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ABSTRACT

The main objective of intensity modulated radiation therapy (IMRT) when used at any site is to allow maximal
sparing of the adjacent normal structures while attempting for dose escalation when required. In breast cancer

IMRT is being used for two main reasons; the first is to provide a better dose homogeneity and secondly to limit dose to adjacent normal
structures. Patients with larger breasts are more likely to benefit from IMRT. It has also been utilised for left-sided breast cancers to de-
crease cardiac dose; deep seated tumor bed or re-irradiation. Multiple studies have addressed the role of IMRT in early breast cancer after
breast conserving surgery. All studies report decreased incidence of acute toxicities which theoretically may translate into decreased skin
fibrosis and telangiectasia. The follow-up of these studies is too short to assess the tumour control and the quality of life.

Role of IMRT in early breast cancer

Radiation therapy after breast conserving surgery is the
standard of care for patients with early stage breast cancer.
The most commonly implemented plan uses two opposing
tangential fields targeting entire breast or chest wall while
attempting to minimize dose to the underlying lung within
the treatment portals. The goal of IMRT when used at any
site is the maximal sparing of the adjacent normal struc-
tures and to allow for dose escalation if required. In breast
cancer IMRT is being used for two main reasons; the first is
to provide a better dose homogeneity and secondly to limit
dose to adjacent normal structures, lung and heart. Patients
with larger breasts are more likely to have dose inhomo-
geneities and most likely to benefit from IMRT. It can also
be utilised for left-sided breast cancers to decrease cardiac
dose; deep seated tumor bed or re-irradiation.

There are multiple studies reporting the acute radiation
toxicity of IMRT . Vicini et al[1] reported a study of breast
IMRT on 281 patients and demonstrated a reduction in
acute skin reactions. The median breast volume receiving
110% of the prescribed dose was 0% . 56%patients experi-
enced RTOG Grade 0 or I acute skin toxicity; 43% devel-
oped Grade II and only 1% experienced Grade III toxicity.
The cosmetic results at 12 months was good/excellent in
99% patients. No skin telengiectasias, significant fibrosis,
or persistent breast pain was noted. McDonald et al[2] re-
ported cohort analysis on outcomes of IMRT (n = 121) and
conventional RT (3D RT) (n = 124). The median dose to the
whole breast was 50 Gy. IMRT resulted in reduced Grade
2 or 3 dermatitis compared with conventional RT (39% vs
52%, P = 0.047) at a median follow-up of 6.3 years. Harso-
lia et al[3] reported that the use of IMRT resulted in sig-
nificantly less acute grade 2 or more toxicity for dermati-
tis (41% vs 85%, P < 0.001), breast edema (1% vs 28%, P <
0.001), and hyperpigmentation (5% vs 50%, P < 0.001), as
compared to patients treated with conventional RT at a
median follow-up of 4.7 years. Freedman et al[4] studied a
matched-pair analysis of 131 patients who were treated us-
ing either breast IMRT or 2D wedge-based RT and found a
significant reduction in the rate of acute skin toxicity using
IMRT compared with the wedge-based treatment. Mor-
ganti et al[5] found that skin-related acute toxicites were re-
duced when standard wedged technique was compared to
IMRT technique (P < 0.05), despite with a lower total dose
in the IMRT group. Also IMRT technique allowed better
PTV coverage and reduced overall treatment time . Barnett
et al[6] reported the randomized trial demonstrating no

significant difference in the incidence of any acute toxicity
and development of any photographically assessed breast
shrinkage between the IMRT or standard RT groups .

There have been four large randomized trials that ad-
dressed the role of IMRT. Pignol et al[7]reported the re-
sults of a multi-centeric phase III trial in which 358 patients
were randomly assigned to receive either breast IMRT or a
standard wedge compensation treatment post breast con-
servation surgery. The primary end points of the study
were intensity of acute skin reaction or pain using the
National Cancer Institute Common Toxicity Criteria (NCI
CTC) version 2.0 and the occurrence of moist desquama-
tion. Breast IMRT significantly improved the dose distribu-
tion compared with standard wedged fields. IMRT signifi-
cantly reduced proportion of patients experiencing moist
desquamation with an absolute reduction of 16.6% (p=.002).
The use of breast IMRT (p =.003) and smaller breast size (p
=.001) were two factors found on multivariate analysis sig-
nificantly associated with a decreased risk of moist desqua-
mation. The use of IMRT did not correlate with pain and
quality of life.

Donovan et al [8] randomized 306 patients after BCS to two
groups; standard 2D wedge-based RT or to IMRT. All were
treated to a dose of 50 Gy in 25 fractions to whole breast
followed by a 10-Gy boost to the lumpectomy cavity with
electron beam. Forward-planned IMRT significantly re-
duced dose inhomogeneity compared to standard wedge-
based plans (19% vs 92%). The conventional arm patients
were 1.7 times more likely to have a change in breast ap-
pearance than the IMRT arm patients when evaluated us-
ing photographic assessment at 1, 2, and 5 years follow-
up. However, there were no significant differences in
outcome between two groups in any of other parameters,
including hardness , discomfort ,breast pain, body image,
or QOL. Barnett et al[6] randomized 815 patients of early
stage breast cancer to either standard wedged-based tan-
gential fields or IMRT. All patients were treated to a dose
of 40 Gy in 15 fractions. The patients in the standard RT
group were more likely to develop telangiectasia than
those in the IMRT group at follow-up of 2 years. In pa-
tients who had good baseline surgical cosmesis, those rand-
omized to IMRT were less likely to deteriorate to a moder-
ate or poor overall cosmesis than those in the standard RT
group. Mukesh et al[9] analysed tangential plans of 1,145
patients; 815 patients had inhomogeneous plans and were
then randomly assigned to standard radiotherapy (RT) or
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replanned with simple IMRT. Breast tissue toxicities were
assessed at 5 years by photographically and clinically .It
was observed that fewer patients in the simple IMRT group
developed suboptimal overall cosmesis and skin telangi-
ectasia. No difference was observed for breast shrinkage,
breast edema, tumor bed induration, or pigmentation.

IMRT has also been explored as a measure to reduce car-
diac doses in the treatment of left sided breast cancer. Ac-
tive Breathing Control enables a decrease of cardiac and
Left Anterior Descending (LAD) coronary artery dose. Mast
et al[10] compared 3D-CRT to IMRT treatment plans based
on free-breathing (FB)and breath-hold(BH) in 20 patients
IMRT resulted in a significant decrease of dose in the
heart and LAD-region in both BH and FB. Zhao et al[11]
compared Volumetric arc(VMAT) to various IMRT in 11
patients. They found that IMRT plan achieved good PTV
coverage and sparing of organs at risk besides for the heart
and coronary artery with fewer monitor units and shorter
delivery time.

Based on these studies it can be seen that utilizing IMRT,
better dose homogeneity can be achieved as compared to
standard two-field wedged technique; but as of now for-
ward planning remains the method of choice to modulate
beam and a reasonably good dosimetric parameters can be
achieved by this method. Well conducted randomized con-
trolled trial with a longer follow-up is required to analyse
the long term tumour control and quality of life.
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