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The present translational study aimed to verify whether serial 8F-
FDG PET/CT predicts doxorubicin cardiotoxicity. Methods: Fifteen
athymic mice were treated intravenously with saline (n = 5) or with 5
or 7.5 mg of doxorubicin per kilogram (n = 5 each) and underwent
dynamic small-animal PET beforehand and afterward to estimate
left ventricular (LV) metabolic rate of glucose (MRGIlu). Thereafter,
we retrospectively identified 69 patients who had been successfully
treated with a regimen of doxorubicin, bleomycin, vinblastine, and
dacarbazine for Hodgkin disease (HD) and had undergone 4 con-
secutive '8F-FDG PET/CT scans. Volumes of interest were drawn
on LV myocardium to quantify mean SUV. All patients were sub-
sequently interviewed by telephone (median follow-up, 30 mo); 36 of
them agreed to undergo electrocardiography and transthoracic echocar-
diography. Results: In mice, LV MRGIu was 17.9 = 4.4 nmol x min—1 x
g~ at baseline. Doxorubicin selectively and dose-dependently increased
this value in the standard-dose (27.9 = 9 nmol x min—'x g, P < 0.05
vs. controls) and high-dose subgroups (37.2 += 7.8 nmol x min~1x g1,
P < 0.01 vs. controls, P < 0.05 vs. standard-dose). In HD patients,
LV SUV showed a progressive increase during doxorubicin treat-
ment that persisted at follow-up. New-onset cardiac abnormalities
appeared in 11 of 36 patients (31%). In these subjects, pretherapy
LV SUV was markedly lower with respect to the remaining patients
(1.583 = 0.9 vs. 3.34 = 2.54, respectively, P < 0.01). Multivariate
analysis confirmed the predictive value of baseline LV SUV for sub-
sequent cardiac abnormalities. Conclusion: Doxorubicin dose-
dependently increases LV MRGIu, particularly in the presence of
low baseline '8F-FDG uptake. These results imply that low myocardial
18F-FDG uptake before the initiation of doxorubicin chemotherapy in
HD patients may predict the development of chemotherapy-induced
cardiotoxicity, suggesting that prospective clinical trials are warranted
to test this hypothesis.
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Anthraoycline cardiomyopathy represents a major drawback of
chemotherapy for Hodgkin disease (HD) (/,2). Although underlying
mechanisms have not been fully elucidated, drug interference on the
respiratory chain and consequent oxidative stress seem to play a
major role (2,3). This effect is eventually followed by an enhanced
glucose consumption (2,4) paralleled by an enhanced myocardial
uptake of 8F-FDG (5,6). However, the potential association between
this index and anthracycline cardiotoxicity has been described in only
one case report (6), and its clinical potential remains uncertain.

The present translational study aimed to verify whether a response
of cardiac '"8F-FDG uptake to doxorubicin might actually predict a
late cardiotoxic effect. To this purpose, we first verified the dose-
dependent nature of doxorubicin action on myocardial metabolism
by analyzing a series of cancer mouse models previously studied in
our laboratory by small-animal PET scanning (7). Concurrently, we
evaluated the serial PET/CT scans obtained from a cohort of HD
patients to define the time sequence of doxorubicin metabolic effect
and to verify its possible clinical correlates.

MATERIALS AND METHODS

Animal Experiments

Experiments were conducted under the Guide for the Care and Use
of Laboratory Animals (8) and were approved by the local ethical
committee. Animals were kept under the same dietary regimen and
divided into 3 groups to be treated once a week for 3 wk with in-
travenous saline (n = 5) or either a 5 mg/kg (standard-dose, n = 5) or
7.5 mg/kg (high-dose, n = 5) dose of doxorubicin. Dynamic small-
animal PET imaging (Albira; Bruker US) was performed soon before
and 6 d after chemotherapy. A Patlak graphical approach (9) was
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adopted to estimate left ventricular (LV) metabolic rate of glucose
(MRGIu) and the corresponding index in skeletal muscle (SM) accord-
ing to the standard procedure previously validated in our laboratory
(7,10). SUV was also estimated in LV myocardium and limb SM.

Clinical Study

Searching the keyword HD in the database of all patients who un-
derwent '8F-FDG PET/CT in our laboratory between January 2007
and December 2015, we identified 587 patients. The study population
was thus selected according to the following inclusion criteria: no
cardiovascular disease; no diabetes; normal baseline electrocardio-
gram and echocardiogram results; available staging '8F-FDG PET/
CT scan (PET1); negative interim PET (PET2) results; completion
of doxorubicin, bleomycin, vinblastine, and dacarbazine chemother-
apy (doxorubicin dose, 40-50 mg/m? per cy-
cle); negative '8F-FDG PET/CT results both

transformed using a natural logarithmic transform. Finally, the ability
of LV SUV1 to predict the occurrence of cardiotoxicity while adjust-
ing for various potential confounders was tested by multivariate lo-
gistic regression analysis. The presence or absence of cardiac
abnormalities was tested with respect to the following baseline cova-
riates: age, sex, Ann Arbor stage, mediastinal irradiation, cumulative
administered doxorubicin dose, and baseline myocardial '8F-FDG up-
take. Since clinical assessment for the presence of cardiac abnormalities
occurred at various times (from 8 to 26 mo) after the administration of
doxorubicin, bleomycin, vinblastine, and dacarbazine, follow-up duration
was also included in the model as a covariate. Because of collinearity
between Ann Arbor staging and mediastinal irradiation, these two vari-
ables could not be included in the same model. Their role as confounders
was tested separately with all the other covariates included. Because the

at 4-6 wk after therapy (PET3) and at the
6-mo follow-up (PET4); and no subsequent A
HD relapse at late clinical follow-up. This
process narrowed the final population down
to 69 patients (Supplemental Fig. 1; supple-
mental materials are available at http://jnmt.
snmjournals.org). The myocardial metabolic
pattern in these patients was compared with
the corresponding findings in 69 sex- and age-
matched subjects selected from our database
(11). The institutional review board approved
this study, and all subjects gave written in-
formed consent to the imaging procedure, as
part of our routine clinical care.

The '8F-FDG intravenous injection was
preceded by a minimum of 6 h of fasting
and serum glucose level control. All !8F-
FDG PET/CT scans were acquired according
to the conventional procedure, using a Hirez-
16 PET/CT hybrid system (Siemens Medical
Solutions). Two volumes of interest were
manually drawn on the LV myocardium and
on the SM (longissimus thoracis) to estimate
the LV SUV and SM SUYV, respectively. CT
images were used to identify the myocardium
when there was no cardiac uptake.

All 69 patients were interviewed by tele-
phone; 36 of them agreed to undergo a clinical
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Statistical Analysis

All data are presented as mean * SD or
proportions. Differences between paired and

FIGURE 1.

unpaired continuous data were analyzed by
the Student ¢ test, as appropriate. Categoric
variables were analyzed using the x? test. A
probability value of less than 0.05 was con-
sidered statistically significant. In instances
of a skewed data distribution, values were
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Dose-dependent doxorubicin effect on LV MRGlu. (A) Axial and sagittal planes of
small-animal PET studies on mice before and after treatment with saline or with 5 or 7.5 mg/kg
dose of doxorubicin. (B) Doxorubicin administration was followed by significant increase in LV
MRGilu, as opposed to stable values in untreated mice. Moreover, dose-dependent nature of
doxorubicin metabolic effect was confirmed by significant difference between posttherapy scans
in animals treated with standard or high doses. (C) Doxorubicin administration did not affect SM
MRGilu. *P < 0.05 vs. after treatment. **P < 0.01 vs. after treatment. DXR = doxorubicin.
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results of the two analyses were similar, only those of the first one are
reported. The multivariate analyses proceeded by means of a backward
stepwise procedure, based on the likelihood ratio test, with a P value of
at least 0.1 for removal. The estimated coefficients with their standard
errors were used to compute the odds ratios with 95% confidence inter-
vals. The same model was also fitted separately for each covariate to
estimate the univariate odds ratios with 95% confidence intervals. Sta-
tistical analyses were performed using a dedicated software application,
SPSS (version 21.0, IBM).

RESULTS

In Vivo Animal Experiments

In animal models, doxorubicin increased cardiac glucose
disposal (Fig. 1A) without affecting either body weight or serum
glucose level (data not shown). At compartmental analysis of
dynamic PET scans (Fig. 1B), LV MRGIu remained stable in
control mice (from 17.9 *+ 4.4 to 189 = 4.8 nmol X min~! x g,
P = not statistically significant). Standard dose increased LV MRGlu
from 17.5 = 3.7 t0 27.9 = 9.1 nmol X min~! x g1 (P < 0.05 vs.
controls; P < 0.05 vs. corresponding baseline). This effect was sig-
nificantly more evident at the high drug dose, which augmented LV

MRGlu from 16.7 = 5.1 to 37.2 = 7.8 nmol X min~! X g=1 (P <
0.01 vs. controls and corresponding baseline; P < 0.05 vs. standard
dose). As expected, the analysis of LV SUV strictly reproduced all
these findings (Supplemental Figs. 2A and 2B).

Cardiac selectivity of doxorubicin metabolic effect was con-
firmed by the lack of SM response in all groups. In fact, both SM
MRGlu (Fig. 1C) and SM SUV (Supplemental Fig. 2B) remained
remarkably stable before and after treatment. Consequently, the
ratio LV SUV/SM SUV remained stable at baseline values in sham
mice (3.28 = 0.9) but increased in a dose-dependent fashion after
chemotherapy (to 4.42 * 1.02 and to 6.43 £ 1.96 in standard and
high doxorubicin doses [P < 0.05 and P < 0.01], respectively).

Overall Doxorubicin Effect on Cardiac Metabolism in
Humans

Clinical data and time intervals between the 4 PET/CT studies
of the patient population and the controls are reported in Table 1.
Baseline LV SUV was similarly distributed in the controls, in the
69 studied subjects, and in the 35 excluded patients because of
positive PET2 results (Fig. 2A). Similarly, no difference in age,
sex, or Ann Arbor stage was observed between the 69 recruited
patients and the 138 excluded ones because of either positive

TABLE 1
Baseline Clinical Characteristics of HD and Control Enrolled Patients
Characteristic HD Control P

Age (y) 39 + 13 (range, 19-58) 41 + 8 (range, 20-72) NS
Male sex 37/69 (53%) 35/69 (50%) NS
Weight (kg) 67.1 12 765+ 7 <0.05
Glycemia at '8F-FDG injection (mg/dL) 79 £ 7 (range, 61-101) 83 + 11 (range, 62-94) NS
Cardiovascular risk profile

Hypertension 6/69 (8%) 15/69 (21%) <0.01

Tobacco use 19/69 (27 %) 30/69 (43%) <0.05

Total cholesterol 183.7 £ 30 188 + 53 NS

Low-density lipoprotein 114.5 + 32 120 + 25 NS

Triglycerides 121.3 £ 49 129.7 £+ 57 NS

Creatinine 0.8 £ 0.1 0.85 £ 0.2 NS

Family history of CAD 7/69 (10%) 5/69 (7%) NS
Time intervals between PET studies

PET1-PET2 (d) 73.7 £ 21 99 + 90 <0.05

PET2-PET3 (d) 148 £ 70 167 + 98 NS

PET3-PET4 (d) 195 + 92 229 + 100 NS

Overall PET1-PET4 (d) 427 + 198 448 + 141 NS
Baseline Ann-Arbor staging

| stage 7/69 (10%) — —

Il stage 42/69 (60%) — —

Il stage 8/69 (12%) — —

IV stage 12/69 (17%) — —

B symptoms 10/69 (14%) — —

)

Mediastinal radiotherapy

Total administered doxorubicin dose (mg)

35/69 (55%
456.6 + 103

NS = not statistically significant; CAD = coronary artery disease.

Qualitative data are expressed as numbers followed by percentages in parentheses; continuous data are expressed as mean + SD.
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Electrocardiography or echocardiography
* documented new-onset abnormalities in
11 patients (31%) (4 women and 7 men;
mean age, 44 * 17 y; age range, 21-66 y;
Table 2). Signs of possible cardiotoxicity
were dyspnea associated with a decrease in
LV ejection fraction (n = 2), atrial fibrilla-
tion (n = 1), the appearance of negative T
waves in the anterior leads (n = 2), and an
alteration in the diastolic mitral flow pro-
file (inversion of E/A wave ratio) at Dopp-
ler examination (n = 6).
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=08 therapy LV dimensions and function were
normal and were remarkably similar between
the two subgroups. By contrast, average LV
ejection fraction significantly decreased after
doxorubicin in the 11 patients with cardio-
toxic response and became significantly lower
with respect to the remaining 25 patients
(Table 2; Fig. 3).

The appearance of cardiac abnormality
was not related to differences in sex, age,
mediastinal radiotherapy, total drug dose,

P01

FIGURE 2. Myocardial and SM divergent metabolic pattern in HD population. (A) Distribution of ~ ©T follf)w-up duratiqn (Table. 2). By con-
baseline LV SUV was similar between 69 enrolled subjects, excluded patients, and controls. (B) In ~ trast, it was associated with markedly

HD patients, LV SUV progressively increased from PET1 to PET3, rem

aining relatively stable at  lower LV SUVs at baseline with respect

PETA4. By contrast, it remained unchanged in controls. (C) Divergent nature of SM doxorubicin effect  tg both the remaining 25 patients (1.53 *
can be appreciable at PET4. (D) LV SUV/SM SUV ratio at the 4 time points. *P < 0.05 vs. control. 0.9 vs. 3.34 =+ 2.54, respectively, P < 0.01

PET?2 results (n = 35) or other reasons (n = 103) (Supplemental Fig.
1; Supplemental Table 1), suggesting a low likelihood of selection bias.

In the HD population, LV SUV was 2.37 = 1.6 at baseline,
showed a progressive increase during doxorubicin treatment up
to PET3, and remained persistently elevated at PET4 (Fig. 2B).
By contrast, overall cardiac uptake remained unchanged in control
subjects throughout the study period. Accordingly, HD patients
showed significantly higher LV SUVs with respect to controls both
at PET3 and at PET4 (Fig. 2B).

Again, the selective nature of cardiac response was confirmed by
the divergent behavior of SM metabolism, which was only scarcely
and transiently affected by doxorubicin (Fig. 2C). Therefore, the
ratio between LV and SM SUV remained stable during treatment,
whereas it significantly increased during follow-up (Fig. 2D) to val-
ues significantly higher than those observed in control subjects.

Despite this trend in average values, patients’ response to chemo-
therapy only partially reproduced the repeatability of doxorubicin
action on myocardial metabolism observed in animal experiments.
Although no patient showed a progressive reduction in myocardial
tracer retention during or after therapy, doxorubicin effect on !8F-
FDG myocardial uptake was heterogeneous and largely independent
of the cumulative drug dose (Supplemental Fig. 3).

Myocardial Function Assessment
During the interval between PET4 and the cardiologic interview
(median time from PET4, 30 mo; range, 3-96 mo), none of the 69

Figs. 4A and 4B) and the control subjects
(32 £ 1.7, P < 0.01 vs. abnormal and P = not statistically
significant vs. negative clinical follow-up). This difference tended
to progressively disappear over time (Fig. 4C). In fact, '8F-FDG
uptake significantly and progressively increased in the 11 patients
with late cardiac abnormalities (Fig. 4D). This trend persisted even
after doxorubicin discontinuation, as opposed to the remaining 25
subjects with negative follow-up, in whom the cardiac metabolic
pattern remained relatively stable during and after doxorubicin, bleo-
mycin, vinblastine, and dacarbazine (Fig. 4E). Multivariate analysis
confirmed that baseline '8F-FDG uptake was strongly associated
with the subsequent development of cardiac abnormalities, providing
additive predictive power with respect to conventional risk stratifi-
cation (Table 3).

DISCUSSION

The present study documented that doxorubicin influences
myocardial glucose consumption. The dose-dependent nature of
this metabolic effect was well evident and reproducible in animal
experiments, whereas it was largely heterogeneous in patients
according to baseline metabolic pattern. Relatively preserved
cardiac '8F-FDG retention predicted a virtual absence of response of
cardiac metabolism to doxorubicin. By contrast, patients with low
baseline tracer uptake displayed a systematic metabolic reaction to
doxorubicin: myocardial SUV progressively increased during the
therapy; this state of increased glucose consumption persisted for

DoxoruBIcIN MYocARDIAL METABOLIC IMPACT ¢ Bauckneht et al. 1641



TABLE 2
Demographic and Clinical Data of HD Patients with Normal Follow-up Findings
with Respect to Those with Abnormal Follow-up Findings

Characteristic Normal follow-up (n = 25) Abnormal follow-up (n = 11) P
Age (y) 36.8 + 12 445 + 17 NS
Male sex 14 (56%) 7 (63%) NS
Weight (kg) 68.9 + 13 70.7 £ 12 NS
Glycemia at PET1 (mg/dL) 792+5 82.4+4 NS
Cardiovascular risk profile
Hypertension 2 (8%) 1 (9%) NS
Tobacco use 5 (20%) 2 (18%) NS
Total cholesterol 186 + 28 181 £ 33 NS
Low-density lipoprotein 119.6 + 28 113.3 + 31 NS
Triglycerides 117.2 £ 56 122.9 + 49 NS
Creatinine 0.8 + 0.1 0.7 £ 0.1 NS
Family history of CAD 2 (8%) 1 (9%) NS
Baseline Ann Arbor staging
| stage 3 (12%) 2 (18%) NS
Il stage 15 (60%) 5 (45%) NS
Il stage 3 (12%) 2 (18%) NS
IV stage 4 (16%) 2 (18%) NS
B symptoms 5 (20%) 2 (18%) NS
Mediastinal radiotherapy 13(52%) 5 (45%) NS
Total administered doxorubicin dose (mg) 430.9 £ 109 421.3 £ 107 NS
Clinical follow-up duration (d) 1,121 + 874 860 + 665 NS
Follow-up clinical data
Chest pain — — -
Dyspnea — 2 (18%) -
Syncope — — -
Palpitations — 2 (18%) -
Follow-up ECG abnormalities — 3 (27%)* =
Baseline echocardiography
End-diastolic diameter (mm) 491 +2 48 £ 3 NS
End-systolic diameter (mm) 29+3 31+2 NS
Fractional shortening (%) 44% + 4% 46% * 3% NS
LV ejection fraction 59.8 £ 2.1 59.3+1.7 NS
Diastolic dysfunction 0 (0%) 0 (0%) NS
Follow-up echocardiography
End-diastolic diameter (mm) 49.2 +1 49.3+5 NS
End-systolic diameter (mm) 272+3 33.6 £ 11 NS
Fractional shortening (%) 44% + 4% 38% + 5%T <0.05
LV ejection fraction 60.3 + 2 55+ 7T <0.05
Diastolic dysfunction 0 (0%) 5 (45%) <0.01

*1 patient developed atrial fibrillation; 2 patients developed negative T waves in anterior leads.

TP < 0.05 with respect to corresponding baseline.

NS = not statistically significant; ECG = electrocardiographic; CAD = coronary artery disease.

Qualitative data are expressed as numbers followed by percentages in parentheses; continuous data are expressed as mean + SD.
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FIGURE 3.

months after treatment. This metabolic pattern correlated with the
onset of late electrocardiographic or echocardiographic abnormali-
ties. Multivariate analysis confirmed the low myocardial '8F-FDG
uptake before therapy as the most potent predictor of subsequent
cardiac alterations, whose power even overcame the predictive value
of acknowledged risk factors such as mediastinal irradiation or total
doxorubicin dose (2).

Doxorubicin Effect on Cardiac Metabolism

The analysis of doxorubicin effect on myocardial '3F-FDG up-
take has been hampered by the large variability of myocardial
metabolic pattern under fasting conditions (/3), commonly attrib-
uted to the dietary regimen in the days before '8F-FDG PET/CT
(14). The experimental part of our study ruled out this confound-
ing interference to document that doxorubicin dose-dependently
and rapidly increased myocardial SUV in mice fed a standardized
diet. No data about cardiac function were available in these ani-
mals, and thus the present study did not elucidate whether the
increased '8F-FDG uptake was a marker of an early contractile
impairment. Nevertheless, this effect occurred in all animals and
was induced by the same drug doses that could trigger the late
appearance of both electrocardiographic abnormalities and con-
tractile impairment (/5). Along this line, it is conceivable that the
observed metabolic response might represent an early marker of
cardiac toxicity at least partially able to predict the development
of clinically evident anthracycline-related cardiac dysfunction.

Unfortunately, the retrospective nature of data selection pre-
vented any possible evaluation of the mechanisms underlying the
accelerated glucose consumption. However, Hrelia et al. pre-
viously reported that 1 wM doxorubicin almost doubles the uptake
of the '8F-FDG analog 2-deoxyglucose, enhancing the expression
of glucose transporter 1 in neonatal rat ventricular cardiomyocytes
(16). This response might reflect the acknowledged capability of
doxorubicin to inhibit fatty acid oxidation and mitochondrial func-
tion (/7), thus increasing glucose intake via the phosphorylation of
adenosine monophosphate—activated protein kinase (/8). However,
the direct relationship between this metabolic shift and energy
depletion remains largely elusive, mostly because the increase in
glucose consumption has been found to be transient (/6) and

DoxoRUBICIN MYOCARDIAL METABOLIC IMPACT ¢

Individual and average values of LV ejection fraction in 2 subgroups of patients with
normal and abnormal cardiac follow-up. ns = not statistically significant.

a peculiar pathway located within the en-
doplasmic reticulum dedicated to preserv-
ing redox equilibrium (/0).

Doxorubicin Effect on HD Patients

In the clinical setting, several confounding factors hamper a
precise definition of the link between trends in '8F-FDG uptake
and doxorubicin cardiotoxic effects. On one hand, obvious ethical
considerations prevented an accurate definition of dose depen-
dency of this drug action. On the other hand, changes in cardiac
energy expenditure (e.g., changes in LV rate—pressure product)
were not assessed as part of the clinical imaging procedure and
therefore it is uncertain if a portion of the observed increases in
LV SUVs might have reflected changes in myocardial workload.
However, no patient complained of symptoms suggesting a pro-
gressive increase in heart rate or arterial pressure to levels able to
induce a measurable increase in LV MRGlu during treatment and
after its discontinuation (27). Similarly, follow-up cardiologic ex-
amination did not report tachycardia or new-onset hypertension in
any of the 36 tested patients, suggesting that changes in workload
are unlikely to have a major impact on the observed cardiac met-
abolic responses to doxorubicin. Finally, we evaluated only pa-
tients with negative interim PET results to avoid the interference
of changes in chemotherapy regimen. Accordingly, negative in-
terim PET predicts the highest prevalence of disease remission and
thus identifies patients in whom doxorubicin cardiotoxicity is a
major drawback. This decision might have introduced possible
selection biases. However, the clinical picture and LV SUV were
similarly distributed in the enrolled population, in the excluded
HD patients, and in the control subjects.

Together with its systematic nature, the prolonged duration of
cardiac '3F-FDG response to doxorubicin intrinsically implies that
the known variability of myocardial '8F-FDG uptake cannot be
attributed simply to the dietary regimen on the days immediately
preceding the PET study (/4). Rather, it identifies a direct and
selective doxorubicin action on the myocardium. In fact, the in-
crease in cardiac '8F-FDG uptake persisted for 6 mo after doxo-
rubicin, bleomycin, vinblastine, and dacarbazine discontinuation,
when SM had turned back to a baseline metabolic pattern. The
different time trend documented in our patient cohort nicely re-
produces the different time course in respiratory impairment in the
two tissues (22) and the selective nature of mitochondrial damage in-
duced by doxorubicin in the myocardium (23) of experimental models.
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FIGURE 4. (A and B) Divergent myocardial metabolic pattern between

example HD patients with abnormal (A) and normal (B) cardiac follow-
up. (C) '8F-FDG uptake on 4 PET/CT scans in 2 subgroups shows that
baseline LV SUV was markedly lower in patients with late cardiac ab-
normalities than in remaining 25 patients (*P < 0.01). (D) '8F-FDG up-
take significantly and progressively increased in 11 patients with late
cardiac abnormalities. (E) This trend persisted even after doxorubicin
discontinuation, as opposed to remaining 25 subjects.

Differently from PET data, cardiac evaluation was available in
only 36 of the 69 selected HD patients. This limitation was
obviously caused by the retrospective nature of our analysis and
implies that the only information available for the remaining
33 patients is the absence of hospital admissions. Similarly, only
2 patients developed symptomatic LV dysfunction and only 1
patient atrial fibrillation. However, the applied criteria identified
a decrease in LV ejection fraction that, though modest, is an
acknowledged predictor of subsequent cardiotoxic evolution (24).
Unfortunately, the present data do not elucidate whether baseline
I8F_-FDG uptake predicts a progression of contractile impairment
in high-risk HD patients with previous cardiovascular diseases.
This task would have required a multicenter approach and large
patient sample to account for the inevitable interference of hetero-
geneities in the progression rate of preexisting cardiac disorders
and in the necessary adaptation of chemotherapy schemes.

CONCLUSION

The present study highlighted a dose-dependent action of doxoru-
bicin on myocardial metabolism. In the clinical setting, this response
seems to be present only (or mainly) in the subset of patients in whom
a low baseline myocardial '8F-FDG uptake predicted a progressive
increase in cardiac glucose consumption during and after chemother-
apy, as well as a higher incidence of cardiac abnormalities.

The potential impact of these findings and their correct introduction
into clinical practice require further prospective studies. Nevertheless,
their relevance relies on the observation of a predictive value for
cardiac '8F-FDG uptake in the PET sessions performed, under fasting
conditions, for staging purposes. Should these data be confirmed, the
selection of candidate alternative therapeutic protocols or of candidate
cardioprotective treatments might be possible without the need for a
further scan by adopting specific procedures to optimize the study of
myocardial metabolism.
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