%,
72%, 80% and 90% respectively, while comparing the
usefulness of mammography and scintimammography
in identifying primary breast cancer.'” However, for
axillary metastasis detection, our study results rendered
a combination of the tests as ineffective.

We recognize that there are a few limitations and
possible biases in our study. First of all, our results were
influenced by referral bias. In addition, a large proportion

of insufficient samples reduced the usefulness of SMM
for the evaluation of non-palpable breast lesions and
axillary metastasis.

CONCLUSION

This study showed that Tc-99m-SestaMIBI scintigraphy
improved the overall accuracy rate for breast cancer. It
may provide additional information in differentiating
malignant and benign lesions in patients with palpable
breast masses. Detection capability also improved for
non-palpable lesion and axillary lymph node metastasis.

REFERENCES

1. Sirovich BE, Sox HC Jr. Breast cancer screening. Surg Clin North
Am 1999; 79:961-90.

2. Taillefer R, Robidoux A, Lambert R, Turpin S, Laperrire j.
Technetium-99m-sestamibi prone scintimammography to detect
primary breast cancer and axillary lymph node involvement.
J Nucl Med 1995; 36:1758-65. Comment in: J Nucl Med 1996;
37:2098-100.

3. Moinuddin M, Whynott C. Ectopic parathyroid adenomas: multi-
imaging modalities and its management. Clin Nucl Med 1996;
21:27-32.

4. Chengazi VU, O’'Mara RE. An overview of scintimammography.
App Radiol 1998; 27:50-55.

5. Palmedo H, Biersack HJ, Lastoria S, Maublant J, Prats E,
Stegner HG, et al. Scintimammography with technetium-99m
methoxyisobutylisonitrile: results of a prospective European
multicentre trial. Eur ] Nucl Med 1998; 25:375-85.

6. Khalikhali I, Villanueva-Meyer J, Edell SL, Connolly JL, Schnitt
SJ, Baum JK, et al. Diagnostic accuracy of 99mTc-Sestamibi
breast imaging: multicentric trial results. J Nucl Med 2000;
41:1973-9.

7. Taillefer R, Robidoux A, Turpin S, Lambert R, Cantin J, Leveille
J, et al. Metastatic axillary lymph node technetium-99m-MIBI
imaging in primary breast cancer. J Nucl Med 1998; 39:459-64.

8. Siddiqui MS. Breast cancer: determination, investigation and
control. J Pak Med Assoc 2000; 50:173-4.

9. Siddiqui MS, Kayani N, Sulaiman S, Hussainy AS, Shah SH,
Muzaffar S. Breast carcinoma in Pakistani females: a
morphological study of 572 breast specimens. J Pak Med Assoc
2000; 50:174-7.

10. Del Vecchio S, Ciarmiello A, Pace L, Potena MI, Carriero MV,
Mainolfi C, et al. Fractional retention of technetium-99m-
sestamibi as an index of P-glycoprotein expression in untreated
breast cancer patients. J Nucl Med 1997; 38:1348-51.

11. Carvalho PA, Chiu ML, Kronaug JF, Kawamura M, Jones AG,
Holman BL, et al. Subcellular distribution and analysis of
technetium-99m-MIBI in isolated perfused rat hearts. J Nucl Med
1992; 33:1516-22.

12. Condon RE, Nyhus LM, editors. Surgical oncology and cancer
chemotheraphy. 8th ed. New York: Little Brown Co; 1993.

13. Meyer JE, Sonnenfeld MR, Greens RA, Stomper PC.
Preoperative localization of clinically occult breast lesions:
experience at a referral hospital. Radiology 1988; 169:627-8.

14. Taillefer R, Robidoux A, Lambert R, Turpin S, Laperrire J.
Technetium-99m-sestamibi prone scintimammography to detect

Journal of the College of Physicians and Surgeons Pakistan 2009, Vol. 19 (10): 622-626

625



.

Salman Habib, Maseeh-uz-Zaman, Abid Hameed, Khalid Niaz, Hina Hashmi and Shahid Kamal

15.

16.

17.

18.

19.

primary breast cancer and axillary lymph node involvement.
J Nucl Med 1995; 36:1758-65.

Khalkhali I, Cutrone JA, Mena |, Diggles L, Venegas R, Vargas
J, et al. Technetium-99m-sestamibi scintimammography of
breast lesions: clinical and pathological follow-up. J Nucl Med
1995; 36:1784-9.

Khalkhali I, Cutrone J, Mena IG, Diggles LE, Venegas RJ,
Vargas HlI, et al. Scintimammography: the complementary role of
Tc-99m-sestamibi prone breast imaging for the diagnosis of
breast carcinoma. Radiology 1995; 196:421-6.

Buscombe JR, Cwikla JB, Holloway B, Hilson AJ. Prediction of
usefulness of combined mammography and scintimammo-
graphy in suspected primary breast cancer using ROC curves. J
Nucl Med 2001; 42:3-8.

Maini CL, Tofani A, Scuito R, Semprebene A, Cavaliere R,
Mottolese M, et al. Technetium-99m-MIBI scintigraphy in the
assesement of neoadjuvant chemotheraphy in breast
carcinoma. J Nucl Med 1997; 38:1546-51.

Khalkhali I, Mena I, Diggles L. Review of imaging techniques for

20.

21.

22.

23.

24.

the diagnosis of breast cancer: a new role of prone
scintimammography using technitium-99m-sestamibi. Eur J Nucl
Med 1994; 21:357-62. Comment in: p. 1257-60.

Waxman AD. The role of Tc-99m-methoxyisobutylisonitrile in
imaging breast cancer. Semin Nucl Med 1997;27:40-54.

Tolmos J, Khalkhali I, Vargas H, Stuntz M, Cutrone J, Mishkin F,
et al. Detection of axillary lymph node metastasis of breast
carcinoma with technetium-99m-sestamibi scintimamm-graphy.
Am Surg 1997; 63:850-3.

Taillefer R, Robidoux A, Turpin S, Lambert R, Cantin J, Leveille
J. Metastatic axillary lymph node technetium-99m MIBI imaging
in primary breast cancer. J Nucl Med 1998; 39:459-64.

Melloul M, Paz A, Ohana G, Laver O, Macalevich D, Koren R,
Wolloch Y, et al. Double-phase 99mTc-sestamibi scintimammo-
graphy and Trans-scan in diagnosing breast cancer. J Nucl Med
1999; 40:376-80.

NHS Centre for Reviews and Dissemination and Nuffield
Institute for Health. The management of primary breast cancer.
Effective Health Care 1996; 2:1-16.

626

Journal of the College of Physicians and Surgeons Pakistan 2009, Vol. 19 (10): 622-626





