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Summary

Purpose: To compare two hypofractionated radiation sched-
ules in early breast cancer concerning skin toxicity.

Methods: We retrospectively analyzed 80 patients (group
A) versus 54 (group B) who underwent hypofractionated ra-
diotherapy after breast conserving surgery. Group A received
42.75Gy in 15 fractions over 5 weeks (3 fractions/ week) plus
8.55Gy boost to the tumor bed (3 fractions). Group B received
45.05Gy (5 fractions/week) and 7.95Gy boost (3 fractions).
Multivariate logistic regression analysis (MVLRA) was con-
ducted for relevant parameters regarding RTOG/EORTC skin
toxicity.

Results: Median follow up was 60 months. Median age
was 75 years (group A) and 56 (group B). Mean values of

Introduction

Whole breast radiotherapy (RT) after conservative
surgery is a well-established standard in breast irradi-
ation [1,2]. However, many randomized trials, have re-
ported on the alternative clinical role of hypofraction-
ated radiotherapy confirming to be at least as safe and
effective [3-6]. On the other hand, in several countries,
RT resources are quite limited and/or restricted only

radio-dermatitis were significantly higher in group A vs B
until 3 months post RT (p<0.001 and p=0.002, respectively),
while 6 months thereafter toxicity was regressed without any
significant difference between groups. MVLRA showed a sig-
nificant (p<0.001) odds ratio for age (2.36, 95%CI:1.11-3.75)
and group A (1.31, 95%CI:1.12-1.49).

Conclusion: Schedule B would be preferable in younger
women in favor of toxicity. Schedule A could still be applied
in elderly patients, unavailable attending daily schedules,
with acceptable toxicity.

Key words: breast cancer, radiotherapy, hypofractionated,
skin toxicity, retrospective, comparative study

to large cities inducing long delays for RT treatment.
Several alternative RT schemes have been used
in order to simplify treatment modalities and offer a
wider access to patients. [7-29].
The aim of this study was to perform retrospec-
tively a comparative evaluation between two hypofrac-
tionated schedules in terms of acute and late toxicity.
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Methods

Research involving human participants

In terms of ethical approval, all procedures per-
formed in studies involving human participants were
in accordance with the ethical standards of the institu-
tional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards.

The study was approved by the local ethics
committee.

Through a multidisciplinary approach under a lo-
cal tumor board, we used hypofractionated schedules in
women with breast cancer, especially in those who are
unable to follow many RT sessions due to distant and
isolated areas of residence. In our retrospective study,
we analyzed the outcome of radio-dermatitis between
two hypofractionated schedules. Both hypofractionted
schedules as prospective studies have been approved
from the local ethical committee, while their clinical
outcome has also been reported in previous publications
[7,8].

The inclusion criteria for our analysis were stage
I-IT invasive carcinoma of the breast after lumpectomy,
with or without axillary lymph node dissection, with
a minimum follow up of 5 years. If there was indica-
tion for chemotherapy, the initialization of RT was at
least one month after. Patients with secondary cancer
or other radiation therapy on the thorax and neck or any
anatomically neighboring region were excluded from
the study. We finally evaluated patients’ data from May
2004 to May 2012. Under this scope, 80 patients in the
first schedule (group A) and 54 patients in the second
schedule (group B) were included in the analysis. Their
median age was 75 years in group A and 56 years in
group B. The patients’ characteristics are shown in Table
1. The incidence of diabetes mellitus was quite similar
between the two groups, by means of 11 out of 80 pa-
tients (13.7%) in group A and 7 out of 54 patients in
group B (12.9%).

Radiotherapy schedules

All patients underwent a treatment planning com-
puted tomography (CT) scan of 5mm slice thickness in
supine position and arms above the shoulder and im-
mobilized. All the data were transferred to the treat-
ment planning system (Plato Sunrise v. 2.7; Nucletron,
Veenedaal, Netherlands and Oncentra). The clinical tar-
get volume (CTV) was defined as the residual glandular
breast tissue (postlumpectomy). In the postlumpectomy
setting, imaging of surgical clips was particularly help-
ful to delineate the tumor bed. Adding another 1 cm
margin to account for set up error, the planning target
volume (PTV) was created. The heart, ipsilateral lung
and contralateral breast were outlined as organs at risk
(OAR). Radiation therapy was delivered by using a 6 MV
Oncor Impression linear accelerator, Siemens, Germany,
equipped with an 82 multileaf collimator (leaf thickness,
1 cm). Group A received 42.75 Gy in 15 fractions within 5
weeks, 3 fractions/week with 2.85Gy/fraction and a boost
of 8.55 Gy in 3 fractions [8]. Group B received 45.05 Gy
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to the whole breast in 17 fractions and 7.95 Gy boost to
the tumor bed in 3 fractions, in an every-day schedule
(Monday to Friday) [7].

The biological effective dose (BED) for normal tis-
sues was calculated using the following formula [30]:

BED=D [1+d/a/p]

where D is the total dose, d is the dose per fraction, a and
B are the coefficients for the linear and quadratic terms
in Linear Quadratic (LQ) model. We considered a/p=4 for
tumor, a/B=10 for acute skin toxicity and a/B=3 for late
skin toxicity [21].

Calculations of BED for tumor local control were
based on the following formula, taking into account for
repopulation [8]:

BED=D [1+d/a/B]-KT

where D is the total dose (51.3 Gy for group A, 53 Gy for
group B), d is the dose per fraction (2.85 Gy for group A,
2.65 Gy for group B), a/B=4. T is overall treatment time
(40 days for group A, 20 days for group B). The param-
eter K (Gy/day) is the biological dose per day required
to compensate for ongoing tumour cell repopulation,
calculated based on Tpot (potential doubling time) and
a radiosensitivity coefficient. Thus, K=In2 / aTpot. Ac-
cording to published data, Tpot=14 days and a=0.08 [31].

The dose was calculated at the isocenter accord-
ing to International Commission on Radiation Units and
Measurements (ICRU point). For quality assurance pur-
pose double exposure portal films were obtained weekly
and compared with the corresponding digitally recon-
structed radiograph from initial simulation. The dose
within the PTV ranged between 95% and 107% of the
isocentric dose, according to ICRU recommendations. In
all cases, the maximum radiobiological equivalent dose
to the heart, ipsilateral lung and contralateral breast
were according to the Quantitative Analyses of Normal
Tissue Effects in the Clinical Trial for the dose constrains
(QUANTEC: Quantitative Analyses of Normal Tissue Ef-
fects in the Clinic) [32].

Systemic therapy

Premenopausal patients with positive nodes were
treated with adjuvant chemotherapy, whereas postmeno-
pausal women received tamoxifen. Node-negative pa-
tients with tumors less than 2 cm in diameter required
adjuvant systemic therapy when high risk factors were
present.

Patient monitoring and follow up

The follow up was monthly for the first 3 months,
every 6 months for the next 2 years and yearly thereaf-
ter. The follow up evaluation included physical exami-
nation, bilateral mammograms and ultrasounds, blood
exams, CT scan of the thorax and ultrasound of abdomen
annually.

Data analysis

The combined RTOG/EORTC criteria [33] were em-
ployed to assess acute and late skin toxicity. The re-
currence was estimated in the treated field of radiation
therapy.
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In this study, the primary endpoint was to compare
the acute and late skin toxicity of the two schedules and
the secondary to estimate local recurrence rate.

Statistics

Pearson x? test for 2x2 tables was used to test rela-
tionships between categorical variables. Mann-Whitney
U non-parametric test was used for statistical compari-
sons between mean values. A p value less than 0.05 was
considered as significant. Logistic regression analysis
was performed for analyzing the contribution of age,
chemotherapy, hormonotherapy and irradiation schedule
(Group A vs B) to the development of radiation induced
acute skin-toxicity. Logistic regression analysis was
conducted in two steps. In step one, univariate logistic
regression analysis was estimated individually for each
possible factor. In step two, all significant factors from
univariate analysis were entered into a forward step-
wise multivariate analysis (likelihood ratio criterion, x?
model p for entry = 0.05). The whole statistical analysis
was performed using the SPSS 8.0 package (SPSS, Inc,
Chicago, IL).

Results

As shown in Table 1, the patient characteris-
tics regarding T, N stage, use of chemotherapy or
hormonal therapy, were homogeneous, with the
exception of median age, which was 75 years in
Group A and 56 years in Group B.

The calculated values of BED for either tumor
or acute and late responding normal tissues are
shown in Table 2.

The calculated BED for tumor control (a/B=4),
if we take into account for repopulation, in group
A-schedule was 63.9 Gy vs 71.6 Gy in group B [8].
This demonstrates that schedule B might be more
effective in favor of tumor control due to higher bi-
ologically effective dose delivered to the tumor bed.

By the calculation of BED for acute and late re-
sponding tissues (a/f=10 and a/p=3, respectively),
group A had quite similar and slightly lower toxic-
ity than schedule B.

Table 1. Patients’ characteristics. The two groups of patients were homogeneous with all relevant parameters except

age (last column for chi? test)

Group A Group B P

T1 56 39 0.85
T2 24 15

NO 59 44 041
N1 21 10

Hormonotherapy (yes/no) 52/28 27/27 0.11
Chemotherapy (yes/no) 53/27 44/10 0.076
Age, years (median) 75 56 0.003

Table 2. Calculated BED values for the two RT schedules

Tumor control (a/p=4)

Acute (a/p=10) Late (a/B=3)

63.9
71.6

Group A
Group B

65.92
67

100
99.8

Figure 1. A typical grade III (wet pigmentation) dermatitis in group A and in group B (figure 1A and 1B, respectively).
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Table 3. Non parametric test (Mann-Whitney) for mean toxicity score for group A vs group B, regarding several time
points as completion of RT and 1, 2,3,6, 12, and 24 months thereafter

Group A Group B p

Time point Mean (+SD) Mean (+SD)

Completion 1.79 (041) 0.43 (0.606) <0.001
1 month post RT 1.19 (0.48) 0.33 (0.70) <0.001
2 months post RT 0.79 (0.44) 0.13 (0.39) <0.001
3 months post RT 0.33 (0.47) 0.09 (0.29) 0.002
6 months post RT 0.16 (0.37) 0.09 (0.29) 0.246
12 months post RT 0.0 (0.0 0.04 (0.19) 0.084
24 months post RT 0.0 (0.0) 0.0 (0.0)

Table 4. Univariate and stepwise multivariate analysis for toxicity grading score at the completion of radiotherapy.

Model fit F=114.3, p<0.001, for two degrees of freedom

Univariate analysis

Multivariate analysis

Parameter Odds ratio (95% CI) p Odds ratio (95% CI) p
Age 2.64 (1.12-3.96) <0.001 2.36 (1.11-3.75) <0.001
Hormonotherapy (yes/no) 1.09 0.57

Chemotherapy (yes/no) 1.15 0.069 - -
Group A vs B 1.83(1.14-2.11) <0.001 1.31 (1.12-1.49) <0.001

Typical grade III dermatitis for group A and B
is shown in Figure 1. In Table 3, we have calculated
the mean toxicity score at several time points, as
at the completion of RT and 1, 2, 3, 6, 12, and 24
months after for the two groups. It is clear, how-
ever, that acute toxicity was lower in the Group B
patients, with significant difference at 6 months
post-RT time of follow up. Late toxicity was also
lower in group B, but without significant difference,
while practically no toxicity was reported 2 years
after RT, in both groups.

In Table 4, at the time of completion of RT, it
seems that in univariate as well as in multivariate
analysis, there was higher acute skin toxicity as-
sociated with the delivery of RT schedule for Group
A vs B. Older age was also demonstrated as an un-
favorable prognostic factor for acute dermatitis in
both univariate and multivariate analysis. Chemo-
therapy and hormonal therapy were not associated
independently with the severity of acute toxicity
in multivariate analysis.

There were no recurrences reported within the
treatment field for the two groups during the 5-year
follow-up.

Discussion
The contribution of adjuvant radiotherapy fol-

lowing breast-conservative therapies for breast
cancer is well established due to the results of
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various studies on breast cancer. No sub-group of
breast cancer patients, even those with low risk
disease, has been proved to be able to omit RT and
have no impact on local control and DSS [1] . Only
in women older than 70 year old with early stage-
ER positive breast cancer (stage I) could be treated
only using tamoxifen (CALGB9343) [34].

The conventional RT schedule used in clinical
practice is the delivery of 50 Gy in 25 fractions of
2Gy/fraction to the whole breast, in an every-day
session and additional boost of 10-16 Gy to the
tumor bed. In the phase III EORTC trial [35], the
delivery of boost dose improved local control, es-
pecially in younger women, after 20-year follow
up, at the cost of mild fibrosis. This study proposed
that the boost can be omitted in women older than
60 years. The multivariate analysis showed that
age less than 50 years is a factor that is constantly
associated with high risk of relapse in long-term
follow-up.

It is clear that the ability to apply hypofrac-
tionated schedules of radiotherapy in cancer pa-
tients contributes to patients’ convenience and
quality of life, as demonstrated in relative studies
[36]. Additionally, due to the reduction of treatment
time, hypofractionation contributes to the shrink-
ing of waiting lists and enables the treatment of a
larger number of patients with a given health-care
budget, equipment and personnel. It is therefore
cost- effective, while relevant studies suggested
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that it can result in an increased survival of breast
cancer patients in resource constrained economies
[37].

However, the adoption of hypofractionation
caused several considerations in the past, due to
the fear of an increase in late toxicity, by increasing
the daily dose, and of a potential increase of rates
of local recurrence by reducing the total dose [7].
In fact, by radiobiological aspect, a small increase
in the daily dose has only a small impact on tox-
icity, which can be determined by calculation of
biologically effective dose (BED) of adverse events
of normal tissues in correlation with BED which
is required for local control in breast cancer. This
has been calculated in various relevant studies [7,9]
and seems to be safe for surrounding tissues. Fur-
thermore, the local control with hypofractionation,
with a small reduction of the total dose, can be
equally effective as conventional fractionation for
tumors with an a/b value less or equal to the sur-
rounding normal tissues. Concerning breast cancer,
a/b value is considered to be around 4 [10,38-40].
Moreover, it has been suggested by Ray et al that
hypofractionation in breast cancer could improve
the therapeutic index [41].

The safety regarding the toxicity and efficacy
of hypofractionated schedules in breast cancer has
been widely studied with very satisfactory out-
comes, in terms of local control. Even the delivery
of an additional boost with hypofractionation, is
well tolerated with mild acute and late toxicity and
a good cosmesis, as it has been demonstrated in
recent studies of Sanz [42] and Yu et al [43]. A meta-
analysis of 13 studies and 8189 patients performed
by Valle et al concluded that hypofractionation
does not compromise local control or long-term
cosmesis, while it could even reduce acute toxicity
compared with conventional fractionation [44].

However, the ideal schedule of hypofraction-
ated radiotherapy is yet to be proven and a vari-
ety of different schedules has been tested in the
past. Starting from Whelan et al (ONTARIO Clini-
cal Group ) [11,12] to START A and B [4-6] studies
demonstrated the efficacy of hypofractionation in
local control and the reduction in telagiectasia and
oedema vs conventional schedules after 10-year
follow-up. Beyond FAST trial [45], there have been
many attempts to establish an ideal combination of
daily dose, total dose and overall treatment time.

In the present study, we conducted a retrospec-
tive comparison of two hypofractionated schedules
in a fairly homogeneous group of 134 patients. The
two groups of patients were homogeneous with all
relevant parameters (T, N stage, use of chemo- or
hormonal therapy), except age, as in group A the
median age was 75 years and in group B 56 years.

By calculating BED for tumor control (a/p=4)
for both groups, we could assume superiority of
group B, as BED was higher than in group A (71.6
vs 63.9), taking into account the repopulation. How-
ever, in our study, both groups demonstrated excel-
lent local control, as there was no relapse during
the follow-up period in any of the groups. Relevant
studies of hypofractionated schedules showed that
stage and hormonal status are factors significantly
associated with local recurrence in multivariate
analysis [2,45]. These factors have not been stud-
ied independently in our study in correlation to
local relapse, as there was no relapse reported, but
patient population was homogeneous with these
parameters. Probably, a longer follow-up would
lead to safer conclusions about local control.

By calculating BED for acute responding tis-
sues (a/B=10) for the two groups, as relevant to
probability of acute dermatitis (Table 2), we could
assume that group B would demonstrate equal or
slightly higher acute toxicity than group A (BED
67 vs 65.92, respectively). In fact, the results of our
study demonstrated the opposite. Acute toxicity af-
ter the completion of RT was lower in Group B than
in Group A patients, with statistically significant
difference. Beyond that, calculation of BED for late
responding tissues (a/B=3), as an indicator of late
toxicity, implies that this would be equal for both
groups (BED =100 for group A vs 99.8 for group B).
Yet, the results of our study demonstrated that also
late toxicity was lower in group B than in group A.
Finally, two years after RT, there was practically no
toxicity reported in both groups.

Could there be a reason for these unexpected
clinical results regarding toxicity in the two groups?
DeSantis et al tried to determine risk factors associ-
ated with acute and late toxicity of hypofraction-
ated RT in 537 patients who also received chemo-
therapy [46]. In univariate analysis, factors such
as delivery of a boost, diabetes and chemotherapy
were statistically significant for late fibrosis, but
the multivariate analysis demonstrated no associa-
tion with any factor. Acute toxicity was statistically
significantly higher in larger breast volume, dose
inhomogeneities and larger boost volumes in uni-
variate analysis, but in multivariate analysis, only
the delivery of a boost was a statistically significant
factor. This study concluded that only the delivery
of additional boost could be a predictor of toxicity
and that chemotherapy had no impact on acute or
late toxicity [46]. In our study, all patients in both
groups received additional boost dose at the tumor
bed ,even though breast and boost volumes were
not studied independently, and patient population
was homogeneous with delivery or not of chemo-
therapy in the two groups, while the incidence of
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diabetes differed and was slightly higher in group
A than in group B (13.7 vs 12.9%).Could this be an
explanation?

Additionally, in our study older age was clearly
associated with higher rates of acute dermatitis
in univariate and multivariate analysis. Since an
association between age and skin toxicity has not
been reported yet in the literature, in any multi-
variate analysis of hypofractionated breast RT, we
could assume that these results could be attrib-
uted to other relevant to older age factors, such
as diabetes. Diabetes has been reported as an un-
favorable prognostic factor for toxicity, especially
late subcutaneous fibrosis, in univariate [46] and
multivariate [47] analysis of hypofractionated RT.
The increasing incidence of diabetes among older
women , could explain the increasing toxicity we
reported among elderly patients in group A, even
though it was quite similar between the two groups
(13.7 vs 12.9%) and eventually has not been evalu-
ated independently in our study.

Ortholan et al reported that tumor size was a
significant factor for toxicity in multivariate analy-
sis. In our study, tumor size was not independently
studied as a factor related to toxicity, but our pa-
tient population was homogeneous with T stage
between the two groups [48].

Ciammella et al have also correlated the de-
livery of additional boost with late skin toxicity
and diabetes as statistically significant factors
associated with poor prognosis for late subcuta-
neous fibrosis (p=0.0283) [49]. Furthermore, ad-
juvant chemotherapy ( anthracycline-based ) was
a precursor for increased late subcutaneous tox-
icity and poor cosmetic outcome in multivariate
analysis (p=0.0409) in this study [47]. In our study,
chemotherapy and hormonal therapy were not as-
sociated independently with the severity of acute
toxicity in multivariate analysis. This is consistent
with other studies that demonstrate no impact of
chemotherapy on acute or late toxicity [46]. In our
study, chemotherapy was administered at least one
month before RT in both groups, not explaining the
increased toxicity in group A.

The fact that there is an obvious difference in
median age of the two groups of our study, could
be of clinical interest, when it comes to treatment
of elderly patients. Our study has proven accept-
able toxicity in the group A schedule of elderly
patients, even though worse than in group B. In
the literature, relevant hypofractionated schedules
have been reported in the treatment of breast can-
cer in older women [2,48,49]. The weekly delivery
of 6-6.5 Gy fractions to a total dose of 30-32.5 Gy
in women with median age 78 years, showed mild
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acute toxicity and acceptable late toxicity with
excellent long-term local control. This study [48],
after a 5-year follow-up concluded that such sched-
ules can be applied in elderly patients who have
difficulty attending every-day sessions due to old
age or comorbidity. Similar RT schedules have even
been proposed as radical treatment combined with
hormonal therapy in elderly women not fit for sur-
gery, with acceptable toxicity and local control [50].
Even in studies of nonagenarians (>90 years old),
hypofractionation is reported to have acceptable
toxicity [51].

Conclusion

In conclusion, we could support that the RT
schedule B is superior regarding acute and late
toxicity and therefore could be the best option in
irradiating younger women, where the group A
schedule could be an acceptable alternative treat-
ment for older women with difficulties attending
to every-day schedule (assuming they do not be-
long to the category of early-stage(I)- ER positive
breast cancer, aged > 70 years, who can omit RT
completely, according to current guidelines) [34].
Relevant studies, such as by Jagsi et al, have al-
ready reported that, even though hypofractionated
RT has been proven safe and efficient, it has been
adopted with increasing rates only in older women
with smaller tumors [52].

We should also keep in mind that, in clinical
practice, the treatment finally applied in older pa-
tients (>80 years old) often differs from the guide-
lines and there is connection between age and
guideline concordance, a fact that has been already
reported in a recent study [53]. This fact outlines
the need for further evaluation of parameters re-
garding quality and appropriateness of treatment
in older patients, as it is highlighted in this study.
What is beyond doubt is that both hypofraction-
ated schedules that have been proposed in the pre-
sent study, could contribute to the convenience of
patients, quality of life and could be proven cost-
effective, increasing the final percentage of breast
cancer patients treated, especially in resource-con-
strained economies.

It is still to be investigated whether older age
could be a prognostic factor for acute toxicity in hy-
pofractionated RT, as it is suggested by our results,
or whether this is only associated with comorbidi-
ties of elderly patients, such as diabetes.

Conflict of interests

The authors declare no conflict of interests.



Comparison or two hypofractionated RT-schedules for breast cancer

1321

References

1.

10.

11.

12.

13.

14.

DEGRO guidelines Breast Cancer Expert Panel of the
German Society of Radiation Oncology. DEGRO prac-
tical guidelines: radiotherapy of breast cancer I Ra-
diotherapy following breast conserving therapy for
invasive breast cancer. Strahlenther Onkol 2013;189:
825-33.

Dore M, Cutuli B, Cellier P, Campion L, Le Blanc M.
Hypofractionated irradiation in elderly patients with
breast cancer after breast conserving surgery and
mastectomy: Analysis of 205 cases. Radiat Oncol
2015;10:161.

Harnett A. Fewer fractions of adjuvant external beam
radiotherapy for early breast cancer are safe and ef-
fective and can now be the standard of care. Why the
UK’s NICE accepts fewer fractions as the standard of
care for adjuvant radiotherapy in early breast cancer.
Breast 2010:19;159-62.

The START ‘Trialists’ Group. The UK Standardisation
of Breast Radiotherapy (START) Trial B of radiotherapy
hypofractionation for treatment of early breast cancer:
a randomized trial. Lancet 2008;371:1098-107.

The START ‘Trialists’ Group. The UK Standardisation
of Breast Radiotherapy (START) Trial A of radiotherapy
hypofractionation for treatment of early breast cancer;
a randomized trial. Lancet Oncol 2008;9:331-41.

6. Haviland JS, Owen JR, Dewar JA et al. The UK
Standardisation of Breast Radiotherapy (START) tri-
als of radiotherapy hypofractionation for treatment of
early breast cancer:10-year follow-up result of two ran-
domized controlled trials. Lancet Oncol 2013;14;1086-
94.

Zygogianni AG, Kouloulias V, Armpilia C et al. The
potential role of hypofractionated accelerated radio-
therapy to cosmesis for stage I-II breast carcinoma: a
prospective study. JBUON 2011;16:58-63.

Kouloulias V, Gogalis I, Zygogianni A et al. A unique
hypofractionated radiotherapy schedule with 51,3Gy
in 18 fractions three times per week for early breast
cancer: Outcomes including local control, acute and
late toxicity. Breast Cancer 2017;24:263-70.

Kouloulias V, Zygogianni A. Hypofractionated radio-
therapy for breast cancer: too fast or too much? Transl
Cancer Res 2016;5:54.

Zygogianni A, Kouvaris J, Kouloulias V et al. Hypof-
ractionated accelerated irradiation for stage I-II breast
carcinoma: a phase II study. Breast ] 2010;S16;337-8.

Whelan T, Mackenziew R, Julian ] et al. Randomised
trial of breast irradiation schedules after lumpectomy
for women with lymph node-negative breast cancer. J
Natl Cancer Inst 2002;94:1143-50.

Whelan TJ, Pignol J-P, Levine MN et al. Long-term re-
sults of hypofractionated radiation therapy for breast
cancer. N EngL ] Med 2010;362;513-20.

Agrawal RK, Alhasso A, Barrett-Lee PJ et al. First re-
sults of the randomised UK FAST Trial of radiotherapy
hypofractionation for treatment of early breast cancer
(CRUKE/04/015). Radiother Oncol 2011;100:93-100.

Clark RM, Whelan T, Levine M et al. Randomised clini-
cal trial of breast irradiation following lumpectomy
and axillary dissection for node-negative breast cancer:

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

an update. Ontario Clinical Oncology Group. ] Natl Can-
cer Inst 1996;88:1659-64.

Lee SW, Kim Y], Shin KH et al. A comparative Study of
Daily-3Gy Hypofractionated and 1,8 Gy Conventional
Breast Irradiation in Early-Stage Breast Cancer. Medi-
cine (Baltimore) 2016;95 e3320.

Yamada Y, Ackerman I, Franssen E, MacKenzie RG,
Thomas G. Does the dose fractionation schedule in-
fluence local control of adjuvant radiotherapy for ear-
ly stage breast cancer? Int J Radiat Oncol Biol Phys
1999;44:99-104.

Olivotto IA, Weir LM, Kim-Sing C et al. Late cosmetic
results of short fractionation for breast conservation.
Radiother Oncol 1996;41:7-13.

Shelley W, Brundage M, Hayter C, Paszat L, Zhou S,
Mackillop W. A shorter fractionation schedule for post
lumpectomy breast cancer patients. Int ] Radiat Oncol
Biol Phys 2000;47:1219-28.

Fujii O, Hiratsuka J, Nagase N et al. Whole breast radio-
therapy with shorter fractionation schedules following
breast-conserving surgery: short-term morbidity and
preliminary outcomes. Breast Cancer 2008;15:86-92.

Livi L, Stefanacci M, Scoccianti S et al. Adjuvant
hypofractionated radiotherapy for breast cancer af-
ter conserving surgery. Clin Oncol (R Coll Radiol)
2007;19:120-4.

Yarnold J, Ashton A, Bliss J et al. Fractionation sensitivi-
ty and dose response of late adverse effect in breast after
radiotherapy for early breast cancer: long-term results
of a randomized trial. Radiother Oncol 2005;75:9-17.

Coles CE, Brunt AM, Wheatley D, Mukesh MB, Yar-
nold JR. Breast radiotherapy: less is more? Clin Oncol
2013;25:127-34.

Kirova YM, Campana F, Savignoni A et al. Institut
Curie Breast Cancer Study Group.Breast-conserving
treatment in the elderly: long-term results of adjuvant
hypofractionated and normofractionated radiotherapy.
Int J Radiat Oncol Biol Phys 2009;75:76-81.

Guenzi M, Giannelli F, Bosetti D et al. Two different
hypofractionated breast radiotherapy schedules for 113
patients with ductal carcinoma in situ: preliminary re-
sults. Anticancer Res 2013;33:3503-7.

Dragun AE, Ajkay NJ, Riley EC et al. First Results of a
Phase 2 Trial of Once-Weekly Hypofractionated Breast
Irradiation (WHBI) for Early-Stage Breast Cancer. Int J
Radiat Oncol Biol Phys 2017;98::595-602.

Jagsi R, Griffith KA, Boike TP et al. Differences in the
Acute Toxic Effects of Breast Radiotherapy of Frac-
tionation Schedule: Comparative Analysis of Physician-
Assessed and Patient-Reported Outcomes in a large
Multicentre Cohort. JAMA Oncol 2015;1:918-30.

Hou HI, Song YC, Li RY et al. Similar Outcomes of
Standard Radiotherapy and Hypofractionated Radio-
therapy Following Breast- Conserving Surgery. Med
Sci Monit 2015;21:2251-6.

Shaitelman SF, Schlembach PJ, Arzu I et al. Acute and
Short-Term Toxic Effects of Conventional Fractionated
vs Hypofractionated Whole-Breast Irradiation: A Ran-
domised Clinical Trial. JAMA Oncol 2015;1:931-41.

JBUON 2020; 25(3): 1321



1322

Comparison or two hypofractionated RT-schedules for breast cancer

29. De Felice F, Renalli T, Musio D et al Relation between 42. Sanz J, Rodriguez N, Foro P et al.Hypofractionated

30.

31.

32.

33.

34,

35.

30.

37.

38.

39.

40.

41.

Hypofractionated Radiotherapy, Toxicities and Out-
come in Early Breast Cancer. Breast 2017;23:563-8.

Fowler J. The linear quadratic formula and progress in
fractionated radiotherapy. Br J Radiol 1989;62:679-94.

Sanpaolo P, Barbieri P, Genovesi D, Fusco V, Gefaro GA.
Biologically effective dose and breast cancer conserva-
tive treatment: is duration of radiation therapy really
important? Breast Cancer Res Treat 2012;134:81-7.

Bentzen SM, Constine LS, Deasy JO et al. Quantita-
tive Analyses of Normal Tissue Effects in the Clinic
(QUANTEC): an introduction to the scientific issues.
Int J Radiat Oncol Biol Phys 2010;76:3-9.

Radiation Therapy Oncology Group, 2016. Acute ra-
diation morbidity scoring criteria. http://www.rtog.org.
[Assessed 12 June 20106].

Hughes KS, Schnaper LA, Bellon JR et al. Lumpectomy
plus tamoxifen with or without irradiation in women
age 70y or older with early breast cancer: long-term
follow-up of CALGB9343. ] Clin Oncol 2013;31:2382-7.

Bartelink H, Maingon P, Poortmans P et al. EORTC
Whole-breast irradiation with or without a boost for
patients treated with breast-conserving surgery for
early breast cancer: 20 year follow-up of a randomized
phase 3 trial. Lancet Oncol 2015;16:47-56.

Whelan T, Levine M, Julian J, Julian J, Kirkbride P,
Skingley P. The influence of breast size on late radia-
tion effects and association with therapy on quality
of life of women with breast cancer: results of a rand-
omized trial. Ontario Clinical Oncology Group. Cancer
2000;88:2260-6.

Khan AJ, Rafique R, Zafar W et al. Nation-Scale Adop-
tion of Shorter Breast Radiation Therapy Schedules can
Increase Survival in Resource Constrained Economies.
Results From a Markov Chain Analysis. Int J Radiat
Oncol Biol Phys 2017;97:287-95.

Rosenstein BS, Lymberis SC, Formenti SC. Biologic
comparison of partial breast irradiation protocols. Int
J Radiat Oncol Biol Phys 2004;60;1393-404.

Steel GC, Deacon JM, Duchesne GM, Horwitz A, Kel-
land LR, Peacock JH. The dose-rate effect in human
tumor cells. Radiother Oncol 1987;9:299-310.

Douglas BG. Implications of the quadratic survival
curve and human skin radiation “tolerance doses” on
fractionation and super-fractionation dose selection.
Int J Radiat Oncol Biol Phys 1982;8;1135-42.

Ray KJ, Sibson NR, Kiltic AE. Treatment of Breast and
Prostate Cancer by Hypofractionated Radiotherapy: Po-
tential Risks and Benefits. Clin Oncol (R Coll Radiol)
2015;27:420-6.

JBUON 2020; 25(3): 1322

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

boost after whole breast irradiation in breast carcino-
ma: chronic toxicity results and cosmesis. Clin Transl
Oncol 2017;19:464-9.

Yu E, Huang D, Leonard K, Dipetrillo T, Wazer D, Hepel
J. Analysis of Outcomes Using Hypofractionated Tumor
Bed Boost Combined with Hypofractionated Whole
Breast Irradiation for Early-stage Breast Cancer. Clin
Breast Cancer 2017;17:638-43.

Valle LF, Agarwal S, Bickel KE, Herchek AJ, Nalepinski
DC, Kapadia NS. Hypofractionated whole breast radio-
therapy in breast conservation for early-stage breast
cancer: a systemic review and meta-analysis of rand-
omized trials. Breast Cancer Res Treat 2017;162:409-17.

Arcadipane F, Franco P, De Colle C et al. Hypofractiona-
tion with no boost after breast conservation in early-
stage breast cancer patients. Med Oncol 2016;33:108.

De Santis MC, Bonfantimi F, Di Salvo F et al. Factors
influencing acute and late toxicity in the era of ad-
juvant hypofractionated breast radiotherapy. Breast
2016;29:90-5.

Ciammella P, Podgornii A, Galeandro M et al. Toxic-
ity and cosmetic outcome of hypofractionated whole-
breast radiotherapy: predictive clinical and dosimetric
factors. Radiat Oncol 2014;9:97.

Ortholan C, Hannoun-Levi JM, Ferrero JM, Largillier R,
Courdi A. Long-term results of adjuvant hyporaction-
ated radiotherapy for breast cancer in elderly patients.
Int J Radiat Oncol Biol Phys 2005;61:154-62.

Rovea P, Fozza A, Franco P et al. Once-Weekly Hypo-
fractionated Whole-Breast Radiotherapy After Breast-
Conserving Surgery in Older patients: A Potential
Alternative Treatment Schedule to Daily 3-Week Hy-
pofractionation. Clin Breast Cancer 2015:15;270-6.

Courdi A, Ortholan C, Hannoun-Levi JM et al. Long-
term results of hypofractionated radiotherapy and
hormonal therapy without surgery for breast cancer
in elderly patients. Radiother Oncol 2006;79:156-61.

Mery B, Assouline A, Rivoirard R et al. Portrait treat-
ment choices and management of breast cancer in
nonagenarians: an ongoing challenge. Breast 2014;23:
221-5.

Jagsi R, Falchook AD, Hendrix LH, Curry H, Chen RC.
Adoption of hypofractionated therapy for breast can-
cer after publication of randomized trials. Int J Radiat
Oncol Biol Phys 2014;90:1001-9.

Fang P, He W, Gomez DR et al. Influence of Age on
Guideline-Concordant Cancer Care for Elderly Pa-
tient in United States. Int J Radiat Oncol Biol Phys
2017;98:748-57.



