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ABSTRACT

Objectives. The objective of this study was to evaluate the
effect of tamoxifen on blood markers that are associated
with cardiovascular risk, such as C-reactive protein
(CRP), apolipoprotein A-1 (Apo-A), and apolipoprotein
B-100 (Apo-B), in women undergoing chemotherapy for
breast cancer.

Methods. Over a period of 12 months, we followed 60
women with breast cancer. The women were divided into
the following groups: a group that received only chemo-
therapy (n = 23), a group that received chemotherapy
plus tamoxifen (n = 21), and a group that received only
tamoxifen (n = 16). Plasma CRP levels were assessed at
0, 3, 6, and 12 months, and Apo-A and Apo B levels as
well as the Apo-B/Apo-A ratio were assessed at (0 and 12
months.

Results. We found increases in the plasma concentration
of CRP in the chemotherapy alone and chemotherapy plus ta-
moxifen groups after 3 and 6 months of treatment (before the
introduction of tamoxifen). However, after 12 months of
treatment, women who used tamoxifen (the chemotherapy
plus tamoxifen and tamoxifen alone groups) showed a signif-
icant reduction in CRP and Apo-B levels and a decrease in the
Apo-B/Apo-A ratio. A significant increase in serum Apo-A
levels was observed in the group receiving chemotherapy
alone as a treatment for breast cancer.

Conclusion. The use of tamoxifen after chemotherapy
for the treatment of breast cancer significantly reduces the
levels of cardiovascular disease risk markers (CRP, Apo-B,
and the Apo-B/Apo-A ratio). The Oncologist 2012;17:
499-507

INTRODUCTION

The occurrence of different types of cancer and cardiovas-
cular disease (CVD) has been closely associated with an in-
crease in the levels of molecules related to chronic
inflammatory processes [1]. C-reactive protein (CRP) is an
acute-phase protein that is secreted by hepatocytes in re-
sponse to cytokines, including interleukin (IL)-1, IL-6, and
tumor necrosis factor (TNF)-a. These cytokines are consid-
ered to be important ischemic markers of inflammation [2].
Leukocytes and monocytes stimulate the production of IL-1
and IL-6 and provide a proangiogenic and protumor mi-

croenvironment for tumor growth [3]. The regular use of an-
ti-inflammatory drugs reduces the occurrence of breast
cancer by decreasing disease progression [4]. Elevated lev-
els of CRP have been found in patients with breast cancer
after radiation therapy [S5] and chemotherapy [6]. With re-
gard to the cardiovascular system, several studies have
shown a strong correlation between high blood CRP level
and CVD [7, 8]. In acute coronary syndrome, high CRP lev-
els have been found in the coronary sinus, suggesting the
presence of CRP in cardiac tissue [9]. Postmenopausal
women have an elevated risk for coronary heart disease and
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Figure 1. Group division: women who received chemotherapy treatment for 6 months, women who received chemotherapy for 6
months followed by an additional 6 months of tamoxifen, and women who received tamoxifen for 12 months.
Abbreviations: Apo-A, apolipoprotein A-1; APO-B, apolipoprotein B-100 ; CRP, C-reactive protein; T, time.

atherosclerotic events resulting from reduced estrogen lev- MATERIALS AND METHODS
els and loss of the cardioprotective action of estrogen [10, Study Patients

H]. These'car('hovascular comph(?atlons aren p'art a_ r'esult This study was conducted by the Laboratory of Neurohumoral
of the deprivation of estrogen and its subsequent inability to R . . - .

. . egulation of Circulation of the postgraduate program in phys-
signal thrO}lgh 1ts r.ece.ptors (.estr(.)gen rece.:ptor [ER]-a a.nd iological sciences at the Federal University of Espirito Santo,
ER-f), which are distributed in different tissues and are in- Brazil. The study was conducted between February 2008 and
volved in cellular regulation, proliferation, and differentia- December 2010 in women with a confirmed history of breast
tion. ER signaling also mediates physiological effects on cancer and who were undergoing chemotherapy and/or hor-
the cardiovascular system by releasing nitric oxide, prosta- mone therapy with tamoxifen. For inclusion in the study, pa-
cyclins, and endothelium-derived hyperpolarizing factor tients aged 40—60 years with early-stage breast cancer without
[12]. Inversely, estrogen has the ability to enhance the effects ~ metastasis were selected. Selected patients were clinically

of breast cancer by inducing the growth of breast tissue, monitored by the same oncologist to ensure that there was no
thereby increasing the potential for genetic changes and tumor difference among the types of treatment. All women agreed to
development [13, 14]. Therefore, in addition to the use of con- participate in the study by signing the Free and Informed Con-
ventional chemotherapy and radiotherapy in the treatment of sent Form. Women who were smokers, who suffered from hy-
estrogen-dependent breast cancers, hormone therapy with ta- pertension, who had diabetes or pre-established CVD, and who
moxifen may be included in the treatment regimen. Tamox- had a CRP level >2 mg/dL in the initial laboratory test were
ifen, a selective modulator of ER, acts as an estrogen excluded from the study. This study was previously reviewed
antagonist in breast tissue [15] and an agonist in other tissues, and approved by the Human Research Ethics Committee under

such as in the cardiovascular system [16]. Tamoxifen is known ~ registration number 23/2008.

to be cardioprotective by reducing blood levels of total choles-

terol, low density lipoproteins (LDLs) [10, 17], and CRP in Study Protocol

healthy women [18] and in women with estrogen-dependent At the beginning and the end of the study, blood pressure (BP),
breast cancers [19]. It has been observed that the use of tamox- heart rate (HR) (Omron, Tokyo, Japan, HEM, 742, automatic),
ifen also increases apolipoprotein A-1 (Apo-A) and reduces and body weight and height (Welmy® scale, Sio Paulo, Brazil,
apolipoprotein B-100 (Apo-B) levels; these markers are con-  With readings of 0.1 kg and 0.5 cm, respectively) were mea-
sidered to be more reliable markers of CVD risk than high den- ~ SUred-

sity lipoprotein (HDL) and LDL cholesterol levels [20]. Blood samples were taken after 0 (TQ)’ 3, (T3), 6 (T6), and
Although treatment with tamoxifen has shown beneficial ef- 12(T12) ,H,IOI_lthS of treatment for determmz?tlon of serum C_RP
fects on the cardiovascular system, studies have also shown levels. Imtlatl(?n of tr.eatment (TO) was considered as the period
that the use of chemotherapy drugs, especially those from the gi:tlzgino;h}fog:f;:iilsefafpl})/rezsstsg:;zz;fsngftgzsffaifdciztcg
anthracycline family, have cardiotoxic effects [21] in the short -

. } levels were made at TO and T12. The groups were divided as fol-
and long term [21, 22] and can contribute to an elevated risk for . ) .
VD lows (Fig. 1): (a) women who received chemotherapy treatment

for 6 months (n = 23), (b) women who received chemotherapy

The objective of this study was to evaluate whether ornot  for 6 months followed by an additional 6 months of tamoxifen
hormone therapy with tamoxifen could modify the plasma (n = 21), and (c) women who received tamoxifen only for 12
concentrations of important CVD markers (CRP, Apo-A, and months (n = 16). The daily doses of tamoxifen were 20 mg (ta-
Apo-B) in women undergoing chemotherapy. moxifen hydrochloride, 1 mg/kg, Sanofi-Aventis, Paris, France).
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Table 1. Participant characteristics
Chemotherapy  Chemotherapy + tamoxifen = Tamoxifen

Characteristic (n = 23) (n =21) (n = 16)
Age (SD), yrs

TO 48 £ 7 47 =7 49 + 4
Body mass index (SD), kg/m?

TO 26.8 £4.28 25.7 £3.43 254 £2.26

T12 25.6 £ 4.17 25.8 £39 26.9 = 3.13
Mean arterial pressure (SD), mmHg

TO 92 £6 94 = 93 £9

T12 93 £ 10 91 £ 91 £6
Heart rate (SD), bpm

TO 74 =5 73 £4 72 £ 4

T12 73 £ 4 72 £4 73 £5
Primary tumor size, n

<2 cm 17 15 11

2-5cm 4

>5cm 2 2 3
Type of surgery, n

Breast-conserving surgery 17 17 14

Mastectomy 6 4 2

Oophorectomy - - 1

Hysterectomy 2 3 -
Menopausal, n 18 16 15
Radiotherapy, n

30 sessions 23 21 -
Chemotherapy, n

5 sessions 20 19 -

6 sessions 02 01 -

7 sessions 01 01 -
Type of chemotherapy, n

Doxorubicin + cyclophosphamide 23 21 -

Doxorubicin + cyclophosphamide + 5-fluorouracil - 01 -

Paclitaxel 02 01 -
Chemotherapy drug doses: doxorubicin, 50—60 mg/m?; cyclophosphamide, 500—600 mg/m?; 5-fluorouracil, 500—600 mg/m?*;
paclitaxel, 175 mg/m>.
Abbreviations: SD, standard deviation; T, time.

The types and amounts of chemotherapy drugs used and the
amounts of radiation are shown in Table 1.

Biochemical Analysis

All samples included in the first biochemical analysis (T0)
were from patients who had not received any treatment for
breast cancer or other cancers. Blood collection was performed
after 12 hours of fasting and consisted of the withdrawal of 20
ml of antecubital venous blood using Vacutainer™ tubes (Bec-
ton Dickinson, Franklin Lakes, NJ). Plasma separation was
conducted by centrifugation for 10 minutes at 4,000 rpm at
4°C. Detection of plasma levels of CRP, Apo-A, and Apo-B
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was performed using hypersensitive immunonephelometry.
CRP levels <2 mg/dL [23], Apo-B levels <90 mg/dL [24],
and Apo-B/Apo-A ratios <0.7 mg/dL [25] were considered
normal.

Mean Arterial Pressure and Body Mass Index

After measuring BP at TO and T12, the mean arterial pres-
sure (MAP) was calculated using the formula, MAP = (sys-
tolic blood pressure + 2 X diastolic blood pressure)/3.
Body mass was also assessed at TO and T12 using the body
mass index (BMI), which was calculated as weight (kg) X
height (m™?).
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Figure 2. Plasma concentrations of C-reactive protein (CRP) in the groups treated with chemotherapy alone (A), chemotherapy fol-

lowed by tamoxifen (B), and tamoxifen alone (C).
*p < .01 compared with the beginning (TO).
#p < .01 compared with the third month (T3).
+p < .01 compared with the sixth month (T6).

Statistical Analysis

To assess differences between chemotherapy and hormone
therapy in patients with breast cancer, we used a one-way anal-
ysis of variance followed by a Bonferroni test (post hoc) to
compare means. Statistical significance was considered at p <
.05. Data are expressed as the mean * standard deviation.

RESULTS

Characteristics of Patients

The data for the study participants are described in Table 1.
Among all the women evaluated within the 12-month period,
two in the chemotherapy alone group died as a result of mul-
tiple organ failure caused by metastasis. The average age was
48 * 6 years and the average BMI was 26 + 3.7 kg/m?; the
average age and BMI were equivalent among the groups. With
regard to tumor size, 43 women (72%) had tumors <2 cm, 10
(17%) had tumors 2—5 cm, and only four (11%) had tumors >5
cm. The predominant chemotherapy regimen was five sessions
(65%), and the chemotherapy drugs most frequently used were
a combination of doxorubicin (50—60 mg/m?) and cyclophos-
phamide (500—600 mg/m?) (73%).

Cardiovascular Profile

Table 1 also shows the cardiovascular profile of the women at
TO and T12. When MAP was evaluated, we found no signifi-
cant differences in measures taken at TO and T12 in the che-
motherapy (92 = 6 mmHg and 93 = 10 mmHg, respectively),
chemotherapy plus tamoxifen (94 £ 8 mmHg and 91 £ 9

mmHg, respectively), and tamoxifen alone (93 = 9 mmHg and
91 £ 6 mmHg, respectively) groups.

Likewise, there were no significant differences among the
groups when HR was measured at TO and T12 (chemotherapy,
74 = 5 bpm and 73 = 4 bpm, respectively; chemotherapy plus
tamoxifen, 73 = 4 bpm and 72 = 4 bpm, respectively; tamox-
ifen, 72 = 4 bpm and 73 = 5 bpm, respectively).

CVD Risk Factors

CRP

Figure 2 shows the plasma concentrations of CRP at different
times after treatment. In the chemotherapy alone group, we ob-
served higher CRP levels at T3 (10.85 = 0.02 mg/dL), T6
(12.5 = 1.95 mg/dL), and T12 (5.13 = 0.75 mg/dL) than at TO
(0.84 = 0.02 mg/dL) (p < .01) (Fig. 2A). Figure 2B shows that
plasma levels of CRP were significantly greater at T3 (10.81 =
2.97 mg/dL) and T6 (12.36 £ 2.64 mg/dL) than at TO (0.82 =
0.16 mg/dL) (p < .01) in the chemotherapy plus tamoxifen
group . However, the use of tamoxifen caused a significant re-
duction in CRP levels in this group at T12 (1.04 = 0.38 mg/
dL), and patients demonstrated values similar to those
observed at TO (0.82 = 0.16 mg/dL) (p < .01).

No differences were found in the levels of CRP in the
tamoxifen group when the levels at times TO, T3, T6, and
T12 (0.78 = 0.05 mg/dL, 0.80 = 0.06 mg/dL, 0.85 £ 0.07
mg/dL, and 0.79 % 0.04 mg/dL, respectively) were evalu-
ated (Fig. 20).
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Figure 3. Plasma concentrations of C-reactive protein (CRP) among the groups over time in the groups treated with chemotherapy alone
(A), chemotherapy followed by tamoxifen (B), and tamoxifen alone (C).

*p < .01 compared with the tamoxifen alone group.

+p < .01 compared with the chemotherapy plus tamoxifen and tamoxifen alone groups.

Table 2. Plasma concentrations of Apo-A and Apo-B at TO and T12 of treatment
Chemotherapy Chemotherapy + tamoxifen Tamoxifen
Marker (n =23) (n=21) (n = 16)
Apo-A, mg/dL
TO 134 = 11.5 1334 = 11.3 133 = 13.3
T12 128.13 = 9.34 179.5 = 7.64*° 185.1 = 7.87*°
Apo-B, mg/dL
TO 111.7 £ 12.5 109.26 = 14.1 108.5 = 7.11
T12 109.6 = 7.4 943 £ 9.3*° 96.3 + 5*°
Apo-B/Apo-A, mg/dL
TO 0.84 = 0.01 0.83 = 0.02 0.83 £ 0.01
T12 0.86 = 0.01 0.53 = 0.01*° 0.52 = 0.01*"
ap < .01 compared with the chemotherapy alone group.
p < .01 compared with the beginning (TO).
Abbreviations: Apo-A, apolipoprotein A-1; Apo-B, apolipoprotein B-100; T, time.

Figure 3 shows the CRP concentrations in the different
breast cancer treatment groups. All participants initially had a
CRP level <1 mg/dL with no difference among the chemo-
therapy, chemotherapy plus tamoxifen, and tamoxifen alone
groups (0.84 = 0.02 mg/dL, 0.82 = 0.02 mg/dL, and 0.78 =
0.05 mg/dL, respectively). We found that, at T3, the chemo-
therapy and chemotherapy plus tamoxifen groups exhibited
significantly higher plasma CRP levels (10.85 = 1.95 mg/dL
and 10.8 = 2.97 mg/dL, respectively) than the tamoxifen
group (0.8 = 0.06 mg/dL) (p < .01). Similarly, when CRP lev-
els were evaluated at T6, the chemotherapy alone and chemo-
therapy plus tamoxifen groups continued to exhibit higher
values (12.5 = 1.31 mg/dL and 12.36 * 2.64 mg/dL, respec-
tively) than the tamoxifen group (0.85 = 0.07 mg/dL) (p <
.01). However, at T12, we found that, although the overall CRP
levels were lower, the chemotherapy alone group demon-
strated higher plasma levels than the chemotherapy plus ta-
moxifen and tamoxifen alone groups (5.13 = 0.75 mg/dL,
1.04 £ 0.38 mg/dL, and 0.79 = 0.04 mg/dL, respectively)
(p < .00).
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Apo-A and Apo-B

As shown in Table 2, the levels of Apo-A in the chemotherapy
alone group showed no differences at TO and T12 (134 = 11.5
mg/dL and 128.13 = 9.34 mg/dL, respectively), nor were the
levels of Apo-B significantly different at TO and T12 (111.7 £
12.5 mg/dL and 109.6 = 7.4 mg/dL, respectively). However,
we found significantly greater Apo-A values when TO and T12
were compared between the chemotherapy plus tamoxifen
(133.4 £ 11.5 mg/dL and 179.5 = 7.64 mg/dL, respectively)
and tamoxifen alone groups (133 = 13.3 mg/dL and 185.1 *
7.87 mg/dL, respectively) (p < .01).

As for the levels of Apo-B at TO and T12, a decrease was
observed in both the chemotherapy plus tamoxifen (109.26 =+
14.13 mg/dL and 94.3 = 9.3 mg/dL, respectively) and tamox-
ifen alone (108.5 = 7.11 mg/dL and 96.26 *= 5.8 mg/dL, re-
spectively) groups.

When the different forms of treatment were compared,
we found that, at TO, the plasma levels of Apo-A in the che-
motherapy, chemotherapy plus tamoxifen, and tamoxifen
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alone groups were similar (134 = 11.5 mg/dL, 133.4 = 13.3
mg/dL, and 133 *= 13.3 mg/dL, respectively) (Fig. 4A), as
were the plasma levels of Apo-B (111.7 £ 12.5 mg/dL,
109.26 = 14.1 mg/dL, and 108.5 = 7.11 mg/dL, respec-
tively) (Fig. 4B).

At T12, the values of Apo-A for the chemotherapy plus
tamoxifen and tamoxifen alone groups were higher
(179.5 £ 7.64 mg/dL and 185.1 %= 7.87 mg/dL, respec-
tively) than those of the chemotherapy alone group
(128.13 = 9.34 mg/dL) (p < .01) (Fig. 4A). The values of
Apo-B at T12 in the chemotherapy plus tamoxifen and ta-
moxifen alone groups were significant lower (94.3 = 9.3
mg/dL and 96.26 * 5.8 mg/dL, respectively) than those of
the chemotherapy alone group (109.6 = 7.4 mg/dL) (p <
.01), and the chemotherapy group maintained levels similar
to those observed at TO (Fig. 4B).

Apo-B/Apo-A Ratio

The Apo-B/Apo-A ratio represents an important factor in as-
sessing CVD risk [26]. We found that this ratio remained the
same at TO and T12 in the chemotherapy group (0.84 = 0.01
mg/dL and 0.86 = 0.01 mg/dL, respectively) but was reduced
in the chemotherapy plus tamoxifen (0.83 = 0.02 mg/dL and
0.52 £ 0.01 mg/dL, respectively) and tamoxifen alone (0.83 =
0.01 mg/dL and 0.52 # 0.01 mg/dL, respectively) groups (p <
.01) (Table 2). When types of treatment were compared, the
groups showed no differences at TO, but at T12, the Apo-B/
Apo-A ratio in the chemotherapy plus tamoxifen and tamox-
ifen groups (0.53 = 0.01 mg/dL and 0.52 = 0.01 mg/dL,
respectively) was lower than in the chemotherapy group
(0.86 = 0.01 mg/dL) (p < .01) (Fig. 4C).

DISCUSSION
The present study investigated women with ER™ breast can-
cers who were undergoing chemotherapy, and we demon-
strated that the use of tamoxifen decreased the plasma
concentrations of some risk factors associated with CVD.
Women who had tamoxifen introduced into their treatment
regimen showed a reduction in plasma levels of CRP, Apo-B,
and the Apo-B/Apo-A ratio and an increase in plasma levels of
Apo-A. Despite the different menopausal status (postmeno-
pausal, premenopausal, perimenopausal), all groups studied
demonstrated initially similar levels of these markers of CVD
risk. Chemotherapy promoted elevated levels of CRP in the
first 6 months of breast cancer treatment, and even when treat-
ment was stopped after 6 months, CRP levels remained high.
The Framingham study indicated that CRP is an important
biomarker of inflammation, and it is used as a predictor of
acute myocardial infarction, stroke [27], coronary artery dis-
ease (CAD) [28, 29], and arterial vascular events [30, 31]. Tis-
sue injury, inflammation, and infection can stimulate CRP
secretion by hepatocytes in response to inflammatory cyto-
kines, such as IL-1, IL-6, and TNF-« [32, 33]. These cytokines
induce the expression of cell adhesion molecules, including in-
tercellular adhesion molecule-1, vascular cell adhesion mole-
cule-1, E-selectin, and P-selectin, that facilitate leukocyte
adhesion to endothelial cells and migration into the subintimal

Tamoxifen and Cardiovascular Risk

space of the arteries during vascular inflammation [34]. Further-
more, CRP increases the secretion of monocyte chemoattractant
protein-1 [35], which promotes the recruitment of macrophages to
the site of arterial injury [36] and contributes to the initiation of
atherosclerotic processes [37, 38]. CRP has also been shown to
increase the levels of oxygen free radicals [39] by inhibiting the
production of nitric oxide synthase in vitro [40].

Estrogen appears to modulate IL-6 and TNF-« levels, be-
cause elevated levels of these biomarkers have been found in
the plasma of postmenopausal women [41]. Thus, by simulat-
ing the effects of estrogen, tamoxifen may be acting on hepatic
receptors [42, 43] to promote proestrogen activity, including
reducing the production of IL-6 and TNF-c, which in turn re-
duces the serum CRP concentration [18, 44]. Tamoxifen also
exerts anti-inflammatory effects through the upregulation of
cytokines, such as transforming growth factor 3, that protect
the vessel wall from proatherogenic changes [45]. A reduced
concentration of CRP resulting from the decreased production
of cytokines upon tamoxifen treatment is likely the mechanism
by which tamoxifen use after chemotherapy benefits women,
particularly with regard to CVD.

In patients with cancer, a blood CRP level >0.5 mg/dL in-
creases the risk for developing venous thromboembolism [37].
Thus, a high risk for the occurrence of these vascular compli-
cations is present in patients receiving chemotherapy. Mono-
cytes that are stimulated by CRP also induce tissue CRP
production [46] in smooth muscle cells and endothelial cells in
vivo and in vitro [47]. It has been shown that CRP can also in-
teract with the endothelium through lipids and can undergo
conformational changes to become modified CRP, which is a
natural isoform that is expressed predominantly in the endo-
thelium [48] and can upregulate the P-selectin level, which sta-
bilizes platelets and leads to thrombus formation [49].

Studies have shown that reducing CRP levels may occur
indirectly through the enhancement of endothelial function or
the loss of adipose tissue [50]. In our study, we found that the
BMIs of the patients were similar in all groups and were there-
fore not a justification for the changes in CRP concentrations
observed during chemotherapy.

Two important markers for CVD, Apo-A and Apo-B, are
considered to be better predictors of CVD risk than serum
HDL and LDL levels [20, 26, 51]. Similarly, the Apo-B/
Apo-A ratio is considered to be a better predictor of CVD risk
than the total cholesterol/HDL ratio [23, 26].

In our study, we demonstrated reduced plasma concentra-
tions of Apo-B and increased plasma concentrations of Apo-A
in the treatment groups that included tamoxifen in their regi-
men. Furthermore, groups in which tamoxifen was used showed
a significant reduction in the Apo-B/Apo-A ratio at the end of the
treatment period. In contrast, the exclusive use of chemotherapy
as a treatment for breast cancer promoted stable levels of Apo-B
and Apo-A during the treatment period. The chemotherapy alone
group also showed a high Apo-B/Apo-A ratio (>0.7 mg/dL), a
result that is associated with an elevated CVD risk [25].

Itis known that tamoxifen can act on the liver by increasing
the biosynthesis of Apo-A through effects mediated by ERs
[42]. Apo-A functions as an antioxidant and anti-inflammatory
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Figure 4. Plasma concentrations of Apo-A (A), Apo-B (B), and the Apo-B/Apo-A ratio (C) in the groups treated with chemotherapy alone,

chemotherapy followed by tamoxifen, and tamoxifen alone.
*p < .01 compared with the beginning (TO).

Abbreviations: Apo-A, apolipoprotein A-1; Apo-B, apolipoprotein B-100; T, time.

agent that assists in the production of nitric oxide [52]. It also
acts as a carrier for cholesterol excretion in conjunction with
molecules such as ATP-binding cassette transporter Al
(ABCAT1), ABCGI, scavenger receptor class B member 1,
caveolin, and cytochrome P-450 27A1, which have been asso-
ciated with cholesterol efflux [53-55]. In a recent study, higher
levels of CRP were shown to downregulate ABCA1 and
ABCGI1 in macrophages [56], thus contributing to the progres-
sion of atherosclerosis in humans.

It is known that chemotherapeutic agents, such as anthra-
cyclines and cyclophosphamides, can cause cardiac toxicity
through mechanisms related to oxidative stress and lipid per-
oxidation in cardiomyocites [57]. High plasma CRP levels
(10-20 mg/dL), which were observed in the chemotherapy
group in our study, increase the production of superoxide anion
as a result of mitochondrial dysfunction and promote the up-
regulation of NADPH oxidase subunits, which induce the ac-
tivation of extracellular signal-related kinase (ERK)-1 and
ERK-2. The ERK-1/ERK-2 signaling pathway is activated by
CRP and has been found to inhibit the efflux of cholesterol
from macrophage-derived foam cells [56].

The Prospective Epidemiological Study of Myocardial In-
farction [58] demonstrated that a reduction in serum Apo-A
levels is associated with CAD and is independent of HDL cho-
lesterol levels.

Similarly, Apo-B levels more accurately predict the con-
centrations of proatherogenic particles, including very low
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density lipoprotein and LDL [59]. CRP can induce reactive ox-
ygen species and promote proinflammatory cytokine release,
thereby increasing the absorption of oxidized LDL by macro-
phages [60]. This process is important for the formation of ath-
erosclerotic plaques [61, 62].

CONCLUSION

This study showed that chronic use of tamoxifen significantly re-
duced the plasma concentrations of CVD biomarkers (CRP, Apo
B, and the Apo-B/Apo-A ratio) in women with breast cancer who
underwent chemotherapy. The results indicate the need for a care-
ful cardiovascular evaluation and the medical monitoring of
women with breast cancer to reduce the morbidity and mortality
associated with cancer treatment complications.
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