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High cumulative doses of anthracyclines (300-500 mg/m?) used in the treatment of children with cancer may result in
cardiotoxicity, a major long-term adverse effect that limits clinical usefulness of this class of chemotherapeutic agents. We assessed
anthracycline-induced cardiotoxicity by measuring Pro-BNP levels and echocardiographic (ECHO) findings and investigated
potential protective effect of selenium (Se) supplementation in a group of pediatric cancer patients. Plasma level of Pro-BNP
was measured, and ECHO was performed in 67 patients (45 boys, 22 girls; ages 2—18 years; median age 12 years) after they
completed anthracycline-containing chemotherapy. Serum Se level was measured in 37 patients. Eleven patients had high Pro-
BNP levels and/or cardiac failure with Pro-BNP levels of 10-8,022 pg/mL (median 226.3 pg/mL; laboratory normal level is less
than 120 pg/mL). Serum Se levels were low (20-129 mcg/L, median 62 mcg/L) in ten of these eleven patients. Eight of 10 patients
with low Se and high Pro-BNP levels were supplemented with Se 100 mcg/day for a period of 4-33 months (median 6 months)
which resulted in improvement in Pro-BNP and/or ECHO findings. These results suggest that Se supplementation may have a role
in protection against anthracycline-induced cardiac toxicity.

1. Introduction B-type-natriuretic peptide (BNP) is a polypeptide hor-
mone predominantly released from the cardiac ventricles in
response to volume expansion and pressure overload. BNP
is found in the circulation as BNP-32 and the NH,-terminal
portion of ProBNP (Nt-proBNP). BNP levels are elevated in

High cumulative doses of anthracyclines (300-500 mg/m?)
are frequently administered to children with cancer. Cardiac
toxicity is a serious adverse effect that limits the therapeutic

potential of anthracyclines and threatens the cardiac function | i ] X )
of pediatric cancer patients leading to debilitating long-term ~ Patients with left ventricular systolic dysfunction and cor-
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5]. This is particularly devastating in children who are cured ~ Measuring serum Pro-BNP levels is a reliable way to monitor
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exercise capacity which may also lead to other chronic Selenium (Se) is a trace element distributed in a small
illnesses. amount in the soil and certain foods. It is an important
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antioxidant, and its absence has been associated with car-
diomyopathy in people living in areas with poor levels of
soil Se. The concentration of Se in grain varies based on
the soil content. Dietary Se is found in meat and seafood.
It is a cofactor for glutathione peroxidase which catalyzes
the reduction of hydrogen peroxide using glutathione. It
is an essential element to remove free radicals from the
body and to prevent oxidative tissue damage [15-19]. Se
supplementation could potentially prevent cardiac toxicity of
anthracyclines [16-20].

In this study, we assessed anthracycline-induced car-
diotoxicity by measuring Pro-BNP levels and echocardio-
graphic (ECHO) findings, and we investigated the potential
protective effect of Se supplementation in a group of children
with high Pro-BNP levels and/or cardiac dysfunction.

2. Patients and Methods

Plasma level of Pro-BNP was measured, and echocardio-
graphy (ECHO) was performed in 67 pediatric cancer
patients (45 boys and 22 girls, ages between 2 and 18 years,
median age 12 years) with a variety of tumors (leukemias,
lymphomas, solid tumors) after completing anthracycline-
containing treatment. Serum Se levels were measured in
37 patients. Sera were stored at —20 degrees centigrade
until selenium levels were measured with atomic absorption
method. Patients with low level of Se were supplemented
with Se (100 mcg/day).

3. Statistical Analysis

Statistical analysis was performed using SPSS (Version 15.0)
software package. Comparisons between the groups were
done using Mann-Whitney U test, Wilcoxon sign test, and
Fisher’s exact test. Levels of statistical significance were set
at a P value < 0.05. The results were expressed as range
(minimum and maximum) and median.

4. Results

In eleven patients who had high Pro-BNP levels and/or
cardiac failure Pro-BNP levels ranged between 10 and
8022 pg/mL with a median of 226.3 pg/mL (normal <
120 pg/mL). Fifty-six patients had normal Pro-BNP levels
(8.2-119.6 pg/mL, median 32.4 pg/mL). As seen in Table 1,
the difference in levels of Pro-BNP between these two groups
was significant (P < 0.001). Serum Se levels were low in 10
of these 11 patients with high Pro-BNP levels and/or cardiac
failure (20-129 mcg/L, median 62 mcg/L). Twenty-six of 56
patients with normal Pro-BNP levels were also investigated
for Se levels (51.3-150 mcg/L, median 99.4 mcg/L). There
was a significant difference between Se levels of patients in
high Pro-BNP and normal Pro-BNP groups (P < 0.001)
(Table 1).

Abnormal ECHO findings were observed in 7 of 11
(63.6%) patients with high Pro-BNP levels and/or cardiac
failure group. Only 1 (3.8%) of 26 patients with normal
Pro-BNP levels had abnormal ECHO finding. A patient
with normal pro-BNP and low Se level died in 1 month
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TaBLE 1: Selenium and Pro-BNP levels of patients.

Normal Pro-BNP High Pro-BNP and/or abnormal

(n = 56) ECHO (n = 11)

Range Median  Range Median

* -
Pro-BNP ¢ ) 1196 324  10-8022 2263

(pg/mL)
**Selenium
(mcg/L)*** 51.3-150  99.4 20-129 62
“P <0.001.
#%D <0.001.

*¥**p = 26 (twenty-six of fifty-six patients with normal Pro-BNP were

measured for Se level) Mann Whitney U test was used, and median (range)
was given as descriptive statistics.

because of progressive disease with respiratory failure and
cardiac failure. The probability of having abnormal ECHO
findings was significantly higher in patients with high Pro-
BNP compared to those with normal Pro-BNP (P < 0.001)
(Table 2). Eight of 11 patients with low Se and high Pro-BNP
levels were supplemented with Se 100 mcg per day for 4-33
months (median 6 months). Three of 8 patients had cardiac
failure according to ECHO and were supplemented with Se
in addition to digoxin and ACE inhibitors. All 3 patients were
doing well with normal ECHO findings and normal Pro-
BNP levels after a follow-up periods of 33, 14, and 5 months.
Five patients, 3 with normal ECHO and 2 with diastolic dys-
function (one with low Pro-BNP level, other with high Pro-
BNP level) also, were supplemented with selenium (100 mcg
per day). One patient who had diastolic dysfunction with
normal Pro-BNP did well with Se supplementation with
normalization of ECHO findings, but she later died due to
progression of her cancer. Another patient with diastolic
dysfunction as well as 3 patients with normal ECHO had
normal Se and Pro-BNP levels after 4-6 months of Se
supplementation. Only 3 patients were not supplemented
with Se in the high Pro-BNP and/or cardiac failure group,
because one of them had normal Se level, the second one
died with progressive disease in a very short period of
time, and the third one had Pro-BNP level within normal
limits after the removal of intracardiac tumor thrombus with
open heart surgery (Table 3). In Se-supplemented group,
supplementation period was between 4 and 33 months
(median 6 months). Before supplementation, Pro-BNP
levels were between 10 and 843 pg/mL (median 175 pg/mL).
After supplementation, Pro-BNP levels were 2-536 pg/mL
(median 73.5pg/mL) which were significantly lower than
pretreatment levels (P = 0.018). Pretreatment Se levels were
between 20 and 83 mcg/L (median 57 mcg/L). After supple-
mentation Se levels were 65-109 mcg/L (median 103 mcg/L)
which were significantly higher than presupplementation
level (P = 0.028) (Table4). After achieving normal Se
and Pro-BNP levels, Se supplementation was discontinued.
During follow-up period with no Se supplementation, 2—
6 months after supplementation repeat measurements of Se
levels were 75-106 mcg/L (median 83 mcg/L), and Pro-BNP
levels were 10-123.5 pg/mL (median 106.5pg/mL), which
were lower for Se (P = 0.068) and higher for Pro-BNP
(P = 0.109) compared to Se-supplemented period (Table 4).
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TaBLE 2: Echo findings of patients with high and normal Pro-BNP levels.

ECHO findings

Normal n = 29 (%)

Total number of patients (%)
Abnormal n = 8 (%)

Normal Pro-BNP levels 25(96.2) 1(3.8) 26 (100)
High Pro-BNP levels 4(36.4) 7 (63.6) 11 (100)
Total 29 (78.4) 8 (21.6) 37 (100)

P < 0.001 (Fisher’s exact test).

5. Discussion

The main long-term toxicity of anthracyclines is cardiac
dysfunction associated with their chronic and/or high-
dose administration. Severe cardiomyopathy and congestive
heart failure may develop any time after the completion of
the treatment. The precise pathogenesis of anthracycline-
induced cardiotoxicity is still uncertain, and it is likely
to be multifactorial in origin. Nevertheless, pivotal role is
attributed to the iron-catalyzed intramyocardial production
of reactive oxygen species (ROS), which cause damage
of various targets in the myocardial cells [1-5]. Probrain
natriuretic peptide (Pro-BNP) is released by cardiac cells,
and serum levels are elevated even before the development
of overt cardiac distress symptoms related to impairment
of left ventricular systolic or diastolic function leading to
increased left ventricular wall stretch. Recent studies have
also suggested that ischemia itself may promote release
of BNP [7, 20-24]. In the present study, we evaluated
cardiotoxicity in 67 pediatric patients with cancer (leukemia,
lymphoma, and solid tumor) after they completed treatment
with anthracycline-containing regimens. We also evaluated
Se levels and the effects of Se supplementation with regard to
cardiotoxicity because previous studies with Keshan disease
(KD) suggested potential protective role of Se for cardiac
dysfunction observed in Se deficiency.

KD, a potentially fatal form of cardiomyopathy, first
found in Keshan county, northeast China, is one of the
most harmful endemic diseases. The disease is characterized
by multifocal myocardial necrosis and fibrosis and leads to
congestive heart failure and cardiogenic shock. Although the
exact etiology of KD is unclear, Se deficiency is a major con-
tributing factor [19]. Investigations into the epidemiology
of KD revealed that individuals living in areas with Se-poor
soil were under a high risk of development of the disease.
Individuals living in those areas had low dietary intakes of
Se that were reflected in low serum and hair levels of Se.
Populations living in areas of China with Se-rich soil did not
develop KD [25-28].

In this study we have investigated the potential role of Se
in anthracycline-induced cardiotoxicity in pediatric cancer
patients undergoing chemotherapy. We found an association
between low Se levels and anthracycline cardiotoxicity which
could be prevented by Se supplementation. These results sug-
gest that Se deficiency may have an effect on anthracycline-
induced cardiomyopathy, which may have similarities to KD.

The family of selenoproteins includes glutathione per-
oxidases, the redox enzymes that take advantage of the

chemical properties of Se to remove free radicals by reduced
glutathione and thus to form oxidized glutathione. Se sup-
plementation had a protective effect on ischemia/reperfusion
injury in experimental animals; it improved the recov-
ery of cardiac function, decreased ultrastructural changes,
increased the expression of glutathione-related enzymes,
and partially affected the antioxidant capacity of the tissues
together with an effect on gene transcription level [29, 30].
Se supplementation prevented the hypoxia/reoxygenation
injury of the isolated neonatal cardiomyocytes and resulted
in an NO-related increase of inotropic response of cardiac
muscle to the beta-adrenergic stimulation by isoproterenol
[17]. Oral Se supplementation has been shown to reverse
the biochemical evidence of the Se deficiency [29-31]. The
beneficial effect of treatment with the inorganic form of Se
was also demonstrated in experimental models of cardiac
injury [31, 32]. The mechanism by which Se influences
iNOS cardiac expression is unknown. Kim et al. [33] have
shown that lipopolysaccharide-activated human T cells with
relatively high concentrations of selenite had lower NF-kB-
binding and -decreased NO production. Similarly, Turan
et al. [34] observed that total NF-kB in the cardiac muscle
was reduced by Se. They suggested that Se deficiency or
excess affects signal transduction. Se effect can be monitored
with Pro-BNP, a good marker of cardiac function [7, 35].

Dietary supplementation of 100 ug Se (sodium selenite)
in patients receiving total parenteral nutrition has been
reported to prevent arrhythmias and cardiomegaly and lead
to an increase in left ventricle ejection fraction [36]. In
addition, the incidence of Keshan disease, an endemic dilated
congestive myocardiopathy in areas of Se deficiency in China
and Russia, has been shown to be decreased by oral Se
supplementation at a dosage of 150-300 ug/week [36, 37].
It should be noted that Se supplementation has also been
suggested as a strategy for prevention of myocardial disease
in other studies of human cardiac pathology [36-38].

The results of our study support the hypothesis that
Se supplementation could be considered as a strategy for
treatment and prevention of anthracycline-induced car-
diomyopathy observed in children with cancer. Our results
also suggest that Se supplementation should be continued
much longer to ameliorate or prevent anthracycline-induced
cardiotoxicity. In conclusion, our results suggest that Se
supplementation may have a potential role in the protection
against anthracycline-induced cardiac toxicity in patients
with high pro-BNP level and/or cardiac failure and low Se
levels.
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TABLE 4: Pre- and postsupplementation levels in Se-supplemented patients with low serum Se levels and high Pro-BNP levels and/or cardiac
failure.

n=2_8

Presupplementation levels,
range (median)

Lst postsupplementation
levels, range (median)

2nd postsupplementation
levels, range (median)

Pro-BNP (pg/mL)
Se (mcg/L)

10-843 (175)
20-83 (57)

2-536 (73.5)*
65-109 (103)***

10-123.5 (106.5)**
75-106 (83)****

“P =0.018.

% p

=0.109.

*HEP =0.028.
HHEXP = 0.068.
Wilcoxon sign test was used; median and range were given as descriptive statistics.

Acknowledgment

The authors thank Ankara University Medical School for
supporting the project.

References

(1]

T. Simunek, M. Sterba, M. Holeckova et al., “Myocardial
content of selected elements in experimental anthracycline-
induced cardiomyopathy in rabbits,” BioMetals, vol. 18, no. 2,
pp. 163-169, 2005.

C. N. Rathcke, E. Kjoller, N. Fogh-Andersen, B. Zerahn, and
H. Vestergaard, “NT-proBNP and circulating inflammation
markers in prediction of a normal myocardial scintigraphy
in patients with symptoms of coronary artery disease,” PLoS
ONE, vol. 5, no. 12, Article ID e14196, 2010.

S. Granados-Principal, J. L. Quiles, C. L. Ramirez-Tortosa, P.
Sanchez-Rovira, and M. Ramirez-Tortosa, “New advances in
molecular mechanisms and the prevention of adriamycin tox-
icity by antioxidant nutrients,” Food and Chemical Toxicology,
vol. 48, no. 6, pp. 1425-1438, 2010.

M. O’Donoghue and E. Braunwald, “Natriuretic peptides in
heart failure: should therapy be guided by BNP levels?” Nature
Reviews Cardiology, vol. 7, no. 1, pp. 13-20, 2010.

K. Chandran, D. Aggarwal, R. Q. Migrino et al., “Doxorubicin
inactivates myocardial cytochrome ¢ oxidase in rats: cardio-
protection by Mito-Q,” Biophysical Journal, vol. 96, no. 4, pp.
1388-1398, 2009.

X Luo, Y. Evrovsky, D. Cole, J. Trines, L. N. Benson, and D.
C. Lehotay, “Doxorubicin-induced acute changes in cytotoxic
aldehydes, antioxidant status and cardiac function in the rat,”
Biochimica et Biophysica Acta, vol. 1360, no. 1, pp. 45-52, 1997.
K. Nakao, Y. Ogawa, S. Suga, and H. Imura, “Molecular
biology and biochemistry of the natriuretic peptide system. I:
natriuretic peptides,” Journal of Hypertension, vol. 10, no. 9,
pp. 907-912, 1992.

J. Hino, H. Tateyama, N. Minamino, K. Kangawa, and H.
Matsuo, “Isolation and identification of human brain natri-
uretic peptides in cardiac atrium,” Biochemical and Biophysical
Research Communications, vol. 167, no. 2, pp. 693—700, 1990.
P. Krishnaswamy, E. Lubien, P. Clopton et al., “Utility of
B-natriuretic peptide levels in identifying patients with left
ventricular systolic or diastolic dysfunction,” American Journal
of Medicine, vol. 111, no. 4, pp. 274-279, 2001.

Y. Sawada, M. Suda, H. Yokoyama et al., “Stretch-induced
hypertrophic growth of cardiocytes and processing of brain-
type natriuretic peptide are controlled by proprotein-
processing endoprotease furin,” Journal of Biological Chem-
istry, vol. 272, no. 33, pp. 20545-20554, 1997.

(11]

[12]

(14]

(21]

(22]

A. D. Struthers, “Prospects for using a blood sample in the
diagnosis of heart failure,” Monthly Journal of the Association
of Physicians, vol. 88, no. 5, pp. 303306, 1995.

R. W. Troughton, C. M. Frampton, T. G. Yandle, E. A. Espiner,
M. G. Nicholls, and A. M. Richards, “Treatment of heart fail-
ure guided by plasma aminoterminal brain natriuretic peptide
(N-BNP) concentrations,” The Lancet, vol. 355, no. 9210, pp.
1126-1130, 2000.

S. Talwar, A. Siebenhofer, B. Williams, and L. Ng, “Influence of
hypertension, left ventricular hypertrophy, and left ventricular
systolic dysfunction on plasma N terminal proBNP,” Heart,
vol. 83, no. 3, pp. 278-282, 2000.

K. Maeda, T. Tsutamoto, A. Wada, T. Hisanaga, and M. Kino-
shita, “Plasma brain natriuretic peptide as a biochemi-
cal marker of high left ventricular end-diastolic pressure
in patients with symptomatic left ventricular dysfunction,”
American Heart Journal, vol. 135, no. 5, pp. 825-832, 1998.

C. D. Thomson, S. M. Steven, A. M. Van Rij, C. R. Wade, and
M. E. Robinson, “Selenium and vitamin E supplementation:
activities of glutathione peroxidase in human tissues,” Amer-
ican Journal of Clinical Nutrition, vol. 48, no. 2, pp. 316-323,
1988.

Y. Saito, T. Hashimoto, M. Sasaki, S. Hanaoka, and K. Sugai,
“Effect of selenium deficiency on cardiac function of individ-
uals with severe disabilities under long-term tube feeding,”
Developmental Medicine and Child Neurology, vol. 40, no. 11,
pp. 743-748, 1998.

I. Ostadalova, M. Vobecky, Z. Chvojkova et al., “Selenium
protects the immature rat heart against ischemia/reperfusion
injury,” Molecular and Cellular Biochemistry, vol. 300, no. 1-2,
pp. 259-267, 2007.

C. Lei, X. Niu, MaX, and J. Wei, “Is selenium deficiency really
the cause of Keshan disease?” Environmental Geochemistry and
Health, vol. 33, no. 2, pp. 183-188, 2010.

T. O. Cheng, “Selenium deficiency and cardiomyopathy,” Jour-
nal of the Royal Society of Medicine, vol. 95, no. 4, pp. 219-220,
2002.

A. P. de Souza, L. A. Jelicks, H. B. Tanowitz et al., “The
benefits of using selenium in the treatment of Chagas disease:
prevention of right ventricle chamber dilatation and reversion
of Trypanosoma cruzi-induced acute and chronic cardiomy-
opathy in mice,” Memorias do Instituto Oswaldo Cruz, vol. 105,
no. 6, pp. 746751, 2010.

J. Hino, H. Tateyama, N. Minamino, K. Kangawa, and H.
Matsuo, “Isolation and identification of human brain natri-
uretic peptides in cardiac atrium,” Biochemical and Biophysical
Research Communications, vol. 167, no. 2, pp. 693-700, 1990.
K. Maeda, T. Tsutamoto, A. Wada, T. Hisanaga, and M. Kino-
shita, “Plasma brain natriuretic peptide as a biochemical
marker of high left ventricular end-diastolic pressure in



patients with symptomatic left ventricular dysfunction,”
American Heart Journal, vol. 135, no. 5, pp. 825-832, 1998.
M. S. Nieminen, M. Bohm, M. R. Cowie et al., “Executive
summary of the guidelines on the diagnosis and treatment of
acute heart failure: the task force on acute heart failure of the
European Society of Cardiology,” European Heart Journal, vol.
26, no. 4, Article ID 156815, pp. 384—416, 2005.

A. Lerman, R. J. Gibbons, R. J. Rodeheffer et al., “Circulating
N-terminal atrial natriuretic peptide as a marker for symp-
tomless left-ventricular dysfunction,” The Lancet, vol. 341, no.
8853, pp. 1105-1109, 1993.

G. Q. Yang, “The relationship between selenium and etiology
of Keshan disease,” Sheng li ke xue jin zhan, vol. 14, no. 4, pp.
313-317, 1983.

G. Q. Yang, J. S. Chen, Z. M. Wen et al., “The role of selenium
in Keshan disease,” Advances in Nutritional Research, vol. 6, pp.
203-231, 1984.

H. W. Yu, “A study of nutritional and bio-geochemical factors
in the occurrence and development of Keshan disease,” Japa-
nese Circulation Journal, vol. 46, no. 11, pp. 1201-1207, 1982.
P. L. Yu, “Keshan disease: an entity or not,” Human Pathlogy,
vol. 19, no. 7, p. 874, 1988.

M. S. Yang, H. W. Chan, and L. C. Yu, “Glutathione peroxidase
and glutathione reductase activities are partially responsible
for determining the susceptibility of cells to oxidative stress,”
Toxicology, vol. 226, no. 2-3, pp. 126-130, 2006.

A. G. Bergqvist, C. M. Chee, L. Lutchka, J. Rychik, and V. A.
Stallings, “Selenium deficiency associated with cardiomyopa-
thy: a complication of the ketogenic diet,” Epilepsia, vol. 44,
no. 4, pp. 618-620, 2003.

H. Korpela, J. Kumpulainen, E. Jussila et al., “Effect of sele-
nium supple—mentation after acute myocardial infarction,”
Research Communications in Chemical Pathology and Phar-
macology, vol. 65, pp. 249-252, 1989.

W. C. Reeves, S. P. Marcuard, S. E. Willis, and A. Movahed,
“Reversible cardiomyopathy due to selenium deficiency,” Jour-
nal of Parenteral and Enteral Nutrition, vol. 13, no. 6, pp. 663—
665, 1989.

Y. M. Kim, C. A. Bombeck, and T. R. Billiar, “Nitric oxide as a
bifunctional regulator of apoptosis,” Circulation Research, vol.
84, no. 3, pp. 253-256, 1999.

B. Turan, H. K. Saini, M. Zhang, D. Prajapati, V. Elimban, and
N. S. Dhalla, “Selenium improves cardiac function by atten-
uating the activation of NF-«B due to ischemia-reperfusion
injury,” Antioxidants and Redox Signaling, vol. 7, no. 9-10, pp.
1388-1397, 2005.

J. Hino, H. Tateyama, N. Minamino, K. Kangawa, and H.
Matsuo, “Isolation and identification of human brain natri-
uretic peptides in cardiac atrium,” Biochemical and Biophysical
Research Communications, vol. 167, no. 2, pp. 693-700, 1990.
Y. Saito, T. Hashimoto, M. Sasaki, S. Hanaoka, and K. Sugai,
“Effect of selenium deficiency on cardiac function of individ-
uals with severe disabilities under long-term tube feeding,”
Developmental Medicine and Child Neurology, vol. 40, no. 11,
pp. 743-748, 1998.

P. Krishnaswamy, E. Lubien, P. Clopton et al., “Utility of
B-natriuretic peptide levels in identifying patients with left
ventricular systolic or diastolic dysfunction,” American Journal
of Medicine, vol. 111, no. 4, pp. 274-279, 2001.

K. Maeda, T. Tsutamoto, A. Wada, T. Hisanaga, and M.
Kinoshita, “Plasma brain natriuretic peptide as a biochemical
marker of high left ventricular end-diastolic pressure in pa-
tients with symptomatic left ventricular dysfunction,” Ameri-
can Heart Journal, vol. 135, no. 5, pp. 825-832, 1998.

Journal of Oncology



	Introduction
	Patients and Methods 
	Statistical Analysis
	Results 
	Discussion
	Acknowledgment
	References

