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Aim: We  aimed to evaluate impact of spironolactone (S) on cardiovascular toxicity of con-

comitant use of radiotherapy (RT) and trastuzumab (T).

Background: S, an aldosterone receptor antagonist, is known to ameliorate the cardiac dam-

age.  S ameliorates anthracycline -induced cardiotoxicity, there is no data regarding to effect

of  S on both T and radiation-induced cardiotoxicity.

Materials/Methods: Eighty rats were divided into eight groups: group (G) 1 was defined as

control group. G2, G3 and G4 were RT, S and T groups respectively. G5, G6, G7 and G8 were

RT  + T, T + S, RT + S and RT + T + S groups respectively. Rats were sacrificed at 6th hour; 21st

and 100th days after RT. Heart and thoracic aorta samples were taken for microscopical

examination.

Results: Cardiac inflammation and fibrosis scores and; TGF-� expression were not signifi-

cantly different within study groups at 6th hour and 21st days of RT. By 100th days of RT

fibrosis scores and TGF-� expression in cardiac samples were significantly different between
es were 0.004 and 0.002 respectively). Pair-wise comparisons revealed
study groups (p valu
that  both cardiac fibrosis scores and TGF-� expression levels were higher in G5 when com-

pared to G8 (p values were 0.046 and 0.028 respectively). Moreover the TGF-� expression was

higher in G5 when compared to G2 (p = 0.046). We could not demonstrate any significant

differences with respect to inflammation, fibrosis and TGF-� expression in thoracic aorta

samples between study groups.
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Conclusions: Although S had a protective effect on cardiac tissue it had no protective effect

on  thoracic aorta when administered with RT + T.
©  2017 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.

spironolactone would be able to ameliorate the cardiac toxicity
1.  Background

Fifteen percent to 25% of breast cancers express human epi-
dermal growth factor II (HER2) amplification.1 Trastuzumab is
a recombinant DNA-derived monoclonal antibody that selec-
tively binds to the extracellular domain of the HER2 protein
in breast cancer cells.2,3 Trastuzumab therapy is important
in the treatment of both early and advanced disease. Five
randomized controlled trials have addressed the addition of
adjuvant Trastuzumab to chemotherapy in node-positive and
high-risk node-negative patients with HER2 overexpression
and showed a survival advantage with Trastuzumab.4–8 Its use,
however, results in a small to modest risk for cardiotoxicity,
which is typically manifested by an asymptomatic decrease
in left ventricular ejection fraction and less often by clinical
heart failure.9–11 The rate of cardiac dysfunction with use of
Trastuzumab varied from 1 to 27% in different arms of these
trials.12

Although the heart was initially thought to be relatively
radio-resistant, cardiovascular disease resulting from chest
radiotherapy (RT) for therapeutic purposes is now clearly rec-
ognized. The majority of the radiation-induced cardiovascular
disease has been reported in patients who previously treated
with thoracic RT for Hodgkin’s disease and breast cancer. Esti-
mated relative risk of fatal cardiovascular events after RT for
Hodgkin’s disease and left-sided breast cancer range between
2.2 and 7.2 and 1.0 to 2.2, respectively, compared to healthy
controls.13

Numerous studies of radiation induced toxicity show that
endothelial cell injury is the key point in most tissues even
though the endothelial cells compromise only a minor fraction
of cardiac cells.14–17 The sequence of endothelial injury, cell
detachment, thrombosis and fibrosis result in significant tis-
sue injury that often limits radiation oncologist in attempting
to deliver curative doses to a nearby tumor. Steward and
Fajardo have demonstrated that damage to the myocardium
develops through three phases of injury.13,18 The acute inflam-
mation phase occurs about 6 h after RT and a neutrophilic
infiltrate develops involving all layers of heart. The second
phase also known as latent phase in which a slight pro-
gressive fibrosis begins about 2 days after exposure. However
electron microscopy of the myocardial capillary endothelial
cells demonstrates progressive damage leading to obstruc-
tion of the lumen and thrombi of fibrin and platelets. Though
healthy endothelial cell replication in the vicinity occurred,
it is generally inadequate and an inevitable ischemia leads
to progressive fibrosis. Animals begin to die at approximately

70th day due to extensive fibrosis. The hallmark of this late
stage is extensive fibrosis (Figs. 1 and 2).

For patients with breast cancers that overexpress the
HER2 receptor, both RT and Trastuzumab take place in the
treatment. In the clinical practice RT and Trastuzumab may be
used either concomitantly or sequentially. The risk of toxicity
of combined Trastuzumab and RT on cardiovascular struc-
tures has not yet been evaluated in detail. There is conflicting
data with respect to the cardiac toxicity profile of using
concomitant RT and Trastuzumab. Preclinical in vitro and
in vivo studies have shown that the cascade of events through
the HER2 receptor is involved in tumor radiosensibility,19,20

application of Trastuzumab concurrently with radiation thus
increases the antitumor effect of radiation. There are same
clinical evidences in the literature that Trastuzumab also
radiosensibilizes human healthy tissues and in this way it
could increase the toxicity of the treatment.21 Currently the
most important question remains whether the concomitant
therapy with Trastuzumab and RT increases cardiotoxicity of
the treatment. In the literature, there are limited data about
the safety of concomitant therapy with RT and Trastuzumab.19

In an experimental study, it was shown that when combined
with high dose RT, and Trastuzumab may lead severe vascular
damage.22

The use of antagonists of the mineralocorticoid recep-
tor (MR) in the treatment of myocardial hypertrophy and
heart failure has gained increasing importance in the last
years. Steroids, including aldosterone, are able to interact
with peptide hormone signaling. The epidermal growth fac-
tor (EGF) and its receptor (EGFR) represent one of these signals
involving aldosterone. Pathophysiologically, an interaction
between Aldosterone/MR and the EGFR signaling pathway
was  demonstrated by an up-regulation of EGF-induced arterial
contraction mediated by mineralocorticoids and a reduction
of cerebrovascular remodeling process after ischemia by MR
inhibition concomitant decrease in EGFR-mRNA.23,24 Addi-
tionally, the cardioprotective mechanism of Spironolactone
was associated with the EGFR22 and inhibition of Aldos-
terone synthase was shown to ameliorate angiotensin (ang)-II
induced end-organ damage, thus highlighting the significance
of aldosterone and the EGFR for general pathophysiology in
renocardiovascular system.25 The underlying mechanism for
the genomic interactions seems to be a stimulation of the EGFR
promoter by Aldosterone-bound MR, which then leads to dose-
dependently enhanced EGFR proteins that can be inhibited by
Spironolactone.26

2.  Aim

In the current study we aimed to evaluate whether the use of
induced by concomitant Trastuzumab and RT. Our second aim
was to determine cardiotoxicity profile of using Trastuzumab
and RT concomitantly.

dx.doi.org/10.1016/j.rpor.2017.01.004


reports of practical oncology and radiotherapy 2 2 ( 2 0 1 7 ) 295–302 297

Fig. 1 – Heart sample of concomitant RT + T group (a); and RT + T + S (b) group at 100th day of RT. a: Heart sample of RT + T
group at 100th day of RT. There was very extensive subendocardial fibrosis (Masson trichrome staining: ×200). b: Heart
sample of RT + T + S group at 100th day of RT. There was moderate subendocardial fibrosis (Masson trichrome staining:
×
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Table 1 – Study groups.

Group (G)

G1 Sham-irradiated control group
G2 Radiotherapy control group
G3 Spironolactone control group
G4 Trastuzumab control group
G5 Radiotherapy + Trastuzumab group
G6 Spironolactone + Trastuzumab group

F
d
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.  Methods  and  materials

.1.  Study  design

his study included 80 female Wistar–Albino rats (250–300 g);
he use of which was approved by the Necmettin Erbakan
niversity Ethical Committee. Animals were housed 4 per
age in a controlled animal holding room with a 12/12-
our light/dark cycle; temperature and relative humidity
ere continually monitored to provide standard labora-

ory conditions. Rats were divided into 8 groups (G)

omposed of 10 animals. Group (G) 1 was defined as
ontrol group. G2, G3 and G4 were RT, Spironolactone
nd Trastuzumab groups respectively. G5, G6, G7 and

ig. 2 – TGF-� positivity in the samples taken from the cardiac ti
ays of RT (TGF-�X200). a There was severe immunohistochemic
issue at 100th days of RT + T (TGF-�X200). b There was moderate
aken from the cardiac tissue at 100th days of RT + T + S (TGF-�X2
G7 Radiotherapy + Spironolactone group
G8 Radiotherapy + Trastuzumab + Spironolacton group

G8 were RT + Trastuzumab, Trastuzumab + Spironolactone,

RT + Spironolactone and RT + Trastuzumab + Spironolactone
groups respectively (Table 1). RT was applied under gen-
eral anesthesia with intraperitoneally administered 90 mg/kg

ssues of RT + T group (a); and RT + T + S group (b) at 100th
al TGF-� positivity in the samples taken from the cardiac

 immunohistochemical TGF-� positivity in the samples
00).
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ketamine hydrochloride and 10 mg/kg xylazine. A single
dose of 15 Gy was applied to the mediastinum. Trastuzumab
(6 mg/kg) was administered intraperitoneally and Spironolac-
tone (80 mg/kg) was administered by oral gavage. Rats were
sacrificed via cervical dislocation at 6th hour, 21st day and
100th day after RT and the heart and thoracic aorta samples
were taken for microscopical examination.

3.2.  Radiotherapy  protocol

RT was applied under general anesthesia with intraperi-
toneally administered 90 mg/kg ketamine hydrochloride
(Ketalar

®
, EWL  Eczacibasi Warner Lambert Ilaç Sanayi

ve Ticaret A.S., Istanbul, Turkey) and 10 mg/kg xylazine
(Rompun

®
2%, Bayer Kimya San. Ltd. Sti., Istanbul, Turkey).

A single dose of 15 Gy that has been shown to lead cardio-
vascular toxicity with 6 MV  photon beams was applied via a
single anterior field to 2 cm depth with SAD (source-axis dis-
tance) technique.19 One cm elasto-gel bolus was used to build
up the radiation dose on the heart and the thoracic aorta; and
to provide contour regularity. The field size was 4 × 4 cm and
included the heart and the thoracic aorta.

3.3.  Trastuzumab  protocol

Trastuzumab (Herceptin
®

; Genentech Inc, South San
Francisco, CA, USA) dose which was equivalent to 6 mg/kg
adult dose was calculated for each rat and injected i.p. 2 h
before the RT. The rats in G4, G6 and G8 were applied 0.5 cc
0.9% NaCl i.p.

3.4.  Spironolactone  protocol

Spironolactone (Aldakton-A
®

, Ali Raif İlaç San. A.Ş ., İstanbul,
Turkey) dose which was equivalent to 80 mg/kg adult dose was
calculated for each rat and was administered by oral gavage.
Spironolactone administration was started a week before RT
and continued until the animals sacrificed.

3.5.  Light  microscopy

The heart and thoracic aorta samples were excised and fixed
in 10% formaldehyde solution and embedded in paraffin. Four
� thick sections were obtained with microtome for light micro-
scopic examination. The slides obtained were stained with
hematoxylen and eosin (H&E) to evaluate the inflammation,
and with histochemical Masson Trichrome staining to iden-
tify the cardiac fibrosis. Additionally transforming growth
factor-beta (TGF-�)  expressions were investigated immuno-
histochemically. As a quantitive end point, extend of the
radiation-induced fibrosis and TGF-� expressions were graded
on a scale of 0 (normal heart-normal aorta) to 3 (severe). The
pathologist was not aware of the treatment groups at the time

of the histological examination of the specimens. After exam-
ining the whole sections for each rat, the average value was
taken as the fibrosis and TGF-� expression scores and mean
values of the groups were calculated.
iotherapy 2 2 ( 2 0 1 7 ) 295–302

3.6.  Statistical  analysis

The Statistical Package for Social Sciences (SPSS) v. 15.0
was used for statistical analyses. As the pathological scores
were ordinal in nature, the differences in pathological find-
ings between the study groups were analyzed using the
Kruskal–Wallis test. When an overall statistically significant
difference was observed, pairwise comparisons were per-
formed using the Mann–Whitney U test. Bonferroni correction
was used for multiple comparisons. A 5% type I error level was
used for the statistical significance cutoff for overall compar-
isons.

4.  Results

4.1.  6th  hour  findings

At 6th hour of RT; cardiac inflammation, cardiac fibrosis and
TGF-� scores were not significantly different within the study
groups (p values were 0.338, > 0.99 and >0.99 respectively). The
samples taken from RT groups (G2, G5, G7 and G8) had minimal
inflammation; however we  did not observe any fibrosis or TGF-
� expression even in RT groups.

We could not demonstrate any significant differences with
respect to the inflammation, fibrosis and TGF-� expression in
the thoracic aorta samples between the study groups at 6th
hour of RT.

4.2.  21st  day  findings

At 21st day of RT; cardiac inflammation, cardiac fibrosis and
TGF-� scores were not significantly different with in the study
groups (P values were; 0.264, 0.761 and 0.761 respectively). The
samples taken from RT groups (G2, G5, G7 and G8) showed
minimal fibrosis. In parallel to this finding the TGF-� expres-
sions of the RT groups were also minimally positive. However
this positivity did not reach to the statistically significant level.

We could not demonstrate any significant differences with
respect to the inflammation, fibrosis and TGF-� expression in
the thoracic aorta samples between the study groups.

4.3.  100th  day  findings

By 100th days of RT the fibrosis scores and TGF-� expression
in the cardiac samples were significantly different between
the study groups (p values were 0.004 and 0.002 respectively)
(Tables 2 and 3). Pair-wise comparisons revealed that both the
cardiac fibrosis scores and TGF-� expression levels were higher
in G5 when compared to G8 (p values were 0.046 and 0.028
respectively) (Tables 4 and 5). Moreover the TGF-� expression
was higher in G5 when compared to G2 (p = 0.046).

We could not demonstrate any significant differences with
respect to the inflammation, fibrosis and TGF-� expression in
the thoracic aorta samples between the study groups.
5.  Discussion

Adjuvant therapies for the treatment of breast cancer includ-
ing RT, chemotherapy (CT), targeted therapy, and hormonal

dx.doi.org/10.1016/j.rpor.2017.01.004
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Table 2 – Fibrosis scores of the samples taken from cardiac tissue 100 days after radiotherapy.

Group (G) Mean Median Minimum Maximum P

G1 0 0 0 0 0.004
G2 1.50 1.50 1 2
G3 0 0 0 0
G4 0.50 0.50 0 1
G5 2.50 2.50 2 3
G6 0.50 1 0.5 1
G7 1 1 1 1
G8 1.25 1 1 2

Table 3 – TGF-� expression levels in the cardiac samples 100 days after radiotherapy.

Group (G) Mean Median Minimum Maximum P

G1 0 0 0 0 0.002
G2 1.25 1 1 2
G3 0 0 0 0
G4 1 1 1 1
G5 2.50 2.50 2 3
G6 1 1 1 1
G7 1 1 1 1
G8 1 1 

TGF-�,  transforming growth factor beta.

Table 4 – Pair-wise comparison of the study groups with
respect to the cardiac fibrosis scores 100 days after
radiotherapy.

Group 1 Group 2 P

G1 G2 0.025
G1 G6 0.046
G1 G8 0.022
G2 G3 0.004
G3 G5 0.009
G3 G6 0.008
G3 G8 0.003
G5 G8 0.046

Table 5 – Pair-wise comparison of the study groups with
respect to the TGF-� expression levels in the cardiac
samples 100 days after radiotherapy.

Group 1 Group 2 P

G1 G2 0.022
G1 G4 0.046
G1 G6 0.046
G1 G8 0.014
G2 G3 0.003
G2 G5 0.046
G3 G4 0.008
G3 G5 0.009
G3 G6 0.008
G3 G8 0.003

t
i
i
t
o
r
c
c

there is no data regarding to effect of Spironolactone on
G5 G8 0.028

TGF-�,  transforming growth factor beta.

reatment significantly decrease the risk of recurrence and
ncrease the survival. However, cardiovascular problems
ncluding treatment complications caused by many  of these
reatment modalities are responsible for most common cause

27
f non-cancer mortality in breast cancer survivors. HER2
eceptor tyrosine kinase is known to have a critical role in
ardiac development and growth, repair and survival of adult
ardiomyocytes. HER2 overexpression is reported to be around
1 1

15–25% of all breast cancer patients and this overexpression
was shown to decrease overall and disease free survival rates
in addition to diminish the response to variety of chemothera-
peutic and hormonal agents.28–32 Trastuzumab, a humanized
monoclonal antibody that specifically targets HER2 positive
breast cancer cells has been shown to increase survival
rates both in patients with metastatic and early stage breast
cancer.33–38 The cardiotoxic effect of Trastuzumab especially
when used with antracyclin chemotherapy has been well
known, though the mechanism is not yet fully understood.39

Preclinical studies indicate that the direct blockade of the
HER2 receptor on myocytes has at least partially an important
impact on the cardiotoxicity of Trastuzumab.40 RT on the other
hand causes multiple effects on the heart as acute, subacute
and chronic pericarditis, coronary vascular disease, valvular
heart disease and restrictive cardiomyopathy.41 Radiation-
induced heart disease is believed to be resulted from injury
to microvasculature network and subsequent ischemia.40

On the other hand Spironolactone, an Aldosterone receptor
antagonist, has a cardioprotective effect. The cardioprotective
mechanism of Spironolactone was associated with the EGFR42

and inhibition of Aldosterone synthase was shown to ame-
liorate angiotensin (ang)-II induced end-organ damage, thus
highlighting the significance of aldosterone and the EGFR for
general pathophysiology in renocardiovascular system.43 The
underlying mechanism for the genomic interactions seems
to be a stimulation of the EGFR promoter by Aldosterone-
bound MR, which then leads to dose-dependently enhanced
EGFR proteins that can be inhibited by Spironolactone.44

Therefore Spironolactone reverses cardiac hypertrophy and
excessive extracellular matrix formation. Although it has been
demonstrated that Spironolactone ameliorates anthracycline
-induced cardiotoxicity in preclinical45 and clinical studies,46
both Trastuzumab and radiation-induced cardiotoxicity. In the
present study we demonstrated that, Spironolactone had a
protective effect on cardiotoxicity that is caused by the use of

dx.doi.org/10.1016/j.rpor.2017.01.004
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concomitant Trastuzumab and RT. The protective effect was
observed with long-term use, and we  could not demonstrate
such effect on thoracic aorta.

The renin-angiotensin-aldosterone system (RAAS) is the
most effective system in the remodeling of the myocardium.
The RAAS facilitates cardiac oxidative damage and it has been
proved in various studies that the remodeling process after
this damage may be improved via blockage of this system.46,47

The first major trial to assess the use of an aldosterone
antagonist in patients with left ventricular dysfunction, the
Randomized Aldactone Evaluation Study (RALES), assessed
the effect of Spironolactone compared with placebo among
optimally managed heart failure patients.48 In the RALES
study it had been demonstrated that the administration
of 25 mg/day Spironolactone in addition the routine treat-
ment improved cardiac fibrosis and remodeling. Mortality was
reduced by 30% in patients treated with Spironolactone. In
the EPHESUS study, which is double-blind, placebo-controlled
study, it was demonstrated that the use of an aldosterone
antagonist on the third to fourth days after acute myocar-
dial infarction in patients with left ventricular dysfunction
who  were already receiving standard therapy,49 led to a 15%
reduction in overall mortality, 17% reduction in cardiovascu-
lar deaths and a %23 reduction in heart failure in patients
treated with aldosterone antagonist. The mechanism of aldos-
terone antagonism on cardiac injury may be explained via
(i) remodeling after myocardial damage due to antifibrotic
effect; (ii) lowering oxidative stress which is also known as
antifibrotic effect; and (iii) preventing apoptosis.46 By the
light of these findings Akpek and colleagues investigated the
protective effect of Spironolactone in patients with breast
cancer who  received antracycline.46 Their results suggested
that Spironolactone, when given simultaneously with anthra-
cycline group chemotherapeutics protects both myocardial
systolic and diastolic functions. This finding was verified in
a preclinical study by Liu and colleagues.45

Radiation-induced cardiac disease is an underdiagnosed
but potentially lethal side effect of RT.13,50 The manifes-
tations of radiation-induced cardiac disease may include
acute/chronic pericarditis, accelerated atherosclerosis, con-
duction abnormalities, valvular changes, and, notably, peri-
cardial and myocardial fibrosis. The symptoms and signs of
radiation-induced cardiac disease are, for the most part, indis-
tinguishable from those encountered in patients with heart
disease of other etiologies.50 As is explained above, RAAS
plays a vital important role in cardiovascular diseases, such as
atherosclerosis, vascular and cardiac remodeling (tissue repair
and remodeling by regulation of cell growth and matrix syn-
thesis), and cardiac fibrosis including proliferation of cardiac
myocytes and fibroblasts and intense perivascular inflam-
mation. The pathophysiology of radiation-induced cardiac
disease is similar to those cardiovascular diseases induced by
angiotensin–aldosterone.50,51 Since angiotensin–aldosterone
is involved in the process of almost all kinds of cardio-
vascular diseases, in the current study, we investigated
whether Spironolactone ameliorate cardiovascular injury that

is caused by RT and Trastuzumab or not. Although the cardiac
mean fibrosis scores of RT control and RT + Spironolactone
groups were 1.50 and 1 respectively; this difference did
not reach statistically significant level. Therefore our results
iotherapy 2 2 ( 2 0 1 7 ) 295–302

suggested that when RT or trastuzumab used alone Spirono-
lactone did not reverse cardiovascular injury.

Cardiac cells do not divide after birth, but they often
become “innocent bystander” targets of anticancer drugs
designed to interfere with cell signaling pathways.52,53

Trastuzumab is a recent addition to the anticancer armamen-
tarium that improves survival rate in women with metastatic
breast cancer; however, it causes heart failure, particularly
when used in combination with anthracyclines.54 The mech-
anism of trastuzumab-induced cardiac toxicity has not been
understood yet; however there is strong evidence indicating
the importance of the EGF signaling system in the normal
heart and suggests that Trastuzumab cardiotoxicity is directly
related to HER2 blockade. The ErbB2 gene belongs to a fam-
ily of EGFRs (EGFR, HER2, HER3 and HER4) that regulate many
essential cell type-specific functions, particularly cell growth,
proliferation and survival.55 ErbB2 is thought to participate
in an important pathway for growth, repair, and survival of
adult cardiomyocytes.55,56 On the other hand Spironolactone,
an Aldosterone receptor antagonist, has a cardioprotective
effect. The cardioprotective mechanism of Spironolactone
was associated with the EGFR25 and inhibition of Aldos-
terone synthase was shown to ameliorate angiotensin (ang)-II
induced end-organ damage, thus highlighting the significance
of aldosterone and the EGFR for general pathophysiology
in renocardiovascular system.26 As the mechanisms of both
spironolactone and trastuzumab on cardiac tissue use the
same receptors, we  thought that spironolactone would be able
to ameliorate Trastuzumab- induced cardiac toxicity via inhi-
bition of transactivation of the EGFR by aldosterone. However
we could not demonstrate the positive effect of Spironolactone
on Trastuzumab-induced cardiac toxicity in the present study.
On the other hand when Trastuzumab used with concomi-
tant RT, we  observed that Spironolactone ameliorated cardiac
injury by reducing the cardiac fibrosis and TGF-� expressions
in the cardiac tissue.

The risk of toxicity of combined Trastuzumab and RT
on cardiovascular structures has not yet been evaluated in
detail. However there are same clinical evidences in the lit-
erature that Trastuzumab radiosensibilizes human healthy
tissues and in this way it could increase the toxicity of the
treatment.21 Currently the most important question remains
whether the concomitant therapy with Trastuzumab and RT
increases cardiotoxicity of the treatment. In the literature,
there are limited data about the safety of concomitant ther-
apy with RT and Trastuzumab.19 The observation period in the
studies was short, the longest reported median observation
period after the completion of concomitant treatment with
RT and Trastuzumab was 3.7 years.8 Therefore currently there
is no evidence that such therapy is safe after a long observa-
tion period.19 In our previous study, we have demonstrated
that when combined with high dose RT, Trastuzumab may
lead severe vascular damage.22 In the present study we  also
evaluated the impact of Trastuzumab on radiation-induced
cardiovascular toxicity. Our results suggested that when used
with concomitant Trastuzumab, radiation-induced cardiac

toxicity may increase since we  observed a significant differ-
ence between RT control group and RT + Trastuzumab group
with respect to TGF-� expression levels. Additionally Spirono-
lactone ameliorated the cardiac toxicity that was caused by

dx.doi.org/10.1016/j.rpor.2017.01.004
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oncomitant Trastuzumab and RT; although it had no such
ffect when these agents used alone.

Our study has some limitations that should be mentioned
s well. First of all, we could not demonstrate any signifi-
ant differences with respect to the thoracic aorta samples.
e  used light microscopy instead of electron microscopy
hich was a limitation of our study. We  think that electron
icroscopy may further enlighten the possible interaction of

T and Trastuzumab in this regard. Secondly, this study is an
xperimental study; therefore our results should be clarified
ith clinical studies.

In conclusion, our results suggested that Spironolactone
ay improve the cardiotoxicity that is induced by RT and

rastuzumab; however it does not have such effect on thoracic
orta. This finding should be clarified with further clinical
tudies.
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