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a B S t r a c t

Background: Exercise has positive effects on breast cancer evolution, including pre-
vention, medical treatment, and aftercare clinical settings. Plus, elevated serum levels 
of CEA and CA15-3 as prognostic indicators were identified in patients with breast 
cancer. So, this study aimed to investigate the changes of CEA and CA15-3 biomark-
ers in the breast cancer patients following eight weeks of aerobic exercise.

Methods: In this quasi-experimental study, 15 females with breast cancer with mean 
age (44.46±17.15 years), weight (70.53±5.18 kg) and body mass index (27.58±2.18 
kg/m2) were randomly selected and performed aerobic training (for 8 weeks,3 ses-
sions per week, with an intensity of 30%-60% heart rate reserve). Before and after 
the intervention, while all patients were fasting for 12 hours, the levels of CEA and 
CA15-3 were measured. The data obtained were analyzed, using paired sample t-test 
at a significance level of P<0.05.

Results: Findings showed that the tumor marker (CA15-3) decreased following 8 
weeks of aerobic exercise although it was not significant (P=0.091); CEA level did 
not change significantly after exercise, either (P=0.542), but a significant decrease was 
observed in body mass index, body fat percentage and weight values after exercise 
(p=0.001) .

Conclusion: Elevated CA15-3 and CEA which are considered as the diagnosis of 
metastatic breast cancer was not observed in the study. Exercise could reduce CA15-
3 insignificantly. Also, aerobic exercise for eight weeks improved body composition 
indices, without increasing the level of fatigue or stress values, which may contribute 
to the prevention of the cancer prevalence in middle-aged women.
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INTRODUCTION:

The latest reports of Iranian Cancer Association 
show that 25% of all cancer manifestations in 
Iranian women are related to breast cancer1. 

The ever-increasing growth of breast cancer in recent 
decades and its harmful effects on physical and mental 
health as well as socioeconomic status have attracted 
experts` attention to this kind of disease more than ever, 
causing researchers to present it as the main hygienic 
problem of the current century2. According to deep re-
search in the field of the biology of breast cancer, de-
spite the increase in the occurrence of breast cancer in 
recent years, the survival rate has improved3, 4. Never-
theless, failure in disease treatment considerably affects 
the quality of life and survival rate in these patients. 
Therefore, it seems necessary that reliable predicting 
factors be determined to guide decision-making process 
during breast cancer treatment.
Over some decades, the clinical assessment of disease 
activity has been performed by means of blood tests, 
such as liver function tests, and imaging. However, 
these methods were not highly sensitive; so, measuring 
biomarkers presented in serum was taken into consider-
ation. Biomarkers are diagnostic molecules in the blood 
of individuals with malignant tumors which can be used 
for immediate diagnosis, treatment control and the diag-
nosis of recurrence5. In most malignant tumors, measur-
ing these biomarkers is an appropriate method for ob-
taining information on the natural history of the disease, 
and it can be used for planning the manner and duration 
of treatment. This method is fairly inexpensive, and it is 
performed with ease6.
Additionally, tumor size, histological grade (HG), and 
hormone receptors status are traditional prognostic fac-
tors, whereas axillary lymph node status has been the 
most important prognostic factor for primary breast 

cancer. Samy et al. (2010) suggested some other mark-
ers as biological prognostic indicators for breast cancer. 
They reported that preoperative serum levels of Her2/
neu, BCL2, cancer antigen 15-3 (CA15-3) and carci-
noembryonic antigen (CEA) in breast cancer patients 
were significantly higher compared with the levels of 
the control group; these markers have been observed to 
decrease significantly after the operation. Additionally, 
they were considerably associated with recurrence of 
disease7. 
Wang et al. (2017) suggested that serum CEA, CA19-9, 
CA125, CA15-3, and tissue polypeptide-specific anti-
gen (TPS) can be used in the diagnosis of metastatic 
breast cancer; they pointed out that the highest sensitivi-
ty was seen in CEA and the highest specificity observed 
in CA125 for the diagnosis of metastatic breast cancer8. 
Shao et al. (2015) also declared that preoperative serum 
levels of CEA and CA15-3 are independent prognos-
tic parameters for breast cancer. In their study, elevated 
serum levels of CEA and CA15-3 were observed in pa-
tients with breast cancer, and larger tumor size, as well 
as advanced axillary lymph nodal, exhibited a higher 
proportion of elevated CEA and CA15-3 levels in those 
patients. Also, patients with both elevated markers 
(CEA and CA15-3) presented the worst survival9. 
A large body of evidence indicates that exercise as a 
non-pharmacological and non-invasive method has pos-
itive effects on every aspect of breast cancer evolution, 
including prevention, medical treatment and aftercare 
clinical settings. Reduction of insulin resistance and 
improvement of immunity and cardiovascular function 
are some of the useful effects of exercise in people with 
breast cancer; Furthermore, acute and chronic symp-
toms of breast cancer, such as cachexia, muscle mass 
loss, fatigue, cardiotoxicity, weight gain, hormonal al-
terations, bone loss and psychological adverse effects 
may all be favorably influenced by regular training10. 
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Cancer patients are under medical treatment but 60-
70% of breast cancer survivors live with chronic ad-
verse treatment-related side effects, such as upper-body 
symptoms, lymphedema, and fatigue. Younger women 
can even experience premature menopause, bone den-
sity loss, infertility and associated distress. Exercise is 
thought to reduce or also prevent these side effects11.
Researchers believe that regular exercise in patients with 
a developed cancer augments the level of activity and en-
ergy expenditure without increasing the level of fatigue; 
exercise also causes hormonal variation through influ-
encing body mass index and fat percentage levels12,13. 
On the one hand, CA15-3 is a protein made by a va-
riety of cells, particularly breast cancer cells; on the 
other hand, exercise exerts favorable effects on tumor 
microenvironment by improving systemic pro-inflam-
matory profile and the serum concentrations of growth 
markers linked to tumorigenesis (Ramirez)14; finally, ex-
ercise is likely to reduce tumorigenesis and modify the 
production of cancer cells as CA15-3 and CEA which 
was investigated in the present study. In addition, we 
encountered some inconsistent and insufficient findings 
on the effects of exercise on biological prognostic indi-
cators15,16, that’s why further investigation is necessary 
to establish the impact of exercise on CA15-3 and CEA.
Considering the increasing number of women diagnosed 
with breast cancer each year, together with improving 
survival rates, the need to identify safe, effective, ev-
idence-based strategies to improve quality of life in 
breast cancer patients seems essential; thus, changes in 
CEA and CA15-3 levels in the breast cancer patients fol-
lowing 8 weeks of aerobic exercise were investigated in 
the present study.

METHODS:
The method of implementing the present research was a 
quasi-experimental pretest-posttest design on an experi-
mental group. The statistical population of this research 

consisted of middle-aged women with breast cancer in 
the 40-60 age range. After being invited for participation 
with the approval of specialists, 15 voluntary female pa-
tients were selected, using purposive sampling method, 
and they were considered as the experimental group on 
the basis of the output of a completed physical activity 
readiness questionnaire. The exclusion criteria of the re-
search consisted of coronary artery disease, kidney fail-
ure, and Hypothyroidism.
In order to conform to the code of Ethics, prior to sam-
pling, the patients were orally familiarized with the na-
ture and the method of the experiment and its probable 
dangers and were reminded of major and necessary hints 
on diet, physical activity, disease and the use of medi-
cines that they had to carefully follow. Afterward, the 
patients completed the written consent form of collab-
orating in the research and declared their readiness to 
participate in it. It should be mentioned that all of the 
patients were free to unconditionally withdraw from the 
research at any time.
In this research, before and after implementing the phys-
ical exercise program, a blood sample of 10 cc was taken 
from the biceps vein of the patients. Prior to collecting 
the blood samples, all the patients were fasting for 12 
hours and did not have any vigorous physical activity for 
24 hours. In both of the pre-intervention and the post-in-
tervention phase, blood sampling was performed be-
tween 8 and 9 am. The blood samples were centrifuged 
for 10-15 minutes at 2700 rpm to detach the serum. The 
serum level of CEA and CA 15-3 was measured by the 
electrochemiluminescence immunoassay method (Ro-
che’s technology, Germany). The study selection pro-
cess is described in Figure 1.
The aerobic training protocol was performed for eight 
weeks, three sessions per week and 40 to 60 minutes 
in every session. Exercise consisted of general warm-up 
exercises (walking, jogging, and stretching and flexibil-
ity exercises), main exercise, and 10-minute cool-down 
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ones. The intensity of aerobic training was progres-
sively increased (30-60% heart rate reserve (HRR))17. 
The intensity of the exercise was calculated via Karvo-
nen formula for each patient, and during the exercise it 
was controlled, using Polar Heart Rate Monitor manu-
factured in Finland.
HRR = [(220 – Age) – Resting Heart Rate) × Target 
percentage] + Resting Heart Rate
The results were expressed as the mean ± SD (standard 
deviation) as applicable. The Shapiro-Wilk test was 
applied to test the sample distribution and homogene-
ity of the variance method. Paired t-test was used to 

examine the differences in the baseline and after inter-
vention in variables within the group. A significance 
level of 5% was accepted. The statistical analyses were 
performed, using SPSS 16.0 software (Chicago, IL, 
USA).

RESULTS:
Findings showed that the tumor marker (CA15-3) 
decreased following eight weeks of aerobic exercise 
although it was not significant (P=0.091); CEA lev-
el did not change significantly after exercise, either 
(P=0.542). In addition, a significant decrease was ob-
served in body mass index, body fat percentage and 

Figure 1. Flow chart of the study.
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weight values after exercise (p=0.001)  (Table 1 and 2).
Figure 1 and 2 also show the serum changes in CEA 
and CA 15-3 in the middle-aged women following 
eight weeks of aerobic exercise.

DISCUSSION:
This study revealed that tumor marker (CA15-3) de-
creased insignificantly following 8 weeks of aerobic 
exercise, CEA level did not change significantly af-
ter exercise, too. These results are supported by find-

ings of Kheyrdeh et al. (2014), indicating that eight 
weeks of aerobic training had no significant effect on 
CA 15-3 in women with breast cancer. In contrast, the 
findings of Ko et al. (2014) do not confirm ours; they 
have reported a decrease of CEA in elderly women af-
ter 12 weeks of aerobic training15,16.
These contradictions possibly originate from the differ-
ent training programs (various intensity, duration, vol-
ume and rest periods of the training), and also diverse 
individual characteristics like fitness level and genetic 

Table 1. Difference within groups of CEA and CA 15-3 values before and after 
the intervention. †P≤0.05 vs before

variable significance level t Changes (%)
Phases

pretest
(M±SD)

posttest
(M±SD)

CEA 
(ng/mL) 0.542 -0.62 9.67±0.18 0.62±0.68 0.68±0.50

CA15-3
(U/ml) 0.091 1.82 -9.01±0.47 37.95±23.10 34.53±22.63

Table 2. Difference within groups of weight, body mass index, waist-hip ratio, 
and body fat percentage before and after the intervention. †P≤0.05 vs before

variable significance level t Changes (%)
Phases

pretest
(M±SD)

posttest
(M±SD)

weight
(kg) 0.001† 6.36 -5.43±0.09 71.40±6.85 67.52±6.76

body mass 
index

(kg/m2)
0.001† 6.00 -5.16±0.10 31.00±2.05 29.40±1.95

waist-hip ratio 0.235 1.27 -3.01±0.02 0.994±0.04 0.964±0.06

body fat per-
centage 0.001† 5.05 -4.03±0.22 37.92±4.71 36.39±4.93
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Figure 2. CEA value before and after the intervention in 
the middle-aged women with breast cancer

Figure 3. CA 15-3 value before and after the interven-
tion in the middle-aged women with breast cancer 

variation or heredity, the difference in the method of 
analysis, the age of patients, the state of menstruation, 
the use of chemotherapeutic drugs and hormonal treat-
ment method can also influence the blood levels of 
these biomarkers18,19.
Overall, exercise can modify the risk factors in chronic 
diseases and promote health, and as a behavioral in-
tervention and a complement to treatment, it can play 
an essential role in improving quality of life in cancer 
patients20. A considerable body of evidence indicates 

that exercise has positive effects on breast cancer evo-
lution as prevention, medical treatment and aftercare 
clinical settings10. However, the beneficial effects of 
exercise are not confirmed in all studies: Dethlefsen et 
al (2016) showed that a 6-month training intervention 
had no effect on breast cancer cell viability in vitro, 
while exercise increased VO2peak and muscle strength 
and reduced resting levels of plasma cholesterol and 
inflammatory cytokines. Conroy et al. (2016) found 
that aerobic exercise (225 min/week) failed to change 
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the levels of IL-4 and IL-10 in a manner consistent 
with chronic disease and cancer prevention. Carmen 
Sáez et al. (2007) also suggested that intense training 
significantly increased the tumor growth rate through 
the involvement of adrenaline and prolactin21-23.
To justify such a contradiction, it can be said that de-
pending on the type, duration and intensity of exercise, 
multiple influences on breast cancer risk can occur 10; 
for example, exercise with low volume and low inten-
sity has no effect on breast cancer risk24,25; Kobayas-
hi et al. (2013) suggested that physical activity with 
moderate-to-vigorous intensity attenuated the risk of 
pre- and post-menopausal breast cancer26.
As it was discussed before, serum levels of CEA and 
CA15-3 in patients with breast cancer are higher than 
the healthy control group. In the present study, the au-
thors observed an insignificant decrease in CA15-3 
following eight weeks of aerobic exercise. CEA lev-
el did not change significantly after exercise, either. 
Considering findings of some studies, it seems that 
in this study the training protocol was not sufficient-
ly intensive although eight weeks of aerobic training 
improved body composition indices in women with 
breast cancer; and it may lead to better results if the 
duration of training lasts longer and the intensity of 
exercise is higher.
Nowadays, the biomarkers CEA and CA 15-3 are re-
ferred to as the most practical indices in the preven-
tion, diagnosis, and treatment of breast cancer27. In 
fact, CEA is a molecule that is expressed by blood 
cells or cancer-related tissues, so its measurement is 
extensively used for the diagnosis and management of 
disease28. Moreover, increase of CEA and CA 15-3 is 
related to various critical conditions29,30. There is a cor-
relation between increased CEA and breast cancer re-
currence31. In particular, aging is one of the important 

factors in the increase of CEA value. Recently, Lee 
et al. (2011) have reported that the concentration of 
CEA is related to metabolic disorders, cardiovascular 
diseases, and also various cancers. They also observed 
a positive relationship between the serum level of CEA 
and metabolic syndrome prevalence25. Additionally, 
high level of CA 15-3 and a hormonal imbalance have 
been considered as the main factors in breast cancer 
development. A concentration of 5 to 10 times more 
than its natural range can be a sign of danger32.
It has been reported that there is a competition between 
active muscles and tumor tissue for blood and nutri-
ents supply; during exercise, the blood flow is direct-
ed towards active muscles, and tumor tissue probably 
undergoes higher necrotic and apoptotic stress by re-
ceiving less blood flow and nutrients, while nutrients 
and tropic factors are consumed by active muscles33. 
Exercise is likely to reduce tumorigenesis and mod-
ify the production of cancer cells like CA15-3 and 
CEA. On the other hand, it has been suggested that 
CEA affects the release of pro-inflammatory cytokines 
through stimulation of monocytes and macrophages34. 
Although aerobic training failed to change the CEA 
levels in the present study, the useful effect of regular 
exercise on inflammatory conditions in patients with 
breast cancer has been confirmed in some studies10,11. 
The anti-inflammatory effects of regular exercise may 
be mediated via a reduction in visceral fat mass as well 
as the induction of an anti-inflammatory environment 
by decrease of CRP, IL-2, IL-6 and TNF-α and an in-
crease in the circulating numbers Treg cells and the 
anti-inflammatory cytokines IL-10 and IL-1 receptor 
antagonist (IL-1RA)35.
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