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Abstract
AIM: To analyze changes in myocardial glucose metab-
olism using fluorodeoxyglucose (FDG)-positron emission 
tomography (PET) in patients treated with adriamycin 
and to investigate the clinical significance of these 
changes. 

METHODS: Considering that FDG-PET scanning has 
the ability to show changes in glucose metabolism in 
the myocardium, we retrospectively analyzed the FDG-
PET studies of 18 lymphoma patients treated with adri-
amycin-based chemotherapy in both the pre- and post-
therapy setting. Cardiac contractile parameters such as 
left ventricular ejection fraction were not available for 
correlation in all patients due to the short duration and 
the level of cumulative dose administered in these pa-
tients during the time of the follow-up FDG-PET study. 
The change in myocardial glucose utilization was esti-
mated by change in standard uptake values (SUV) in 
the myocardium.

RESULTS: We observed a significant change in SU-
Vmean values in the myocardium (defined as more 
than �� ���� ���������������������������������������     ±� ���� ���������������������������������������      20% change in cardiac SUVmean between pre- 

and post-chemotherapy PET) in 12 patients, whereas 6 
patients did not show any significant cardiac FDG up-
take in both pre- and post-therapy PET scans. Patients 
were divided into three groups based on the changes 
observed in myocardial tracer uptake on the follow-
up 18F-FDG-PET study. Group A (n  = 8): showed an 
increase in cardiac 18F-FDG uptake in the post-therapy 
scan compared to the baseline scan carried out prior to 
starting adriamycin-based chemotherapy. Group B (n  
= 6): showed no significant cardiac 18F-FDG uptake in 
post-therapy and baseline PET scans, and group C (n  = 
4): showed a fall in cardiac 18F-FDG uptake in the post-
therapy scan compared to the baseline scan. Mean 
cumulative adriamycin dose (in mg/m2) received during 
the time of the follow-up FDG-PET study was 256.25, 
250 and 137.5, respectively.

CONCLUSION: Our study shows three different trends 
in the change in myocardial glucose metabolism in pa-
tients undergoing adriamycin-based chemotherapy. A 
further prospective study with prolonged follow-up of 
ventricular function is warranted to explore the signifi-
cance of enhanced FDG uptake as a marker of early 
identification of adriamycin-induced cardiotoxicity.
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INTRODUCTION
Anthracycline-based chemotherapeutics such as doxoru-
bicin (i.e., adriamycin) and daunorubicin are some of  the 
most effective agents used in the treatment of  cancer; 
however, their administration is limited by cumulative, 
dose-related, progressive myocardial damage that may 
lead to congestive heart failure (CHF)[1-3]. It is well known 
that adriamycin-induced cardiac failure is a cumulative 
phenomenon which is caused by steadily accumulating 
sub-clinical myocardial damage. Adriamycin appears to 
cause most of  its cardiotoxic effects due to the formation 
of  reactive oxygen species or free radicals that interact 
with mitochondrial membranes leading to damage of  
these intracellular organelles. Such repeated sub-clinical 
damage to mitochondria alters metabolism within myo-
cytes and ultimately leads to myocyte apoptosis and ne-
crosis[4-7]. 

Currently, periodical assessment of  left ventricular ejec
tion fraction (LVEF) either by echocardiography and/or 
radionuclide ventriculography remains the only way of  
monitoring myocardial function in adriamycin-treated 
patients. However, it is clear from the above that such 
contractile parameter monitoring which manifests as late 
effects clearly lacks the potential to observe early subcel-
lular changes and damage[8-10]. 

A large-scale study of  630 patients randomized to an 
adriamycin or placebo arm in three, phase Ⅲ studies dur-
ing 1988 to 1992, reported a 5.1% risk of  CHF in patients 
receiving cumulative doses of  up to 400 mg/m2, rising 
to 48% in patients receiving doses of  up to 700 mg/m2. 
However, CHF was reported in patients receiving as little 
as 300 mg/m2 of  adriamycin[11]. Hence, it is clear that 
although the probability of  developing heart failure is 
proportional to the cumulated dose of  adriamycin, there 
may be significant variation in the tolerance to adriamycin 
from one individual to the other. Therefore, any observa-
tions that can provide clues to future cardiac toxicity are 
of  substantial benefit in individualizing therapy in these 
patients. 

One of  the factors identified leading to the variable 
response to adriamycin is the varied baseline expression 
of  neuregulin (NRG) in different individuals[12]. NRG is 
a protein secreted by the endocardium and endothelium 
of  cardiac vasculature which binds to erbB2 and erbB4 
on cardiac myocytes by a paracrine mode of  signaling. 
NRG-erbB signaling is important in normal develop-
ment of  the myocardium and in adult hearts; it plays a 
role in myocardial protection, especially in the presence 
of  external insults[13-15]. In cardiac myocyte cultures, the 
presence of  NRG protects against the effects of  adria-
mycin[16]. On the other hand, trastuzumab, an erbB an-
tagonist, is known to increase the cardiotoxic effects of  
adriamycin[17-21]. Hence, some individuals showing greater 
tolerance to adriamycin therapy may have better NRG 
expression compared to individuals who show lower tol-
erance to adriamycin. 

Activation of  the NRG-erbB pathway as well as mito-

chondrial damage after adriamycin therapy can enhance 
cardiac myocyte glucose utilization as an adaptive pattern 
in such patients[13,14]. Positron emission tomography (PET) 
using 18F-fluorodeoxyglucose (FDG) as the radiotracer 
has established its role in demonstrating myocardial glu-
cose metabolism in vivo[22-26]. In our study we attempted to 
observe changes in myocardial glucose utilization as re-
flected by changes in standard uptake values (SUV) in the 
myocardium of  patients treated with adriamycin-based 
chemotherapy. 

MATERIALS AND METHODS
We retrospectively analyzed cardiac glucose uptake in the 
PET scans of  18 lymphoma patients (16 males and 2 fe-
males). These patients underwent whole body 18F-FDG 
PET scans as a routine part of  disease evaluation before 
and after adriamycin-based chemotherapy. PET scans 
were acquired on a GE Advance system (BGO crystal) 
45 min after injection of  10 mCi of  18F-FDG under fast-
ing conditions. 68Ge source was used for attenuation cor-
rection. The cardiac uptake on both pre- and post-che-
motherapy whole body PET images was identified and 
separately processed using standard software provided by 
GE Advance. The cardiac short axis images were used 
to generate a polar map (Bull’s eye) and to easily exclude 
the blood background. Cardiac uptake was quantified by 
calculating the SUVmean (gm/mL) value using this polar 
map. SUVmean values were used to minimize the region to 
region variations in myocardial 18F-FDG uptake. To limit 
the variability in baseline cardiac metabolism, the follow-
ing exclusion criteria were used�� ��������������������������   : (1)�����������������������    Patients with fasting 
blood sugar > 150 mg% or < 80 mg%��������������������   ; (2)���������������   Patients with 
h/o diabetes mellitus, coronary artery disease or any oth-
er cardiac ailments����������������������������������������       ; and (3)�������������������������������      Patients with a difference in 
fasting blood sugar of  ± 10% during the pre- and post-
therapy PET scans.

RESULTS
Patients were divided into three groups based on the 
changes observed in the myocardial tracer uptake in the 
follow-up 18F-FDG-PET study (Table 1). A cut off  value 
of  ± 20% change in cardiac SUVmean between pre- and 
post-chemotherapy PET scans was considered significant 
for each patient. Group A: showed an increase in cardiac 
18F-FDG uptake in the post-therapy scan compared to 
the baseline scan carried out prior to starting adriamycin-
based chemotherapy (an example is shown in Fig�������� ure�����  1). 
Group B: showed no significant cardiac 18F-FDG uptake 
in post-therapy and baseline PET scans, group C: showed 
a fall in cardiac 18F-FDG uptake in the post-therapy com-
pared to the baseline scan.

The patients in group A clearly demonstrated in-
creased glucose utilization by cardiac myocytes, whereas 
group B and group C patients demonstrated non-glucose 
substrate utilization during metabolism. Unfortunately, 
cardiac contractile parameters such as LVEF were not 
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available for correlation in these patients due to the short 
duration and the cumulative dose administered in these 
patients during the time of  the follow-up FDG-PET 
study. However, it is possible that the metabolic shift pre-
ceded the manifestations of  cardiotoxicity that could be 
quantified using contractile dysfunction.

DISCUSSION
We speculate that it may be possible to identify patients 
who are susceptible to an adriamycin-induced shift in 
myocardial metabolism using 18F-FDG-PET. In addition, 
it is possible to explain the increased glucose utilization 
as evidenced by greater 18F-FDG trapping within the 
myocardium post-adriamycin administration, as a marker 
of  cellular alteration preceding the cardiotoxicity cascade. 
We believe that in group A patients, the dose of  adriamy-
cin may have reached an individual limit leading to activa-
tion of  the NRG-erbB pathway and increased glucose 
utilization by cardiac myocytes. This hypothesis requires 
further validation by a larger retrospective or prospective 
study and correlation with baseline and follow-up cardiac 
contractile function.

There are certain limitations related to this study: (1) 
Due to the limited duration of  the study, none of  the pa-
tients developed any obvious signs/symptoms of  cardiac 

failure. However, we must consider that any observable 
clinical changes in adriamycin-related cardiotoxicity may 
only appear after a prolonged period of  time and may 
span several years. This was beyond the scope of  this ret-
rospective observational study and only a long-term pro-
spective study would provide definitive answers; and (2) 
As this was a retrospective analysis, no control patients 
with established cardiotoxicity were available. As clini-
cally observable signs of  cardiotoxicity are likely to take 
longer to appear, such a study population requires to be 
followed for a longer period in a prospective setting. 

Due to the aforementioned two reasons, we propose 
further prospective studies to evaluate the role of  metabolic 
shift imaging in identifying and monitoring adriamycin-
induced cardiac metabolism alterations and cardiotoxicity, 
which may pave the way for individual-based chemother-
apy regimens by optimizing drug dose administration and 
minimizing toxicity. Such prospective studies, we believe, 
will allow stringent pre-scan setting, and thus normalize 
certain variables that can influence cardiac 18F-FDG up-
take which may not be possible using a retrospective ap-
proach. If  the theory proposed in this communication is 
validated by future studies, it would have a strong poten-
tial clinical impact in assessing and preventing cardiac 
toxicity secondary to adriamycin treatment.

To conclude, we observed significant differences in 
the pattern of  change in myocardial FDG uptake in pre-
and post-therapy FDG PET scans in patients treated 
with adriamycin. Although this study was unable to 
establish any statistical correlation between the dose of  
adriamycin and change in cardiac FDG uptake, we specu-
late that these changes can be ascribed to some unknown 
individual factors. As it is known that individual response 
to adriamycin-induced cardiotoxicity differs, we propose 
further studies to unravel the changes in cardiac metabo-
lism in vivo in response to adriamycin and its impact on 
the development of  adriamycin-induced cardiotoxicity.

COMMENTS
Background
Anthracyclines (such as adriamycin) are commonly employed and are effective 
chemotherapy drugs. However, dose-related cumulative cardiotoxicity is the 
major side effect of this agent. At present, the assessment of cardiac contractile 
function using MUGA or ECHO is the standard method for monitoring patients 
treated with adriamycin. However, contractile parameters of the myocardium 
show delayed changes in most patients and fail to identify patients with subclini-
cal damage early in the disease process.
Research frontiers
Recent reports show that the deleterious action of adriamycin on myocardium is 
predominantly due to free radical-induced mitochondrial injury. Such injury may 
lead to altered glucose metabolism in the myocardium. Animal models have 
demonstrated that metabolic changes induced by adriamycin precede con-
tractile dysfunction. Fluorodeoxyglucose (FDG) positron emission tomography 
(PET) scanning may be a sensitive tool to identify such metabolic changes.
Innovations and breakthroughs
Recent reports have identified the molecular pathways responsible for cardiac 
damage caused by adriamycin, as well as cardiac protection pathways such as 
the neuregulin-erbB pathway. These pathways are being exploited to minimize 
the cardiotoxic effects of chemotherapy agents and to generate specific cardio-
protective mechanisms.
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Table 1  The mean dose of adriamycin received and changes 
in cardiac SUVmean values on pre- and post-therapy 
fluorodeoxyglucose positron emission tomography scans of 
patients in groups A, B and C

Group of 
patients

n Mean dose 
of adriamycin 

(mg/m2)

Mean duration 
in days since last 
chemotherapy to 

PET scan

Mean difference 
in cardiac 
SUVmean 

(preRx-postRx)

Group A 8      256.25   15.12  4.668
Group B 6 250 21.5 Nil
Group C 4    137.5 18.5 -4.138

SUV: Standard uptake values; PET: Positron emission tomography.

Figure 1�� ������������ ������������  �������� �������������������� ���������  � ������������ ������������  �������� �������������������� ���������  Significant increase in cardiac fluorodeoxyglucose uptake in 
post-adriamycin treatment (on right) fluorodeoxyglucose positron emis-
sion tomography scan compared to pre-treatment fluorodeoxyglucose 
positron emission tomography scan (on left).
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Applications
FDG PET scanning may be a potential modality to identify early changes in 
patients with subclinical cardiotoxicity induced by adriamycin-based chemother-
apy. Such developments in screening for cardiotoxicity will help in individual-
izing the dose of cardiotoxic chemotherapy, and thus maximize the therapeutic 
advantage of chemotherapy, while limiting its toxic effects in the future.
Peer review
This is an interesting descriptive study that is hypothesis generating at best. 
The topic is of high interest and importance to the scientific community.
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