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The Guidelines Project, an initiative of the Brazilian Medical Association, aims to combine information from the medical field in order to standar-

dize procedures to assist the reasoning and decision-making of doctors.

The information provided through this project must be assessed and criticized by the physician responsible for the conduct that will be adopted, de-

pending on the conditions and the clinical status of each patient.

descripTion of The evidence collecTion 
meThod
Through the development of four relevant clinical ques-
tions related with the proposed subject, we tried to present 
the main evidence for safety, toxicity and effectiveness using 
different radiotherapy techniques. The study population 
consisted of female patients of all ages with primary breast 
cancer treated with radiation therapy to the whole breast, 
regardless of histological type, staging, context of treat-
ment (radical, adjuvant or palliative) and whether comor-
bidities were present or not. For this, a systematic review 
of the literature was performed in primary scientific re-
search databases (Medline - Pubmed; Embase - Elsevier; Li-
lacs - Bireme; Cochrane Library - Central Register of Con-
trolled Trials). All articles available until July 22, 2013, were 
included. The search strategy used for Medline research is 
described in Appendix. Articles were selected based on cri-
tical evaluation in search of the best available evidence. Re-
commendations were prepared based on discussion with 
the writing group, composed of three members of the Bra-
zilian Society of Radiotherapy. The guideline was reviewed 
by an independent group specializing in evidence-based 
clinical guidelines. After completion, the guideline was 
made available for public consultation for 15 days and the 
suggestions forwarded to the writers for evaluation and 
consideration into the final text.

Grade of recommendaTion and sTrenGTh 
of evidence
A. Experimental or observational studies of higher con-
sistency.

B. Experimental or observational studies of lower consis-
tency.
C. Case reports (non-controlled studies).
D. Opinions without critical evaluation, based on con-
sensus, physiological studies, or animal models.

objecTive
To assess the most appropriate method of radiation the-
rapy for treating patients with primary breast tumors.

conflicT of inTeresT
No conflict of interest informed.

inTroducTion
Breast cancer is the most common malignancy (except for 
non-melanoma skin tumors) and the leading cause of can-
cer death among women(D).1 According to data from the 
National Cancer Institute, in Brazil, for the year 2012, 
52,680 new cases were estimated, which corresponds to an 
estimated risk of 52 new cases per 100,000 women(D).2

Radical mastectomy, as proposed by Halsted in 1894, 
has been the standard treatment for breast cancer regar-
dless of any associated factor. However, in the last 50 years, 
there has been a change in surgical approach, following 
the trend of breast conservation, whilst continuing to 
offer oncological safety. According to this rationale, ad-
juvant radiotherapy (RT) is fundamental to treat all pa-
tients with initial in situ and invasive tumors who undergo 
conservative surgery, as well as those with locally advan-
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ced disease (tumor size > 5 cm, more than three lymph 
nodes affected, and more).

From the standpoint of the existing RT techniques, 
conventional planning (2D) is performed based on two 
dimensions (planar images such as X-ray) with dose dis-
tribution calculation in a single plane (contour) of the pa-
tient. The total volume irradiated is not considered, that 
is, the dose variation outside this contour is ignored (no 
accurate volumetric measurement of dose distribution). 
The combinations of the radiation beams are simple and 
there is a need for good margin coverage, in order to en-
sure complete coverage of the treatment target volume. 
Thus, critical structures (organs at risk) are often inclu-
ded in the treatment field, which contributes greatly to 
increased toxicity.

In the late 1980s, with the improvement of hard-
ware and planning systems, it was possible to provide 
tools capable of assisting the evaluation of treatments 
that have become fully three-dimensional (conformal 
technique - 3D). In 3D RT for the breast, dose distri-
bution is calculated over the total volume irradiated, 
with tissue inhomogeneity corrections, considering 
the contour of the patient’s chest at different levels. 
The measurements of heart volume and lung volume, 
which are irradiated through field entries, are known 
for the calculation of dose-volume histograms. This 
is an important tool because it helps to assess the ho-
mogeneity of planning, as well as measures the dose 
to be received by each organ during treatment delivery. 
Ultimately, it is the tool used to determine whether a 
treatment is prohibitive due to the high chance of side 
effects, or if it is acceptable on account of greater spa-
ring effect for the organs at risk. 

As previously said, 3D RT offers better distribution of 
the prescribed dose at the target volume. However, dose 
deposition in tissues using the 3D technique is practically 
the same as in 2D RT. Thus, in the scope of treatment, the 
intensity of radiation is the same in each treatment beam, 
that is, the dose is uniformly delivered to both the tumor 
and normal adjacent tissues in the treatment target area. 

In order to improve the intensity of non-uniform 
beams, a technique of beam intensity-modulated RT 
(IMRT) was developed. For this, an inverse planning is 
used, consisting in first defining the organs at risk and 
target volumes, and the dose that each structure should 
receive. As a result, a non-uniform deposition of dose 
is obtained within treatment area, which is achieved by 

dividing the field into several sub-fields. In the case of 
breast cancer, in which the incidence of treatment beams 
is arranged tangentially to the chest wall, conventio-
nal beams end up generating inhomogeneous dose dis-
tributions in the breast, particularly in areas of lower 
thickness. Therefore, the treated area lacks dose homo-
genization, while IMRT, which usually allows a ‘non-
-uniform deposition’ of the dose at the treatment tar-
get, offers exactly the opposite: the homogenization of 
the dose in the breast.

Importantly, in practice, for the treatment of breast 
cancer with radiotherapy, the so-called IMRT involves the 
adoption of two distinct strategies:

1. the use of inverse planning, as mentioned above;
2. the use of a computerized planning system capable 

of evaluating the dose distribution in the overall vo-
lume. Through visualization of high-dose regions, 
field segmentation is carried out manually using col-
limation blocks or a multileaf collimator, resulting 
in a more homogeneous dose distribution (no need 
to use reverse planning).

is dose disTribuTion for breasT 
irradiaTion superior wiTh inTensiTy-
modulaTed radiaTion Therapy (imrT) 
compared To convenTional and conformal 
radioTherapy?
IMRT is the modality that provides best dose coverage at 
the treatment target (breast) compared to the conformal 
and conventional techniques (B).3,4

In addition, IMRT significantly reduces the dose de-
livered to organs at risk. The dose reduction in the con-
tralateral breast can reach 50%, which reduces the like-
lihood of radiation-induced breast cancer especially in 
young women (B).5,6 The same was noted with regard 
to other structures such as the heart and lungs (ipsila-
teral and contralateral), which can be associated with a 
reduced risk for chronic lung and heart disease (B).7-14 
This benefit was also demonstrated in patients under-
going mastectomy and adjuvant radiation therapy for 
plastron (B).7

Recommendation
Intensity-modulated radiation therapy (IMRT) is a mo-
dality that provides better dose distribution in breast ir-
radiation.
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is iT less Toxic To use inTensiTy-modulaTed 
radiaTion Therapy (imrT) compared To 
convenTional or conformal radiaTion 
Therapy for primary breasT Tumors?
Toxicity related to radiation therapy can be temporally 
divided into two sub-categories: acute and delayed.

When comparing IMRT with conventional or confor-
mal radiation therapy of the breast, two studies had acu-
te toxicity as the main outcome.

A phase III multicenter study including 358 patients 
showed that the rates of moist desquamation during ra-
diotherapy and up to six weeks after treatment were 31.2% 
with IMRT, and 47.8% with conventional or conformal 
radiation therapy (p=0.002)(A).16

A recently published English study with median follow-
-up of five years and which included 1,145 treated patients 
showed that the use of IMRT reduces the rates of telangiec-
tasia (OR 0.58, 95%CI: 0.36 – 0.92, p=0.021)(A)3  (B).17

Regarding delayed toxicity, a minimum of five years 
for patient follow-up is required. Some institutional se-
ries reported a low rate of delayed toxicity related to radia-
tion therapy: a study with 7.5 years of median follow-up re-
ports rates of delayed skin toxicity grade II or higher at 39 
vs. 52% (p=0.004) with IMRT and conventional radiothe-
rapy, respectively (D).18 Rates of pneumonitis, lymphoe-
dema, and tumor recurrence within the follow-up were 
not statistically different between the two groups (D).18 

A similar study showed after 4.7 years of median follow-up 
that the use of IMRT reduces the rates of acute and delayed 
toxicity, with respective rates of delayed breast edema gra-
de II or higher at 6 versus 1% (p=0.009) (B).19 For patients 
with larger breasts (volume > 1,600cm3), the gains were 
more expressive with IMRT: chronic breast edema (3 vs. 30%, 
p=0.007) and hyperpigmentation (3 vs. 41%, p=0.001)(B).19 

Recommendation
There is less acute toxicity with the use of intensity-modu-
lated radiation therapy (IMRT) compared to conventional 
or conformal radiation therapy for primary breast tumors, 
especially regarding the rate of moist desquamation du-
ring radiotherapy. Delayed skin toxicity is less prevalent 
with IMRT, with a lower incidence of chronic breast ede-
ma, hyperpigmentation, and telangiectasia. These gains 
are also seen in larger breasts treated with this technique.

is The qualiTy of life affecTed To The poinT 
of jusTifyinG The use of inTensiTy-modulaTed 
radiaTion Therapy (imrT) over conformal 
or convenTional radiaTion Therapy?
Quality of life is a difficult outcome to be measured, with 
many uncertainties, including the difficulty in defining 

it and the subjectivity of measurements. For the treat-
ment of breast cancer, quality of life was assessed in stu-
dies using specific tools such as questionnaires or through 
cosmetic evaluation of patients, which is intrinsically lin-
ked to quality of life and personal satisfaction.

Cosmesis was evaluated in two randomized studies 
as the primary outcome according to the use of IMRT.

306 women underwent cosmetic assessment by se-
rial photographs after 1, 2 and 5 years of follow-up. The 
rate of change in the appearance of the breast was 58 vs. 
40% (p=0.008) for conventional radiotherapy and IMRT, 
respectively (B).4

The findings illustrated a 68% reduction in the risk of 
worsening of cosmesis using the RTOG scale after IMRT 
(OR=0.68; 95%CI, 0.48 to 0.96; p=0.027) (B)3 (A).17

Direct evaluation of the quality of life through sco-
res or questionnaires was carried out in the study, which 
assessed patients based on two questionnaires: EORTC 
Quality of Life Questionnaire C-30 general module and 
BR-23 module self-assessment. During patient follow-up, 
there was a significant correlation between the two sco-
res for quality of life and the presence of breast pain and 
radiodermitis (A).16

Recommendation
The use of intensity-modulated radiation therapy (IMRT) 
reduces the risk of worsening of cosmesis. There is no evi-
dence for other outcomes related to quality of life.

are There differences in effecTiveness, 
local conTrol or overall survival amonG 
The Techniques of inTensiTy-modulaTed 
radiaTion Therapy (imrT), conformal rT 
and convenTional rT?
In three phase III randomized trials comparing conven-
tional or conformal RT with IMRT, effectiveness, local 
control and overall survival were not the main outcomes 
evaluated. The reason for this is that the hypothesis was 
not proposed because the prescribed doses and irradia-
ted volumes were equal, regardless of the technique. In 
one of these studies, with five years of median follow up, 
the rate of local control in the group of women treated 
with IMRT and conventional RT in five years was 98.6 
and 97.4%, respectively  (p=0.36) and the overall survival 
in five years was 92.5 and 91.7%, respectively (p=0.88)(A).17  

Recommendation
IMRT compared with conventional or conformal radia-
tion therapy techniques for the breast has benefits in 
terms of dosage, toxicity and quality of life, while it does 
not affect local control and overall survival of patients.
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appendix
Medline search strategy
(Breast Neoplasms [Mesh] OR Breast Neoplasm OR Neo-
plasm, Breast OR Neoplasms, Breast OR Tumors, Breast 
OR Breast Tumors OR Breast Tumor OR Tumor, Breast 
OR Mammary Carcinoma, Human OR Carcinoma, Hu-
man Mammary OR Carcinomas, Human Mammary OR 
Human Mammary Carcinomas OR Mammary Carcino-
mas, Human OR Human Mammary Carcinoma OR Mam-
mary Neoplasms, Human OR Human Mammary Neo-
plasm OR Human Mammary Neoplasms OR Neoplasm, 
Human Mammary OR Neoplasms, Human Mammary OR 
Mammary Neoplasm, Human OR Breast Cancer OR Can-
cer, Breast OR Cancer of the Breast OR Cancer of Breast) 
AND (Radiotherapy, Intensity-Modulated [Mesh] OR In-
tensity-Modulated Radiotherapies OR Intensity-Modula-
ted Radiotherapy OR Radiotherapies, Intensity-Modula-
ted OR Radiotherapy, Intensity Modulated OR IMRT OR 
Volumetric-Modulated Arc Therapy OR Arc Therapies, Vo-
lumetric-Modulated OR Arc Therapy, Volumetric-Modu-
lated OR Therapies, Volumetric-Modulated Arc OR The-
rapy, Volumetric-Modulated Arc OR Volumetric 
Modulated Arc Therapy OR Volumetric-Modulated Arc 
Therapies OR Intensity-Modulated Arc Therapy OR Arc 
Therapies, Intensity-Modulated OR Arc Therapy, Inten-
sity-Modulated OR Intensity Modulated Arc Therapy OR 
Intensity-Modulated Arc Therapies OR Therapies, Inten-
sity-Modulated Arc OR Therapy, Intensity-Modulated Arc 
OR Helical Tomotherapy OR Helical Tomotherapies OR 
Tomotherapies, Helical OR Tomotherapy, Helical) AND 
(Radiotherapy, Conformal [Mesh] OR Conformal Radio-
therapies OR Radiotherapies, Conformal OR Conformal 
Radiotherapy OR Radiotherapy Planning, Computer-As-
sisted OR Radiotherapy Dosage OR Radiotherapy Plan-
ning, Computer-Assisted OR 3D radiotherapy OR tridi-
mensional radiotherapy OR 3D RT OR 3DRT OR 3DCRT 
OR CRT OR 3D-CRT) OR (Conventional radiotherapy OR 
2D radiotherapy OR 2D RT OR 2DRT OR 2D-CRT OR 
standard radiotherapy OR two-dimensional radiotherapy).

Other guidelines at www.projetodiretrizes.org.br
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