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Abstract To compare three fractionation schedules in post-
mastectomy patients treated with radiotherapy as regard
acute and early late effects as well as local recurrence rates.
One hundred and seven breast cancer patients treated with
modified radical mastectomy and adjuvant radiotherapy =+
adjuvant systemic treatments between November 2001 and
July 2004 were enrolled in this study. Patients were cate-
gorized into three groups. Group A (41 patients) received
conventional fractionation 50 Gy over 25 fractions. Group B
(36 patients) received other fractionation regimen 45 Gy
over 17 fractions. Group C (30 patients) received 40 Gy over
15 fractions. The median follow-up period was 23 months.
There has been no statistical significant difference in
local control (P = 0.88), pain (P = 0.98), telangectasis
(P = 0.23), fibrosis (P = 0.13), arm oedema (P = 0.96) or
pigmentation (P = 0.80) between the three groups. GII-III
Erythema was significantly higher in the two hypofraction-
ation arms compared to the control arm (P = 0.001).
Although acute skin reactions were higher in the hypofrac-
tionated arms, there was no significant difference in the local
recurrence rates or late radiation effects. A national ran-
domized multicentre study is recommended to explore this
further.
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Introduction

Conservative breast surgery followed by adjuvant radio-
therapy in early-stage breast cancer is currently considered
standard treatment [ 1, 2]. Many centres in Egypt have not yet
adopted this approach and continue to perform modified
radical mastectomy. Also, most of these patients received
post-mastectomy radiotherapy though in some cases it might
not be indicated. It is also worth to note that some recent
reports still show an advantage for post-mastectomy radio-
therapy even in T1-2 NO disease [3]. Increasing the number
of cancer centres treating with radiotherapy in Egypt over the
past decade has not accommodated the increasing number of
patients requiring radiotherapy treatment. This has resulted
in increased waiting times to start radiotherapy for patients
with breast cancer.

Hypofractionation regimens are particularly useful in
solving such problems. However, a high dose per fraction
is known to cause some unacceptable late effects. Although
this may be of concern regarding the cosmoses after breast
conservative surgery, it still carries a potential risk for soft
tissue, ribs, lung, heart and brachial plexus as damage to
these structures may not be clinically apparent for
10-20 years [4]. Using 50 Gy in 25 fractions of 2 Gy/
fraction is considered to be the standard and the most
commonly used regimen; however, many authors have
described many different fractionations [5, 6].

Daily radiotherapy treatment over several weeks can be
inconvenient for patients particularly in Egypt where
patients often live quite a distance from the cancer treatment
centres. Due to cultural habits, they are usually accompanied
by members of the family thus creating more of a burden on
the family during the long periods of radiotherapy.

The use of shorter fractionation schedules was reported
in Britain and Canada [5, 7], for example 40 Gy in 16
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fractions [8, 9], and others have used 42.5 Gy in 16 frac-
tions over 22 days [10], 32.5 Gy in 5 fractions over
22 days [11] and 45 Gy in 17 fractions.

The UK START Trial published in 2008 comparing
50 Gy/25 fractions to 40 Gy/15 fractions has shown that
40 Gy in 15 fractions seems to offer rates of local-regional
tumour relapse and late adverse effects at least as favour-
able as the standard schedule of 50 Gy in 25 fractions [12].

The aims of this pilot study were to assess two hypo-
fractionation regimens compared with standard fractionation
in the Egyptian patient population taking into consideration
the differences in race and the subsequent effect in skin
colour and tolerance to radiation, which might produce dif-
ferent outcomes from those results published in the Western
population. The hypofractionation chosen were 45 Gy in 17
fractions and 40 Gy in 15 fractions to be compared with the
standard 50 Gy in 25 fractions.

Patients and methods

Between November 2001 and July 2004, 107 breast cancer
patients treated with modified radical mastectomy and
adjuvant radiotherapy + adjuvant systemic treatments
were enrolled in this study. It was difficult to randomize
patients in the pilot study as many patients were aware of
the standard treatment arm, and receiving shorter frac-
tionation was not acceptable to them. This, therefore, is a
comparative study not a randomized trial.

All patients had to have a diagnosis of invasive breast
cancer that had been treated with modified radical mastec-
tomy with at least 5-mm resection margin from the tumour.
The TNM Staging was reported according to the AJCC
Staging in 1997 with no correction according to the recent
modification of AJCC.

Patients who required supraclavicular lymph node or
axillary irradiation were also included, making this study
slightly different from the previous reports that excluded
such patients [13].

Patients were categorized into three groups. Group A
(41 patients) receiving conventional fractionation 50 Gy
over 25 fractions; group B (36 patients) receiving the
hypofractionation regimen 45 Gy over 17 fractions; group
C (30 patients) receiving 40 Gy over 15 fractions.

Radiotherapy treatment

Patients received their treatment on a linear accelerator
6MV or Cobalt®® machine. Patients were treated in the
supine position with breast board and arm support. The
target volume included the chest wall with or without
axillary and supraclavicular lymph nodes. For the chest
wall, margins were defined as the midline medially,

midaxillary line laterally, the inferior aspect of the clavicle
head superiorly and 2% cm inferior to the opposite infra
mammary fold inferiorly. The lung volume included in the
field did not exceed 3 cm. A dose distribution was gener-
ated using a single midplan contour, which was obtained
with a single CT slice in the middle of the field; wedges
were used when necessary to optimize the dose homoge-
neity within the treatment volume. The field margin for the
supraclavicular treatment extended from the midline
medially to half way over the humeral head laterally with
protection of the humeral head and from the inferior aspect
of the clavicle head inferiorly to 5 cm above the superior
aspect of the clavicular head superiorly. The field was
angled at 10 degrees to avoid spinal cord irradiation.
Radiotherapy was given as two tangential fields as well as
an anterior axillary and supraclavicular field in 29/41,
27/36 and 20/30 patients in groups A, B and C, respec-
tively, while two tangential fields only were used in 12/40,
9/36 and 10/30 patients in groups A, B and C, respectively.

Adjuvant systemic treatment

In group A 31/41 patients received adjuvant hormonal
treatment compared to 25/36 and 24/30 patients in groups
B and C, respectively, whereas adjuvant chemotherapy was
given to 30/41 patients in group A and 24/36 and 20/30
patients in groups B and C.

Neoadjuvant chemotherapy to downstage the tumour
was given in two patients in group A and one patient in
each of groups B and C.

Follow-up

Follow-up of patients was carried out weekly during
radiotherapy and up to 2 weeks after the end of the course.
After that patients were seen every 3-6 months. The
median follow-up period was 23 months. The primary end-
points were both early and late reactions. The secondary
end-point was ipsilateral tumour recurrence.

An IBM compatible computer using SPSS program
version 12.0 under Windows accomplished data entry,
analysis and graphical design.

Differences between groups were tested using chi-
square test ()(2) for qualitative data and ANOVA (F) test
for quantitative data.

Analysis of data was performed using the 0.05 as sig-
nificance level and the 0.01 as highly significant.

Results

The data of 107 patients participating in this trial were
analysed. The age range for group A was 25-67 years with
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52 as an average age, whilst for groups B, it was
29-63 years with an average of 54 and 31-61 years with
average of 51 for group C.

The patient, tumour and treatment characteristics are
given in Table 1.

The three groups were well balanced as regards age,
menopausal status, tumour grade, hormone receptor status
and systemic treatment given. Thus, observed differences
in the local control or in the treatment related reactions
could be attributed to the fractionation regimen (P > 0.5
for all parameters between the three groups).

At 7-year follow-up, local recurrence has been reported
in three patients in group A, one patient in groups B and

two patients in group C; this was not statistically significant
(P = 0.86). Four patients died in group A, two patients
died in group B, and three patients were reported dead in
group C. This difference between the groups was not sta-
tistically significant (P = 0.83).

Acute reactions

Erythema was the only acute reaction observed. Grade II
erythema was seen in two patients (5%), ten patients (28%)
and nine patients (30%) in groups A, B and C, respectively.
However, grade III erythema was only noticed in two
patients in each of groups B and C. The difference in

Table 1 The patient, tumour

A Group A Group B Group C P value
and treatment characteristics (41 patients) (36 patients) (30 patients)
Age

Average = SD 52 £9.6 54 £+ 8.8 51 £ 8.8 0.49

Range 25-67 29-68 31-66 0.69
Menopausal

Premenopausal 17 13 14

Postmenopausal 24 23 16 0.71
T stage

T, 1 2%) - -

T, 37 (90%) 32 (89%) 28 (93%)

Ts 3 (7%) 4 (11%) 2 (7%) 0.91
N stage

NO 7 (17%) 5 (14%) 4 (13%)

N1 30 (73%) 29 (18%) 25 (83%)

N2 4 (10%) 3 (8%) 1 3%) 0.75
Histology

Ductal 37 (90%) 34 (6%) 27 (10%)

Lobular 4 (10%) 2 (6%) 3 (10%) 0.56
Grade

I 5 (12%) 2 (6%) 1 3%)

1I 31 (76%) 28 (77%) 26 (87%)

1 5 (12%) 6 (17%) 3 (10%) 0.85
Hormonal receptor status

ER or PR +ve 26 (63%) 24 (67) 18 (60%)

ER and PR —ve 10 (24%) 9 (25%) 10 (33%)

Unknown 5 (12%) 3 (8%) 2 (7%) 0.66
Adjuvant hormonal

Yes 31 (76%) 27 (75%) 20 (67%)

No 10 (24%) 9 (25%) 10 (33%) 0.61
Adjuvant chemotherapy

Yes 30 (37%) 24 (67%) 24 (80%)

No 11 (27%) 11 (31%) 6 (20%)
Chemotherapy and hormonal therapy 20 (49%) 17 (47%) 14 (47%) 0.98
Neoadjuvant chemotherapy

Yes 2 (5%) 3 (8%) 1 3%)

No 39 (95%) 33 (92%) 29 (97%) 0.66
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:;l;lr(:) jp Reaction to radiation Group A Group B Group C P value
(41 patients) (36 patients) (30 patients)
Acute reactions
Erythema G I 28(68%) 21(58%) 17(66%) 0.001
GII 2(5%) 10(28%) 9(30%)
G I - 2(6%) 2(7%)
Late reactions
Pain (GII-GIII) 5(12%) 9(25%) 10(33%) 0.1
Telangiectasis (II-11I) 4(10%) 8(22%) 7(23%) 0.23
Fibrosis (GII-GIII) 7(17%) 12(33%) 11 (37%) 0.13
Arm oedema (II-III) 6(15%) 6(17%) 5(17%) 0.96
Pigmentation (IT) 7(17%) 5(14%) 6(20%) 0.8
erythema was statistically significant between groups A 40
and B (P = 0.006) and groups A and C (P = 0.003) but ] @ Fibrosis Ll 35
not between groups B and C (P = 0.988). P @Pain
There was no significant correlation between erythema E;f:r;%zc;':a_ %
and other patient, tumour or treatment characteristics. m Pigmentation | | 25
20 2
Late reactions 15
1. Fibrosis: Grades II-III was noticed in seven patients 10
(17%) in group A and twelve patients (33%) and ele- 5
ven patients (37%) in groups B and C, respectively. 0
GROUP3 GROUP2 GROUP1

2. Pain: Grades II-III was reported in five patients (12%),
nine patients (25%) and ten patients (30%) in groups
A, B and C, respectively.

3. Telangectesia: Grades II-III was only seen in four
patients (10%) in group A, eight patients in group B
(8%) and seven patients (7%) in group C.

4. Arm oedema: Grades II-III occurred in six patients
(15%), six patients (17%) and five patients (17%) in
groups A, B and C, respectively.

5. Pigmentation: Hypo- or hyperpigmentation was seen
in seven patients (17%) in group A, five patients (14%)
in group B and six patients (20%) in group C.

Table 2 illustrates the different acute and late reactions.
Treatment interruption

Radiotherapy treatment interruption did not occur in group
A, while it was necessary in three patients in each of
groups B and C (3%) (Fig. 1).

Discussion

In the adjuvant treatment for breast cancer, the total dose of

radiation required to eradicate microscopic disease is
40-50 Gy in 15-25 fractions. This dose may be increased

Fig. 1 The incidence of late complications among the studied groups

for macroscopic disease or for areas at higher risk of
recurrence such as excision areas after breast conservative
surgery. It is generally accepted that fraction size signifi-
cantly over 2 Gy may lead to an increase in delayed side
effects observed depending on tissue type, volume and total
dose [14].

Among the various fractionation options that have been
evaluated in patients with breast cancer, we have chosen
40 Gy given over 15 fractions and 45 Gy given over 17
fractions as an alternative to the standard 50 Gy given over
25 fractions, making a 3-arm study.

There are number of factors which are known to be
associated with an increased risk of local recurrence in
patients with breast cancer other than the total dose and
fractionation of radiation administered. Patient character-
istics such as age and menopausal status have been related
to breast relapse in some published series. Tumour char-
acteristics such as histology, grade, multifocality, lym-
phatic space invasion, hormone receptor status and the
presence of extensive intraductal disease within and around
the invasive tumour, particularly if the resection margins
are positive, have all been associated with risk of breast
relapse [15-18].
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The number of studies evaluating different fractiona-
tions after mastectomy is limited.

In a study reported by Wu et al. [18], 149 patients were
given conventional radiotherapy 50 Gy in 25 fractions over
5 weeks, compared with 177 patients who received 45 Gy
in 15 fractions over 5 weeks. Another 40 patients were
treated with 23 Gy in 4 fractions over 17 days. Although
this study did not report the radiotherapy reactions, it found
no significant difference as regards local control, 5-year
survival or 5-year disease-free survival between the 3
fractionations. The locoregional failure rates were 2.7%,
2.8% and 2.4% for the three groups [18].

In another study reported by Goel et al. [19], two frac-
tionation regimens were examined in 108 breast cancer
patients who underwent modified radical mastectomy.
Patients received either 40 Gy in 17 fractions over 3.2 weeks
or 45 Gy in 20 fractions over 4 weeks. There was no sig-
nificant difference in local control between the two arms with
local failure rate of 13% in the 40 Gy in 17 fractions arm and
12.6% in the 45 Gy in 20 fractions arm [18].

Our study demonstrated no significant difference in
disease-free survival or overall survival between the
groups; however, it is very early to make a conclusion
about these parameters at this stage. Further longer follow-
up is needed to make a conclusion in this patient
population.

In post-conservative breast surgery radiotherapy, the
Canadian study by Whelan et al. compared 50 Gy in 25
fractions to 42.5 Gy in 16 fractions over 22 days. The
study did not demonstrate any significant difference in
cosmesis or local recurrence between both groups.
According to this trial, in June 2003, the National Surgical
Adjuvant Breast and Bowel Project in Canada has per-
mitted the Canadian formulation as an acceptable alterna-
tive to the more traditional 50 Gy in 25 fractions [10, 20].

Another retrospective Canadian study published by
Shelley et al. [13] using 41 Gy in 16 fractions daily with no
boost has also reported a 5-year breast relapse rate of 3.5%
with an overall 5-year survival and breast cancer—specific
survival of 87.8 and 92.1 months, respectively. This cor-
relates well with known figures for conventional fraction-
ation [13].

A German randomized trial from Vancouver studying
186 lymph node-negative patients treated with 44 Gy in 16
fractions (2.75 Gy per fraction) also reported a 6% recur-
rence rate with a follow-up of 6.7 years [21].

A French trial reported by Ortholan et al. [11] used
hypofractionation radiotherapy with once weekly fractions
up to 5 fractions of 6.5 Gy per fraction to a total dose of
32.5 Gy following surgery. With a median follow-up of
65 months, the long-term local recurrence rate was 2.3%
and 5-year disease-free survival was 80% and 5-year
overall survival was 71.6% [11].

@ Springer

Yoshiya et al. [22] reported in matched pair analysis of
early-stage invasive breast cancer treated adjuvantly with
two different fractionation schedules, 40 Gy over 16 frac-
tions were compared to 50 Gy over 25 fractions in 118
patients. The local recurrence rate at 5 years for those
treated with 40 Gy was 20.7% and those treated with
50 Gy was 6.8%, respectively, and the difference was not
statistically significant. Overall survival was 84% at
5 years for both groups [22].

As regards acute radiation reaction, it is extremely dif-
ficult to compare results between trials that have addressed
this issue. The different fractionation regimens and scores
used in assessing reactions as well as different end-points
considered in each trial give an unclear picture of the acute
reactions.

In our study there has been significant difference
between the three groups regarding erythema with GII-III
more encountered in groups B and C (P = 0.002).

In a study published by Lopez et al. [23], the acute
radiation toxicity using a standard fractionation of 50 Gy
over 25 fractions reported erythema in 91.7%, dry des-
quamation in 29.6% and moist desquamation in 35.2% of
108 patients studied [22]. The frequency of acute reactions
becomes more intense when using electron beam. Spierer
et al. [24] reported that 52% of their 118 patients developed
acute grade 3-4 skin toxicity, with a treatment break
required in 33 patients [24].

In the study by Ortholan et al. [11] using 32 Gy in a
once weekly 6.5 fractions in an elderly patient population,
the erythema noted was mild and observed in less than 30%
of patients. These values were lower than those expected
after standard breast radiotherapy fractionation and even
lower than that observed in other small series that used a
similar once weekly regimen [25].

In an Egyptian study published by Taher et al. [26]
comparing two fractionations regimen 50 Gy over 25 frac-
tions versus 42.5 Gy over 16 fractions in patients with breast
cancer who had undergone breast conservative surgery, there
was no significant difference between both groups regarding
the acute skin reactions observed (P = 0.47).

Shaid etal in a Pakistanin trial has randomized three
hundred patients into three arms after mastectomy as fol-
lows: Arm A received 27 Gy in 5 fractions (1 week);
35 Gy in 10 fractions (2 weeks), arm B; and 40 Gy in 15
fractions (3 weeks), arm C. Acute skin reactions in arm A
were significantly worse in arm A compared to the other
two arms (37 versus 28 and 14%, respectively) [27].

Regarding late reactions; in our study, there was no
statistically significant difference between the three groups
regarding pain, telangectasia, fibrosis, arm oedema or
pigmentation. Although there was a trend for pain to be
more prevalent in groups B and C, where 9 (25%) and 10
(33%) of patients in both groups, respectively, developed
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grade II-III pain compared to 5 patients representing 12%
only in group A.

This finding is in agreement with other similar studies
reported by Goel et al. [19] and Marcenaro et al. [28] that
used different fractionation schedules. It is also worth
noting that adding 10 Gy boost to the whole breast radio-
therapy with 50 Gy in 25 fractions is associated with
increased intensity of telangectasia (reported by Romesta-
ing et al. [29]). Also observed by Hoellar et al. [30]. who
used 55 Gy to the whole breast.

In the UK START trial, there has not been any signifi-
cant difference among the trial arms regarding patient-
reported breast, arm, and shoulder symptoms and body
image after radiotherapy for early breast cancer at 5-year
follow-up [31].

It is also of importance to note that in many studies,
quantitative measures of late cutaneous effects have been
used such as skin thickness by ultrasound [32, 33] skin
erythema by optical means [34] and skin water content by
dielectric constant [35]. Recently, Gorodetski et al. [36]
studied the variations of skin viscoelasticity with a dedi-
cated device [36].

It has also been reported that changing the scoring
system from the RTOG/EORTC to the LENT/SOMA
scores to assess late skin toxicity has led to an increased
rate of observed toxicity [30].

Conclusion

Our study demonstrates the feasibility of delivering a hyp-
ofractionation radiotherapy protocol to Egyptian patients
with breast cancer following mastectomy. Local breast
cancer recurrence rates and late radiation effects are similar
to those of the Western populations, but there is a significant
increase in acute skin reactions. A national randomized
multicentre study is needed to examine this in detail before
drawing conclusions about shifting to hypofractionation
regimen in the adjuvant treatment for breast cancer. The
discrepancy between our results and international results
regarding the acute reactions with hypofractionation needs to
be further studied.
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References

1. Bartelink H, Garavaglia G. Quality assurance in conservative
treatment of early breast cancer. Report on a consensus meeting
of the EORTC radiotherapy and breast cancer cooperative groups
and the EUSOMA. Radiother Oncol. 1991;22:323-6.

10.

12.

13.

15.

16.

17.

18.

19.

20.

. Morrow M, Strom E, Basset L, et al. Standard for breast con-

servation therapy in the management of invasive breast carci-
noma. CA Cancer J Clin. 2002;52:277-300.

. Voordeckers M, Vande Steene J, Vinh-Hung V, et al. Adjuvant

radiotherapy after mastectomy for pT1-pT2 node negative(pNO)
breast cancer: is it worth the effort? Radiother Oncol. 2003;68:
227-31.

. Johansson S, Sevensson H, Denekamp J. Time scale of evolution

of late radiation injury after postoperative radiotherapy of breast
cancer patients. Int J Radiat Oncol Bio Phys. 2000;48:745-50.

. Whelan T, Marcellus D, Clarck R, et al. Adjuvant radiotherapy

for early breast cancer: pattern of practice in Ontario. CAMAJ.
1993;149:1273-7.

. Yarnold J, Price P, Steel G. Non surgical management of early

breast cancer in the United Kingdom: radiotherapy fractionation
practices. Clinical Audit sub-committee of the Faculty of Clinical
Oncology, Royal College of Radiologist, and the Joint Council
for Clinical Oncology. Clin Oncol. 1995;7:223-6.

. Priestman TJ, Bullimore JA, Godden TP, et al. The royal college

of radiologist fractionation survey. Clin Oncol. 1989;11:39-46.

. Clark RM, McCulloch PB, Levine MN, et al. Randomized clinic

trial to assess the effectiveness of breast irradiation following
lumpectomy and axillary dissection for node-negative breast
cancer. J Natl Cancer Inst. 1992;84:683-9.

. Clark RM, Whelan T, Levine M, et al. Randomized clinical trial

of breast irradiation following lumpectomy and axillary dissec-
tion for node-negative breast cancer: an update. J Natl Cancer
Inst. 1996;88:1659-64.

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

. Ortholan C, Hannoun-Levi JM, Ferrero JM, et al. Long-term results

of adjuvant hypofractionated radiotherapy for breast cancer in
elderly patients. Int J Radiat Oncol Bio Phys. 2005;61:154-62.
Bentzen SM, Agrawal RK, Aird EG, et al. The UK standardisa-
tion of breast radiotherapy (START) Trial B of radiotherapy
hypofractionation for treatment of early breast cancer: a ran-
domised trial. Lancet. 2008;V371:1098-107.

Shelley W, Brundage M, Hayter C, et al. A shorter fractionation
schedule for post lumpectomy breast cancer patients. Int J Radiat
Oncol Bio Phys. 2000;47:1219-28.

. Rodger A. Fears over radiotherapy fractionation regimens in

breast cancer. Proposed UK trial needs to define techniques as
well as numbers of treatments. BMJ. 1998;317(7152):155-6.
Fourquet A, Campana F, Zafrani B, et al. Prognostic factors of
breast recurrence in the conservative management of early breast
cancer: a 25 years follow-up. Int J Radiat Oncol Biol Phys.
1989;17:719-25.

Kurtz JM, Jacquemier J, Amarlic R, et al. Risk factors for breast
recurrence in pre menopausal and post menopausal patients with
ductal cancer treated with breast conservation therapy. Cancer.
1990;65:1867-78.

Touboul E, Buffat L, Belkacemi Y, et al. Local recurrence and
breast metastasis after breast conserving surgery and radiation
therapy for early breast cancer. Int J Radiat Oncol Biol Phys.
1999;43:25-138.

Wu JX, Hui ZG, Yu ZH. Post mastectomy radiotherapy with
different fractionated dose schemes in early breast cancer
(Abstract). Zhonghua zhong Liu Za Zhi. 2003;25:285-8.

Goel A, Kaushal V, Hooda HS, et al. Comparison of two-radia-
tion dose schedules in post mastectomy carcinoma of the breast.
Indian J Med Sci. 2000;54:278-83.

Whelan T. As presented at American College of Surgeons
Oncology Group, Breast Section, Montreal, Canada, June 5,
2003.

@ Springer



2576

Med Oncol (2012) 29:2570-2576

21.

22.

23.

24.

25.

26.

27.

28.

29.

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

Yoshiya Y, Ida A, Edmee F, et al. Does the dose fractionation
schedule influence local control of adjuvant radiotherapy for
early stage breast cancer? Int J Radiat Oncol Bio Phys. 1999;
44:99-104.

Lopez E, Guerrero R, Nunez M, et al. Early and late skin reac-
tions to radiotherapy for breast cancer and their correlation with
radiation induced DNA damage in lymphocytes. Breast Cancer
Res. 2005;7:690-8.

Spierer MM, Hong LX, Raouel T, et al. Post mastectomy CT-
based electron beam radiotherapy: dosimetry, efficacy and tox-
icity in 118 patients. Int J Radiat Oncol Bio Phys. 2004;60:
1182-9.

Rostom AY, Pradhan DG, White WF. Once weekly irradiation in
breast cancer. Int J Radiat Oncol Biol Phys. 1987;13:551-5.
Taher A, El-Baradie M, Essa H, et al. Hypofractionation versus
conventional fractionation radiotherapy after conservative treat-
ment of breast cancer: early skin reactions and cosmetic results.
J Egypt Nat Cancer Inst. 2004;16:178-87.

Shahid A, Athar MA, Asghar S, et al. Post mastectomy adjuvant
radiotherapy in breast cancer: a comparison of three hypofrac-
tionated protocols. J Pak Med Assoc. 2009;59(5):282-7.
Marcenaro M, Sacco S, Pentimalli S, et al. Measures of late
effects in conservative treatment of breast cancer with standard or
hypofractionated radiotherapy. Tumori. 2004;90:586-91.
Romestaing P, Lehingue Y, Carrier C, et al. Role of a 10-Gy
boost in the conservative treatment of early breast cancer: results

@ Springer

30.

31.

32.

33.

34.

35.

36.

of a randomized clinical trial in Lyon. France J Clin Oncol.
1997;15:963-8.

Hoeller U, Tribius S, Kuhlmey A, et al. Increasing the rate of late
toxicity by changing the score? A comparison of RTOG/EORTC
and LENT/SOMA scores. Int J Radiat Oncol Biol Phys. 2003;
55:1013-8.

Hopwood P, Haviland JS, Georges Sumo G, et al. Comparison of
patient-reported breast, arm, and shoulder symptoms and body
image after radiotherapy for early breast cancer: 5-year follow-up
in the randomised Standardisation of Breast Radiotherapy
(START) trials. Lancet Oncol. 2010;11:231-40.

Dische S, Warburton MF, Jones D, et al. The recording of mor-
bidity related to radiotherapy. Radiother Oncol. 1989;16:103-8.
Baker MR, Bader D, Hopewell JW. The effects of single doses of
X rays on the mechanical properties of pig skin in vivo. Br J
Radiol. 1989;62:830-7.

Warszawski A, Rottinger EM, Vogel R, et al. 20 MHz ultrasonic
imaging for quantitative assessment and documentation of early
and late post radiation skin reactions in breast cancer patients.
Radiother Oncol. 1998;47:241-7.

Russell NS, Knaken H, Bruinvis IA, et al. Quantification of
patient to patient variation of skin erythema developing as a
response to radiotherapy. Radiother Oncol. 1994;30:213-21.
Gorodetsky R, Lotan C, Piggot K, et al. Late effects of dose
fractionation on the mechanical properties of breast skin fol-
lowing post-lumpectomy radiotherapy. Int J Radiat Oncol Biol
Phys. 1999:;45:893-900.



	Hypofractionation in post-mastectomy breast cancer patients: seven-year follow-up
	Abstract
	Introduction
	Patients and methods
	Radiotherapy treatment
	Adjuvant systemic treatment
	Follow-up

	Results
	Acute reactions
	Late reactions
	Treatment interruption

	Discussion
	Conclusion
	References


