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ABSTRACT 

 
Determination of salivary cortisol using radioimmunoassay and the relationship between stress levels were 

investigated before and after of the psychological intervention of 21 patients during teletherapy treatment of 

breast cancer. The benefits of psychological intervention during cancer treatment has been observed in some 

studies and evidence show that the patient's emotional state directly influences adherence to treatment, good 

prognosis and under stress. Thus, in present study 21 patients aged 50-70 years, females in the treatment of 

breast cancer at the Radiotherapy Service of Santa Casa de Misericordia in Belo Horizonte, were divided 

randomly into two groups: control (without psychological intervention) and Group TCC (with psychological 

intervention).  Salivary cortisol concentrations are reportedly about 5–10% of those in serum, the levels has 

been used as an objective marker of hypothalamic-pituitary-adrenal (HPA) axis activity and avoided the 

confounding effects of venepuncture stress on cortisol levels. The assessment of cortisol in saliva has proven a 

valid and reliable measure of unbound steroid in the circulation. The salivary cortisol measured by 

radioimmunoassay in control patients and TCC showed no significant differences. The radioimmunoassay 

method show be suitable for analysis of salivary cortisol because allows measure low detection limits and have 

high sensibility. The values of TCC group and Control group were higher than reference values, except for one 

patient of the control group. At the beginning of treatment, both groups were homogeneous for Teletherapy. 

Both the TCC group as the control group had ≥ 80% of participants in phase with stress. It was observed in the 

TCC group after radiotherapy showing a reversal 60% of participants without stress. The data show that 

cognitive-behavioral therapy has benefits for the control of psychological stress and enhance relevance of the 

psychologist to provide reduction or stress control during radiation treatment without interfering with the 

integrity of the participants. 

 

 

1. INTRODUCTION 

 

The aim of this study was to establish the levels of cortisol in patients suffering breast cancer 

and relate them with the results of two groups. Another objective was verifying the 

hypothesis of a stress reduction along with reduced levels of cortisol to compare the 

concentrations of the mainly free cortisol in saliva to those of total cortisol as determined 
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with a commercial radioimmunoassay. The concentrations were determined in matched 

samples of saliva collected among 8 am and 10 pm from 21 volunteers. The saliva samples 

were centrifuged at 5000 rpm and were frozen at -20 degrees C. The reference intervals used 

were traced through the standard curve made through the data kit. In conclusion, the 

satisfactory precision of the analysis and the simple non-invasive sampling procedure 

suggest that saliva may be used for cortisol measurements in situations where blood 

sampling is difficult to perform. 

 

Various hormones have been linked to the stress response. The most important of these are 

via the hypothalamic-pituitary axis (HPA) and the autonomic nervous system (ANS)[1,2] 

(namely the corticoids). Hormone levels have traditionally been measured in the blood, 

involving some form of restraint and discomfort, and often causing changes in the 

physiologic parameters being measured. The use of noninvasive measures are becoming 

more widespread in the research fields as they have gradually gained acceptance as accurate 

ways of determining stress and therefore, poor welfare. Salivary cortisol as a measure of 

adrenal activity has been applied in humans since the early 1980s and is now seen as a 

reliable stress-marker. Direct correlations between salivary and plasma cortisol in domestic 

animals have been shown in basal and stressful situations [3,4]. Saliva has the advantage of 

being relatively easy to collect, and its removal does not have any physiologic consequences. 

Measuring hormones in body fluids, however, usually requires collecting samples and 

transporting them to a laboratory where assays such as an enzyme-linked immunosorbent 

assay (ELISA)[5]
 
or radioimmunoassay (RIA)[1] are performed; normally taking in the 

region of several hours or more. There are obvious limitations to this practice. First, the time 

scale means that welfare problems cannot be immediately identified and rectified, and regular 

testing of a persistent problem would be difficult if not impossible. Second, these assays must 

be performed by trained scientific personnel using specialized equipment in a laboratory, 

which leads to high costs and inflexibility. 

 

Radiation therapy is a medical specialty with nearly a century of existence as a therapeutic 

resource especially in diseases like breast cancer. In radiotherapy, it released a precisely 

calculated radiation dose to a volume tumor with minimal damage to healthy surrounding 

structures, resulting in tumor eradication, with a possible extension and improvement of 

quality of life. The therapeutic use of radiation involves the steps pre - treatment and 

simulation planning, along with a multidisciplinary team consisting of: doctor  

radioncologist, medical physicist, and coach in radiotherapy. Radiation is prescribed 

with Based on the evaluation of tumor extension, specific characteristics of the tumor to be 

treated; definition of therapeutic goals (adjuvant, unique, curative, palliative); periodic 

assessment of the patient [6].  

 

The application of radiotherapy is performed primarily in two ways: external, called 

teletherapy, and internal brachytherapy. The use teletherapy sources nuclear radioactive 

source such as Cobalt-60 devices, which have a cobalt source inside or linear accelerators 

that produce radiation through the acceleration of electrons. Brachytherapy is a short distance 

therapy, in which an encapsulated source or a group of these sources are used to release β 

radiation (beta) or γ (gamma) at a distance of few centimeters of the tumor. Can be surface 

(the surface of the tumor), intracavitary (introduced in the cavity of  body - the trachea, 

esophagus, vagina, rectum, urethra - adjacent to the tumor), intraluminal (The source is 

introduced rapidly into, in light of some body cavities - bronchial tree, in the treatment of 
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lung cancer) and interstitial (implants temporary or permanent, through needles or plastic 

tubes, which pass through the tumor) [7].  

 

Radiotherapy in addition to the stressors already present in the life of patient, the fact of 

encountering a new situation that takes into account the very survival, the latter can 

become a stressor that in turn generates anxiety disorders, stress and depression. These 

disorders affect the associated well-being and health of the individual, can affect 

the patient's immune resistance. The immune system is susceptible to damage 

damages, is an important follow-up work to reduce the factors stressors and emotional 

factors, they are deterministic in survival and continuity of patient care [8].   

 

1.1 Cortisol 

Cortisol is a steroid hormone secreted by cells in the blood of the córtex adrenal. About 90% 

of plasma cortisol is strongly connected, but reversibly to a protein carrier, the binding 

globulin Corticosteroid (CBG, transcortin), a small portion is bound to albumin and about 

10% circulates in free form. The most important biological effects of cortisol are: glycogen 

storage in the liver production of glucose from amino acids and decrease glucose 

oxidation. This steroid hormone also increases the speed and strength of cardiac contractions, 

changes many metabolic functions and sensitizes the vessels blood to the action  

of norepinephrine, preparing the body for the answers to situations stressful looking also 

act in regulating the immune system [9].
 

Cortisol free, biologically active, freely crosses the barrier blood-brain (BBB), reaching the 

cerebrospinal fluid and thus áreas important central nervous system that are located close to 

the ventricles (e.g. amygdala, hippocampus and hypothalamus). The presence of receptors for 

glucocorticoids in these regions suggests that cortisol had a direct action on the CNS 

[4,6].The free cortisol reaches the saliva passively, without being influenced by salivary 

secretion and maintains the same circadian rhythm for cortisol found plasma. The 

major advantage of salivary cortisol measurement is to allow a collection simple, noninvasive 

[10,11]. 

Cortisol allows it to be taken saliva by passive diffusion without interference of the salivary 

flow. The collection for determination of salivary free cortisolis a simple, noninvasive, 

free from the stress of venipuncture and allows multiple collected at different times needed to 

assess the circadian rhythm, the use research dating back to 1986. This technique has been 

proposed as a predictive method success in the evaluation of diseases such as Cushing's 

disease [10,12].
 

1.2 Breast Cancer 

All breast cancers have a genetic origin. It is believed that 90% -95% of them are sporadic 

(non-family) and arise from somatic mutations that occur during life, and that 5% -

10% are hereditary (family) due to inheritance of a germline mutation at birth, which gives 

these women susceptibility to breast câncer [13].  

The treatment of invasive carcinoma of the breast is mostly surgical associated when 

indicated, radiation therapy, chemotherapy and hormone treatment. The surgery can remove 

the entire breast or part thereof, with or without emptying axillary. The most frequent 

types of surgery are: type Halsted radical mastectomy with removal of the pectoral muscles 

and radical dissection of the axilla; type Mastectomy Patey with preservation of the pectoralis 
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minor and axillary dissection, and type Mastectomy Madden with preservation of 

both pectoral and axillary dissection [14].
 

The first studies aimed at clarifying possible factors psychological effects of breast 

cancer date back to the beginning of medicine. based on little careful clinical observations, 

these studies argued that most malignant tumors was caused exclusively by depression, 

but this theory has fallen into disuse as the advances of science made possible 

the identification of several causes of disease. Recent research suggests that depression and 

other clinical conditions lead to a lowering of the vital tone can, working together with 

factors organic, play an important role in the etiology of the disease in question [6].
 

The stress as a result of living conditions that characterize the great urban centers - 

the uncontrollable population growth, rampant violence, the chaotic traffic, the increased 

social inequality, pollution of the hopeless natural and mental strain caused by work, among 

others - is appointed by some researchers as a variable capable of causing emotional 

imbalance and affect the efficiency of the immune system, increasing as a consequence, the 

vulnerability to organic diseases such as breast câncer [15]. That proposition is supported 

by common sense, but this hypothesis does not subsidizeexplanations causal and 

requires empirical evidence, given that it is not endorsed by prospective randomized studies. 

According to several studies, women affected by breast câncer have, mostly, a psychological 

profile typical, as are accentuated difficulties to produce losses, have a latent need of self-

determination repress their aggressive impulses and are more or less intensity, 

dependent, introverted, passive, insecure, depressed, pessimistic, anxious, submissive 

and deslibidinizadas. Even so, the those characteristics are not specific to 

this population. Therefore, it is unwise generalizable to establish a causal 

relationship between personality and disease. 

 

2. METHODOLGY 

 

2.1 Population and study participants 

 

In the Radiotherapy Service are handled 30 to 50 women with câncer breast per month, from 

the health centers and other hospitals in the capital and Minas Gerais.  The study evaluated 21 

female patients, mastectomy, aged 50 to 75 years referred to the Radiotherapy Service of 

Santa Casa de Misericordia de Belo Horizon to perform radiotherapy treatment. All subjects 

were selected according to the criteria for inclusion, divided into two group; Control 

(patientes with radiotherapy) and TCC (patients with radiotherapy e psychological 

intervention) 

 

2.2 Criteria for inclusion 

 

1) Women diagnosed with breast cancer.  

2) Age 50-75 years.  

3) In radiotherapy.  

4) clinical stages: I, II or III, according to the criteria of "TNM" Union International Anti-

Cancer, which uses the following parameters: T: size tumor, N: absence or presence of 

metastases in regional lymph nodes, M: absence or presence of distant metastases. 
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2.3 Exclusion criteria 

 

1) Exclusion criteria include the presence of various diseases associated with cancer.  

2) Use of medications that may influence the immune system as therapy based 

on corticosteroids, dexamethasone or prednisone.  

3) In chemotherapy. 

 

2.4 Analysis by salivary cortisol radioimmunoassay 
 

The salivary cortisol was measured as a biomarker of activity hypothalamic-pituitary-

adrenocortical (HPA). Were collected with two saliva samples, the experimental day, divided 

into two stages, beginning and end of radiotherapy. In the laboratory of Radiobiology, 

Department of Sciences and Techniques Nuclear, Universidade Federal de Minas Gerais, the 

samples were centrifuged at 2000 rpm for 5 minutes and frozen at -20 ° C for later analysis of 

cortisol saliva by radioimmunoassay (RIA).  

 

The radioimmunoassay is one of the most sensitive methods for quantitative analysis  

of antigen-antibody reactions, allowing rapid and accurate, even in preparations not purified, 

features detection threshold of the order of nanograms or picograms.  

 

There are three types of RIA, by capture, or direct competition. in this paper we used 

the technique of radioimmunoassay by competition which consists in immobilization 

of a fixed amount of antigen in a solid support, adding fixed amount of labeled 

antibody specific, mixed with the sample under test or a series of standard solutions 

with varying concentrations of soluble antigen. after a incubation period of 45 minutes, 

the labeled antibody that did not bind to the solid phase and soluble antigen are washed 

away and it is a measure of radioactivity solid phase. From the response, the concentration 

of antigen testing is estimated by interpolation on the curve. Samples of saliva and the 

reagent together with 125 I have been placed simultaneously in a polypropylene tube and 

incubated for 45 minutes at room temperature 37°.  

 

Occurs competition for binding site on the solid phase between the cortisol cortisol sample 

and marked. After incubation, it is decanting the supernatant, ie, the process of removal of 

material leaving the inverted tubes and finally the gamma counter reading. The measurement 

values are compared with the standard curve, and transformed into mg / dL . 

 

3. RESULTADOS 

 

3.1 Measuring salivary cortisol levels  

 

Changes in salivary cortisol levels is a reflection of increased levels plasma levels of this 

hormone as a result of several stressful events. in the study we used the radioimmunoassay 

method to detect cortisol in the saliva of patients undergoing teletherapy of CBT and control 

groups. The results of the levels of cortisol in saliva collected from two study time 

points, beginning and ending, was compared to concentrations of the standard 

curve (Fig. 1) RIA kit in accordance with the recommendations the manufacturer.  

 

Figure 2 B regarding the cortisol levels of patients in group control shows that there is 

no significant change in hormone levels in 71% patients in this group, 
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the remaining 29% but shows a considerable reduction 100% of patients had cortisol 

levels above normal (0:10 to 1:18  g / dl). Salivary cortisol values remained unchanged for 

all patients TCC Group (Fig. 2 C), but also to patients in the control group levels 

hormone remained above normal except for one patient in two 

hormone dosages corresponding to the result presented normal values for adults.  

 

 

 

 

 

Figura 1 – Standard curve based on figures Kit radioimmunoassay  

(GammaCoatTM Cortisol, 125I RIA Kit. - DiaSorin). 
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Figura 2 - Evaluation of salivary cortisol levels in patients 

with cancer breast undergoing radiotherapy: patients 

without psychological undergoing external beam radiation 

therapy at baseline (●) and after (■) treatment (A). E 

monitoring of patients with CBT group at baseline (●) and 

after (■) of treatment (B). 

 

 

3.2 Stress Symptoms Inventory for Adults (LSSI): Evaluation of Phases 

 

Once you know the homogeneity of the patients in the study referred to as irrational beliefs 

stressing our interest was to investigate the benefits of Cognitive Behavioral Therapy (CBT) 

to control the stress in breast cancer patients undergoing radiotherapy and use this inventory 

of stress symptoms (ISSL) in 21 patients before radiotherapy (beginning) and the thermal 

radiation treatment (final). The results showed that the highest percentage of individuals in 

the control group is in the phase of resistance both at the beginning (Fig. 3A) with 85% and 

in the end (Fig. 3B) treatment with 72%. Interestingly this same group at the end of 

radiotherapy treatment is an increase of 18% of individuals in the phase of almost exhaustion, 
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which coincides with the reduction in the% of individuals without stress.  

In the CBT group was observed that the distribution of patients undergoing psychological 

counseling, when applied ISSL at first assumes a rising profile in the graph comprising 

phases without stress, alertness and endurance. The slope of the curve indicates 80% of 

individuals in the resistance phase (Fig. 3A). The results of ISSL CBT group at the end of 

treatment, show the potential benefit of counseling during radiotherapy in patients with breast 

cancer, since the distribution of phases in patients without stress, alertness and resistance 

appears to be inversely proportional compared to the same patients at the beginning of 

radiotherapy. While 80% of subjects in the TCC are at the stage of resistance at baseline, at 

the end there is only 20%, other 60% did not reach the score corresponding to any of the four 

stages of classification ISSL then being classified as individuals without stress (Fig. 3B). 

 

 

 

 

 

Figure 3 - Evaluation of the level of stress in patients with breast 

cancer undergoing raditerapia. A comparative study of patients 

with follow-up Psychological submitted to management training and 

stress reduction group CBT(■) and 

patients without psychological control group (■) before starting the 

radiotherapy (A) and after the end of treatment (B). 
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The psychological-based TCC was positive in the control / stress reduction, since 60% of 

patients in the TCC group at the end of treatment, did not reach the score corresponding to 

any of the four stages of classification of ISSL and are classified as our studies as stress This 

fact indicates the potential benefit of counseling during radiotherapy in patients with breast 

cancer. A comparison of results between ISSL CBT and control groups at the beginning of 

radiotherapy does not differ in the distribution profile of patients in four phases (Figure 

3A). This fact explains why patients in both groups are under the same conditions of 

pretreatment, ie, without counseling, without radiotherapy sessions and the unified profile 

which refers to beliefs. Interestingly, a correlation between the results of the inventory of 

beliefs and LSSI (Figure 3) showed that patients with stress have a significantly higher 

average of irrational beliefs than those who do not have stress. Every generator of anxiety and 

stress can modify the body in refers to hormonal changes. Cortisol is a hormone widely used 

as marked-related stress [1,11,16]. Interest in this study was to evaluate the existence of 

correlation between psychological and physiological parameters in individuals subjected to 

psychological (TCC group). Our results showed that despite the effectiveness of TCC in 

control and stress reduction therapy that did not interfere significantly in salivary cortisol 

levels in most patients in both groups. The significant decrease in cortisol levels observed in 

some patients in the control group at the end of radiotherapy, unexpected result in the study 

was considered as a function of individual specific factors that are difficult to clarify in the 

study. Importantly, factors such as the collection of saliva collected in just two moments of 

the study and some patients are on medication, have hindered a more precise analysis of 

changes in cortisol during the treatment. 

 

4. CONCLUSIONS 
 

In the study showed that the techniques used with counseling, held in TCC approach provides 

benefits in reducing and managing stress is important in improving the quality of life 

of breast cancer patients undergoing teletherapy. The study also points out the susceptibility 

of patients who were not subjected topsychological counseling to other diseases, since there 

was no stress controlunlike some patients progressed to symptoms developing into the most  

critical phase. Regarding the physiological study, salivary cortisol levels, the data were not 

sufficient for a correlation with the results of psychological studies, it was not evident from 

the significant increase in cortisolwhen compared to the changes under stress. This means 

that in both groups mostpatients remained in salivary cortisol levels above normal. 
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