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The potential of radiation therapy –  
hypo-fractionated radiation regimen in the 
treatment of early stages of breast cancer

Modern technologies of radiation therapy (RT) allow high precision tumour irradiation with a higher dose on the focus 
providing more intensive treatment and, in most cases, improving the outcome without the risk of increasing radiation 
complications. Patients are not interested to receive a longer and more expensive treatment what pro- motes finding better 
ways to solve the problem. Modern approaches to breast cancer treatment using accelerated RT regimens can reduce the 
frequency of relapses without increasing the frequency of late radiation injuries of normal tissues and poor cosmetic results of 
treatment vs. standard RT. The reduction of treatment from five to three weeks also reduces the economic costs. Accelerated 
hypo-fractionated RT regimens are convenient for patients receiving treatment in day hospitals and can be offered by the 
range of oncological and radiological institutions fitted with the relevant modern equipment.
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Introduction. The actual standards of combined or 
complex treatment of breast cancer (BC) include radiation 
therapy (RT) for up to 5 weeks. Patients dislike the long 
and costly radiation treatment what makes it necessary 
to find alternative ways of solving the problem. Modern 
RT technologies provide high precision of tumour irradia-
tion. It allows increasing the dose to the focus, scale up the 
treatment course and, in a majority of cases, raise the effi-
ciency without risk of growth of RT complications. Glob-
ally, standard RT as a component of combined treatment 
for early stages of BC envisages the delivery of a total focal 
dose (TFD) of 50 Gy, 2 Gy per fraction for 5 weeks. In addi-
tion to the standard RT, there are other methods of RT, like 
hypo-fractionation (HFR). In HFR, TFD is delivered by larg-
er fractions over a shorter period of time. Linear quadrat-
ic model is used to calculate the RT regimen. The studies 
of the model parameters permit an adequate prediction 
of response of the tumour and normal tissues to RT. A low 
α/β coefficient for BC [1] seems particularly interesting.

Large randomized studies have reviewed the different 
variations of single focal doses in BC RT from 2.66 to 3.3 Gy, 
with varying time of delivery. Such studies, as START Pilot, 
A, B, and OCOG, have analysed six HFR regimens and pro-
posed a convenient scheme for distinguishing the charac-
teristics inherent to various groups of studies. The accel-
erated HFR regimens were found to give a better tumour 
control at a less number of late radio-lesions. Accelerated 
HFR method with a single dose of 2.66 Gy during 16 frac-
tions [2-4] was the best among the studied options.

Another randomized study conducted in Canada in 
2002 showed that standard fractionation and HDF regi-
men of TDF 42.56 Gy during 16 fractions (2.66 Gy per frac-
tion) were equivalent both for local tumour control and 
cosmetic effect. In 2015, the new published data high-
lighted the possibility of safe use of HFR regimen. R. Jagsi, 
K.A. Griffith and other members of Consortium for Radio-
therapy Quality of Michigan (USA) have reviewed prospec-
tive data on early toxicity at different dose fractionation 
options [5,6]. Of 2309 patients included in the review, 578 
women received HFR RT. Throughout the treatment and 

during follow-up (up to 210 days), the doctors and pa-
tients have assessed the nature and degree of complica-
tions. In addition to an obvious convenience for patients 
(due to the reduction of the RT duration), the HFR regimen 
was also associated with lower risk of radiation dermatitis 
above 2nd degree (27.4% for HFR vs. 62.6% for tradition-
al fractionation, p < 0.001) and pain in irradiated mamma-
ry gland (24.2% for HFR vs. 41.1% for traditional fraction-
ation, p = 0.003) [7-9].

Aim of the study – to compare the outcome of RT in pa-
tients with BC stages I-IIb when using accelerated HFR and 
standard adjuvant RT regimen.

Objectives of the study:
1. To assess the frequency, nature and severity of early 

toxicity and late radio-lesions of normal tissues under the 
standard and accelerated HFR regimens of RT.

2. To evaluate the cosmetic outcomes of standard and 
accelerated HFR regimens of RT.

Materials and methods. The study included 50 pa-
tients with breast carcinoma who received RT in Kazakh In-
stitute of Oncology and Radiology in 2015-2017. The pa-
tients were aged 36 to 66 years: 30-39 years (n-1), 40-49 
years (n-20), 50-59 years (n-27), and 60-69 years (n-2). The 
median age was 53 years old. All the diagnoses were mor-
phologically confirmed. The BC was invasive by histotype 
(infiltrating carcinoma), st. I-IIB (pT1-2BpN0-1М0). All pa-
tients have undergone mastectomy or breast-conserving 
surgery.

All patients were randomized into 2 groups – con-
trol group (n = 25) and main group (n = 25). In the con-
trol group, the patients received RT with standard fraction-
ation – 2 Gy x 25 fractions up to TFD 50 Gy during 5 weeks. 
In the main group, the patients received HFR RT – 2.66 Gy x 
16 fractions up to TFD of 42.56 Gy during 3 weeks. 

The dose fluctuations in the borders of the breast were 
±7%; heart was completely excluded from the irradiation 
zone. The scope of irradiation included the entire mamma-
ry gland, postoperative bed, soft tissues of anterior thorac-
ic wall, and, if indicated, the regional subclavicular and/or 
axillary lymph nodes. 34 patients (68%) were irradiated on 
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Figure 1 - Histogram at hypo fractionation (HFR)

Table 1 – Hystografic results of applying HFR and standard RT fractionation

RT fractionation methods
Right lung Heart

Mammary gland Mammary gland and 
l/nodes Mammary gland Mammary gland and 

l/nodes

Hypo-fractionation (HFR) 7.598 Gy 11.149 Gy 0.368 Gy 0.5145 Gy

Standard RT 8.194 Gy 14.762 Gy 0.685 Gy 1.047 Gy

a linear accelerator by 6MB photons, other 16 patients (n-
32%) were irradiated on a higher energy accelerator.

44 patients (88.0%) received adjuvant chemotherapy 
(4 courses), of them 30 women (60.0%) received anthra-
cycline-type cytostatics, and the other 14 women (40.0%) 
received taxanes. 16 patients (32.0%) received hormone 
therapy with Fareston during RT.

The treatment efficiency criteria used for comparison 
included:

- frequency of loco-regional recurrence of BC depend-
ing on RT regimens;

- frequency, nature and severity of early toxicity and 
late radio-lesions of normal tissues of nearby organs (mam-
mary gland, lung on the affected side, heart) with standard 
and accelerated HFR and dynamic RT regimens;

- cosmetic outcomes of treatment with standard and 
accelerated HFR and dynamic RT regimens;

- analysis of long-term outcomes of treatment of pa-
tients depending on adjuvant RT regimens after surgical 
interventions due to cancer stages I-IIb.

The loco-regional recurrence was defined as the local re-
currence in the mammary gland or in the chest wall, or in 
previously irradiated regional subclavicular and/or axillary 
lymph nodes on the affected side. The dynamic local ex-
amination, ultrasound study and mammography were per-
formed according to indications. For a comparative visual 
assessment of the degree of the skin and soft tissues dam-
age in the zones of irradiation of breast and regional lymph 

nodes, the additional images were made and used after sur-
gery before irradiation, as well as in 1 and 3 years. The reac-
tions to irradiation were assessed by histograms.

Results and discussion. In the main group of patients 
who received HFR RT, the assessment of skin radiothera-
py reaction according to RTOG scale showed the presence 
of erythema of grade 1 only in 3 women (12.0%). In the 
group of standard RT fractionation, grade 1 erythema was 
found in 7 cases (26.0%), and grade 2 erythema – in 3 cas-
es (12.0%). In patients receiving HRF mode, the 2nd degree 
of skin RT reaction was not observed.

During HFR of breast and regional lymph nodes, the av-
erage TFD (according to the histograms) amounted to: on 
the right lung – 11.149 Gy, on the heart – 0.5145 Gy. In the 
patients with the exposure of only the mammary gland 
and/or the anterior thoracic wall, TFD amounted to: on the 
right lung – 7.598 Gy, on the heart area – 0.368 Gy. 

In standard fractionation, in cases of exposure of the mam-
mary gland with regional lymph nodes, the average TFD ac-
cording to histograms amounted to: on the right lung – 14.762 
Gy, on the heart area – 1.047 Gy. In case of exposure of only 
the mammary gland and/or the anterior thoracic wall, TFD was 
equal to 8.194 Gy, TFD on the heart area was 0.685 Gy.

Thus, the histograms showed that HFR method al-
lowed reducing the TFD on the lungs and heart and also 
facilitated the decline of early radiation complications of 
the skin and subcutaneous tissues from 48.0% to 42.0% 
(Table 1, Figures 1, 2).
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Figure 2 - Histogram at standard fractionation

Conclusions. The local-regional results in patients with 
BC after HFR do not differ from the results of standard (tra-
ditional) RT fractionation. HFR method also provides a bet-
ter cosmetic effect in this group of patients due to a re-
duced risk of evident post-radiation dermatitis. Besides, 
many operated patients with BC can receive full RT treat-
ment in a shorter period of time (3 weeks vs. 5 weeks of RT 
in standard regimen). It is more convenient for the patients 
and reduces the total costs. The studies continue, and their 
results might change the attitude to standard RT recom-
mendations. Accelerated HFR regimens are convenient for 
patients treated in day-patient hospitals and can be of-
fered by the range of oncological and radiological institu-
tions fitted with the relevant modern equipment.
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