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Abstract: Background: Multiagent chemotherapy (MCT) has mitochondrial targets. Since technetium-99m-sestamibi
(MIBI) is a marker of mitochondrial metabolism, cardiac MIBI uptake and MIBI washout rate (%WR) may detect MCT-
induced cardiotoxicity. Methods: In 16 cancer patients on MCT for 10 months and in 14 non-cancer controls, cardiac
MIBI uptake between early (30 min) and delayed (3 hours) post-injection planar images was measured as counts per
pixel (cpp). The MIBI cardiac %WR was also measured. Results: When MCT patients and controls were compared,
early and cardiac delayed MIBI uptake were greater in MCT patients (45 + 12 cpp vs. 30 + 4 cpp; p <0.04) and (30 +
8 cpp vs. 25 £ 2 cpp; p < 0.02), but % WR did not change (12 + 4% vs. 13 £ 3%; p = ns). However, in the MCT pa-
tients, the MIBI cardiac %WR was more rapid because it was obtained at the same time as in the control patients but
from a greater amount of MIBI cardiac uptake. On 36-months follow-up, only MCT patients died of cardiac death.
Overall survival risk parameters, only delayed cardiac MIBI uptake (Odds ratio = 1.7, p<0.001) and early cardiac MIBI
uptake (Odds ratio = 1.2, p<0.02) were found to be significantly associated with cardiac mortality. Conclusions: In
experimental studies, anticancer drugs elicit mitochondrial membrane hyperpolarization with passive cardiac MIBI
uptake. In MCT patients, the increased cardiac MIBI uptake and rapid %WR compared with controls may reflect mito-
chondrial membrane dysfunction, pre-clinical cardiotoxicity and thus poor prognosis.

Keywords: Multiagent chemotherapy (MCT), technetium-99m-sestamibi (MIBI), mitochondrial metabolism, cardiotox-
icity, cancer, multiagent chemotherapy

Introduction addition to perfusion and left ventricular (LV)
function on MIBI cardiac stress/rest gated-
SPECT imaging, can detect pre-clinical signs of
cardiotoxicity. Previous experimental studies

have found that abnormal MIBI cardiac kinetics

Cancer therapy has progressed considerably,
improving survival for many patients [1]. How-
ever, deaths related to the cardiotoxicity of anti-

cancer drugs occur through mechanisms that
are still unclear. Multiagent chemotherapy
(MCT) and radiotherapy are cardiotoxic interven-
tions that can lead to diverse complications,
such as heart failure, myocardial ischemia, myo-
cardial infarction, hypertension, thromboem-
bolism, QT prolongation, hypotension and ar-
rhythmias [2]. Despite such different clinical
manifestations of cardiotoxicity, anticancer
drugs may produce these effects through com-
mon cardiac mitochondrial targets [3]. Because
technetium-99m-sestamibi (MIBI) is a marker of
cardiac mitochondrial metabolism [4], cardiac
MIBI uptake and washout on planar imaging, in

may reflect cardiac mitochondrial dysfunction
[5]. There is, however, a lack of information re-
garding the effects of cardiac MIBI uptake and
release in patients on MCT. This study evaluates
the hypothesis that an abnormal cardiac MIBI
kinesis could represent a pre-clinical sign of
cardiotoxicity in MCT patients. These results
could encourage physicians to administer an
early and rational course of cardioprotection
despite the presence of a normal ejection frac-
tion. Sixteen cancer patients on MCT and four-
teen non-cancer patients were therefore evalu-
ated in a retrospective case-control study.
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Materials and methods
Patient population

Sixteen consecutive cancer patients with a me-
dian age of 59 years (range 52-69; 9/16 (56%)
males) were referred for a MIBI stress/rest
gated-SPECT assessment due to complaints of
functional capacity despite a normal ejection
fraction after a median period of 10 months
(range 8-21) on MCT.

The results were compared to those of 14 non-
cancer control patients with a median age of 58
years (range 57-69; 6/14 (43%) males) with
similar symptoms who were also referred for
MIBI cardiac stress/rest gated-SPECT assess-
ment due to complaints of functional capacity
despite a normal ejection fraction. The cancer
and control patients were selected consecu-
tively from Januay to July 2008 and did not dif-
fer with respect to age, gender or established
cardiovascular risk factors, such as hyperten-
sion, dyslipidemia, diabetes and obesity (p >
0.05 for all). Atrial fibrillation or an ejection frac-
tion < 45% were the exclusion criteria. The pro-
tocols for MCT were in adherence with the
American Society of Clinical Oncology and the
Oncology Nursing Society standards for safe
chemotherapy administration [6]. All the pa-
tients provided written informed consent, and
the local ethics committee approved the proto-
col of this study.

Imaging methods

Early anterior view planar imaging of the chest
and stress-SPECT imaging were performed 30
min after stress injection of an average dose of
370 MBq of MIBI, commercially available as
Cardiolite [7]. Delayed planar imaging was ac-
quired 3 hours after the stress injection. A sec-
ond injection of an average dose of 925 MBq of
MIBI was made after delayed planar imaging
and was followed after 1 hour by rest gated-
SPECT imaging.The isotope dosage was tailored
by considering the patients body mass index
and measure of abdominal circunmference.
Imaging was performed with a single-day proto-
col using a double-headed gamma camera (DST
-XL; Sopha Medical Vision International, Buc,
France) equipped with a low-energy, parallel-
bole, high-resolution collimator. On the planar
images, early and delayed MIBI uptake were
calculated as counts per pixel (cpp) in a region
of interest (ROI), delineated by the contours of
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Figure 1. A. early (e) planar imaging 30 min after
MIBI injection. B. delayed (d) planar imaging 3 hours
after MIBI injection. ROIs for MIBI uptake calculation
are shown: cardiac (red arrows), site of injection
(green arrows), and liver (white arrows).

the heart area, with a ROI drawn in an area
around the cannula used for injection and a ROI
on the liver area (Figure 1). The MIBI washout
rate (WR) was calculated in these 3 ROIs as
previously defined [8]: % WR = early MIBI up-
take - delayed MIBI uptake x Hf x 100/early
MIBI uptake, where Hf = (1/(1/2)and x = (T
delayed imaging - T early imaging )/6; the T
was defined as the time for delayed planar im-
aging and the time for early planar imaging.
MIBI tomographic images were obtained by use
of a 180-degree circular orbit, from 45-degree
right anterior oblique to 45-degree left posterior
oblique, 32-frame step-and-shoot, 60 sec/
frame, with the patient in the supine position.
Only rest projections were ECG-gated and 16
individual ECG-gated frames per cardiac cycle
were acquired. The gate tolerance was 100%.
All patients in this study had a sinus rhythm. To
avoid misinterpretation of attenuation artifacts,
images were evaluated by 2 independent ob-
servers blinded to the patients clinical data.

The symptom-limited exercise testing used for
SPECT imaging was performed in 25 patients.
Dipyridamole infusion was used in five patients
who were unable to perform the exercise test-
ing; 3/16 (19%) MCT patients with bone metas-
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Figure 2. MIBI SPECT of a patient after MCT. An inferior reversible defect (white arrows) and a lateral reversible defect
(red arrow) are shown. A coronary angiogram revealed an absence of coronary obstructions.

tases were unable to perform the exercise test-
ing, and 2/14 (12%) control patients were inca-
pable of pedaling an exercise machine. Fixed
and reversible abnormal perfusion defects were
analyzed using a Cedars-Sinai protocol [9] with
1 denoting the presence of defects and O denot-
ing an absence of defects (Figure 2). A 36-
month clinical follow-up was performed.

Statistical analyses

Statistical analyses were performed using Med-
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Calc for Windows, version 12.0.3.0 (MedCalc
Software, Broekstraat 52, 9030 Mariakerke,
Belgium). The patient ages and the follow-up
duration were expressed as median +/- inter-
quartile ranges. All values were then expressed
as mean * standard deviation. The differences
between means were evaluated by unpaired or
paired t-tests. In cases of unequal variances,
the t-test was corrected with the Welch test. The
differences between percentages were calcu-
lated with Fisher's exact test. The effect of the
risk parameters on survival was analyzed with a
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Table 1. The cardiac MIBI kinetics profile of the patients

MCT patients p Controls
n=16 n=14
Early cardiac MIBI uptake (ccp) 45+12 0.04 30+4
Delayed cardiac MIBI uptake (ccp) 3018 0.02 25+2
Cardiac % WR 12+4 ns 13+3
Early liver MIBI uptake (ccp) 56+22 ns 50415
Delayed liver MIBI uptake (ccp) 2319 ns 21+10
Liver % WR 36+10 ns 3718
Early MIBI uptake (ccp) of the area of MIBI injection 1894185 ns 145+41
Delayed MIBI uptake (ccp) of the area of MIBI injection 147+138 ns 113+34
MIBI % WR of the area of MIBI injection 21+4 ns 2245
Patients body mass index (kg/m2) 2716 ns 28+4
Patients abdominal circumference (cm) 10015 ns 99+13

logistic regression. A receiver operating charac-
teristic (ROC) curve was used to calculate the
criterion value of the risk parameters on sur-
vival. In two groups of patients, survival curves
were compared using the Kaplan-Meier analysis
with the log-rank test. A p-value less than 0.05
was considered statistically significant.

Results

Of the MCT patients, 9/16 (56%) experienced
early cardiovascular adverse events within one
month of MCT in the period before planar and
SPECT imaging. Specifically, 1 patient had myo-
cardial ischemia, 3 had acute myocardial infarc-
tion, 2 had atrial fibrillation, 1 had atrial fibrilla-
tion and heart failure, 1 had supraventricular
tachycardia, and 1 had a pulmonary embolism.
On coronary angiograms, there was a lack of
coronary obstruction in the 3 patients with myo-
cardial infarction, but the patient with myocar-
dial ischemia had single-vessel coronary artery
disease. In the gated-SPECT imaging, all the
patients showed normal ejection fractions, but
abnormal perfusion defects were observed in
only some MCT patients. Specifically, there were
fixed perfusion defects in 2/16 (12%) MCT pa-
tients and reversible perfusion defects in 7/16
(44%) MCT patients. When MCT patients and
controls were compared, early MIBI and delayed
cardiac MIBI uptake were significantly greater in
the MCT patients, but the cardiac MIBI % WR
did not change. However, in the MCT patients,
the MIBI cardiac % WR was more rapid because
it was obtained at the same time as in the con-
trol patients but from a greater amount of MIBI
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cardiac uptake. When early and delayed MIBI
uptake and MIBI % WR of the liver and injection
area from the MCT patients were compared with
the respective values in the controls, the results
did not differ. The cardiac MIBI kinetics profile
of the patients are summarized in Table 1.

Based on the gated-SPECT imaging, all the pa-
tients showed normal ejection fractions, but
abnormal perfusion defects were observed in
only some MCT patients. Specifically, there were
fixed perfusion defects in 2/16 (12%) MCT pa-
tients and reversible perfusion defects in 7/16
(44%) MCT patients. On follow-up, only 13/16
(75%) MCT patients showed a worsening of the
NYHA functional class (NYHA:1.8 + 0.8 vs 2.9 £
1; p = 0.0001). Only 7/16 (44%) MCT patients
were NYHA class IV; 4/16 (25%) died from heart
failure, and 3/16 (19%) died from heart failure
with cancer progression. The clinical character-
istics of the cancer patients, mechanisms of
MCT cardiotoxic action [10], the gated-SPECT
imaging and follow-up results are summarized
in Table 2.

When delayed and early cardiac MIBI uptake,
ejection fraction, perfusion defects or cardiac
MIBI % WR were evaluated with a logistic re-
gression analysis, delayed cardiac MIBI uptake
(Odds ratio = 1.7, 95% Cl, 1.1 to 2.7, p<0.001)
and early cardiac MIBI uptake (Odds ratio = 1.2,
95% ClI, 1.1 to 1.5, p<0.02) were found to be
significantly associated with cardiac mortality.
The results did not change when the data were
adjusted for age, total number of anti-cancer
drugs used before nuclear imaging, duration of
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Table 2. Patients clinical profiles

Age/ Type of cancer MCT before E-EV Basal ADS % EF MCT after  Follow-up NYHA/L-EV
gender SPECT NYHA (rest-gated-  SPECT (months (on follow-
SPECT) after SPECT)  up)
52/M non Hodgkin's Ca, Et;, Vinb, My-I 1 R 43 0 31
lynphoma Ine, Epia, |2 3/0
57/M Liver m. Cab, Bevac, 0 1 R 57 Bevac, 27 4/HF-
Oxb Myta, Cab, death with
Fo CcP
68/M Colon with m. Fb, Oxb, My-Isc 1 R 50 Cab, Fr 31 1/0
Bevac, Re
41/FM Breast wth m. A2, Trasta, AF 2 R 63 Trasta, Re 31 3/0
Cab, Mytb, Lape
Mtxb, Vinorb,
Re
64/M Colorectal Bevac, Cab, 0 1 R 52 Ced 26 3/0
Oxb
56/FM  Colorectal Bevac, Cab, AF 2 R 54 Cab, Oxb 7 4/AF-HF-
Oxb death
47/FM  Breast wth m. Trasta, 0 1 0 62 Bevac 31 1/0
Bevac, Pxd,
Ca, VncP
87/M Colon with m. Ced, Cab, 0 3 0 52 Cab, Ced, 18 4/HF-
Cyta Oxb death with
CP
60/FM Breast with m. Trasta,Epid, SVT 2 0 47 Bevac, 31 3/0
Ca, Vinor® Cara,
Gema
49/FM  Breast Epia, Ce, Dxa, O 2 0 64 0 31 2/0
Trast
37/FM  Breast Epia, Co, Dxa, O 1 F 65 0 26 2/0
Traste, R*a
82/M Prostate , Pxd, Re AF 3 0 55 0 6 4/AF-HF-
Gastric with m. HF death
73/M Prostate , Dxa, Re My-I 3 0 52 0 3 4/HF-
Gastric with m. (CAD) death
60/FM  Breast Fb, Epia, Ca, My-I 1 R 66 0 31 1/0
Re
38/M Pancreatic with  Bevac, CaP 0 2 0 60 0 6 4/HF-
m. death with
CcP
82/M Lung and Cab ,0xb, PE 3 F 60 0 6 4/AF-HF-
Colon with m. Mytb, Fb, Ced death
Atrial fibrillation (AF), abnormal defects (ADS), coronary artery disease (CAD), early cardiovascular events (E-EV), late

cardiovascular events (L-EV), female (FM), fixed ADS (F), heart failure (HF), New York Heart Association (NYHA), male (M),
metastasis (m), myocardial infarction (My-l), myocardial ischemia (My-Isc), pulmonary embolism (PE), reversible ADS (R),
supraventricular tachycardia (SVT), Adriamycin (A), Bevacizumab (Beva), Capecitabine (Ca), Carboplatin (Car), Cetuximab (CE),
Cyclophosphamide (C), Cytarabine (Cyt), Docetaxel (Dx), Epirubicine (Epi), Etoposide (ET), Fluorouracil (F), Gemcitabine (Gem),
Ifosfamide (l), Interferon (In), Lapatinib (Lap), Methotrexate (Mtx), Mytomycin (Myt), Oxaliplatin (Ox), Paclitaxel (Px), Radiotherapy
(R), Trastuzumab (Trast), Vinorelbine (Vinor), Vincristine (Vnc). aDrugs with prevalent myocardial depression, bdrugs with prevalent
My-Isc, ¢drugs with prevalent hypertension, ddruge with prevelent hypotension, edrugs with both myocardial depression and My-Isc.

Cancer progression (CP).

MCT, presence of early adverse effects or estab-
lished cardiovascular risk factors (p > 0.05 for
all). When the relationship between survival risk
parameters and death was analyzed with ROC
curves, delayed and early cardiac MIBI uptake
showed a greater area under the ROC curve
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compared with the other parameters with a val-
ues of 0.93 (95% confidence interval from 0.80
to 1, p < 0.0001) and 85% (95% confidence
interval from 0.68 to 0.95, p < 0.0001) and a
criterion value of > 29 cpp (specificity = 86%,
sensitivity = 91%) and and 42.8 ccp (specificity
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Figure 3. Kaplan-Meier curves; delayed (d) cardiac
MIBI uptake values stratified individuals with respect
to mortality.

= 86%, sensitivity = 83%), respectively. The cri-
terion value of the delayed cardiac uptake
showed the highest average of sensitivity for
screening the patients outcome and thus better
stratified individuals with respect to mortality
based on the Kaplan-Meier survival curve analy-
sis (Figure 3).

Discussion

This study presents the concept that in chemo-
therapy patients, the cardiac MIBI kinetics are
altered and may be a predictor of mortality from
cardiac causes. The increased values of the
early and delayed cardiac MIBI uptake in MCT
patients compared with control patients were
not incidental findings but were clearly related
to the specific actions of MCT on myocardial
metabolism. The liver MIBI kinetics were similar
in the MCT and control patients, suggesting that
MCT did not influence liver cellular function but
only affected the metabolism of the myocytes.
The similar grade of MIBI uptake shown at the
metabolically inactive injection sites of the MCT
and control patients further demonstrated that
MCT showed exclusive action on the metabolic
function of myocytes. In addition, MIBI uptake
was not influenced by the weight or body size of
the patients. In normally-functioning hearts,
approximately 90% of the MIBI activity is associ-
ated with the mitochondria in an energy-
dependent manner [11]. The tracer is taken up
in the myocardium in proportion to blood flow
and detects myocellular viability [12]. At equilib-
rium, MIBI is sequestered within mitochondria
by the large negative transmembrane potentials
[13]. Treatments that elicit hyperpolarization of
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cardiac mitochondrial membrane potentials
induce thus a marked increase of cardiac MIBI
uptake and retention [14]. Notably, the primary
underlying mechanism of most anti-cancer
drugs is to hyperpolarize mitochondrial mem-
brane potentials [15-19]. These data, when
translated to patients on MCT, suggest that the
increased cardiac MIBI uptake compared with
controls might be a consequence of mitochon-
drial membrane dysfunction due to the MCT
treatment. The faster MIBI washout observed in
MCT patients with respect to controls may indi-
cate thus transient reversible mitochondrial
membrane dysfunction as the “leaky” mitochon-
drial membrane lets more MIBI into the mito-
chondria and induces a faster MIBI “leak out”
as well. Cardiac mitochondrial membrane hyper-
polarization induces the opening of a non-
specific pore in the mitochondrial membrane
that enables the free passage of molecules
<1.5 kDa into the mitochondria [20]. The result-
ing uncoupling of oxidative phosphorylation
leads to ATP depletion, inadequate energy pro-
duction, arrhythmogenesis [21], myocardial dys-
function, and necrotic cell death [22]. Thus, the
mitochondrial membrane increased permeabil-
ity due to MCT may represent a preliminary
phase that may precede irreversible mitochon-
drial damage resulting in decreased cardiac
MIBI uptake and increased MIBI washout [23,
24], severe myocardial dysfunction, and short-
term mortality. In addition, myocardial damage
and silent ischemia [25], which are direct con-
sequences of myocyte and vascular damage
from MCT [26], may induce arrhythmias [27]
and transient LV dysfunction [28]. Such mecha-
nisms thereby contribute to the worsened func-
tional capacity and the high incidence of early
adverse cardiotoxic effects observed in patients
under study. However our study has some limi-
tations due to the small patient sample. The
effects of sequence, dosage, and the time inter-
val between the administrations of the antican-
cer agents were not adequately considered
[29], while coronary angiography was performed
only in patients with acute coronary syndromes.
This approach on a relatively small number of
patients does not provide therefore definite
clinical conclusions but suggests the basis for
further studies.

Conclusion
This is, however, the first study that introduces

the properties of cardiac MIBI kinesis as a
method for the detection of pre-clinical cardio-

Am J Cardiovasc Dis 2012;2(4):293-300
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toxicity in cancer patients on MCT. The evalua-
tion of cardiac MIBI kinetics by planar imaging
may provide additional informations concerning
the myocardial metabolism of patients receiving
MCT and suggest the need for an early cardio-
vascular protection [30] despite the presence of
a normal ejection fraction.
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