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Abstract
Purpose: To assess and compare the potential dosimetric advantages and
drawbacks of photon beams and electron beams as a boost for the tumor bed in
superficial and deep seated early-stage breast cancer.
Materials and methods: planning CTs of 10 women with early breast cancer
underwent breast conservative surgery were selected. Tumor bed was defined
as superficial and deep with a cut of point 4 cm, those with less than 4 cm were
defined as superficial tumors representing 4 patients and those with depth of 4 cm
or more were classified as deep tumors representing 6 patients. The clinical target
volume (CTV) was defined as the area of architectural distortion surrounded by
surgical clips. The planning target volume (PTV) was the CTV plus margin 1
cm. a dose of 10 Gy in 2 Gy fractions was given concurrently at the last week
of treatment. Organs at risk (OARs) were heart, lungs, contra-lateral breast and
a 5-mm thick skin segment of the breast surface. Dose volume histograms were
defined to quantify the quality of concurrent treatment plans assessing target
coverage and sparing OARs. The following treatment techniques were assessed:
photon beam with 3D-conformal technique and a single electron beam.
Results: for superficial tumors better coverage for CTV and PTV with good
homogeneity with better CI was found for the 3DCRT but with no significant
planning objectives over electron beam. For deep tumors, the 3DCRT met the
planning objectives for CTV, PTV with better coverage and fewer hot spots with
better homogeneity and CI. For superficial tumors, OARs were spared by both
techniques with better sparing for the electron beam where as for deep tumors
also OARs were well spared by both techniques.
Conclusion: boosting the tumor bed in early-stage breast cancer with optimized
photon may be preferred to electron beam for both superficial and deep tumors.
The OARs dose sparing effect may allow for a potential long-term toxicity risk
reduction and better cosmesis.

Introduction

[1,2] but in addition breast-conserving therapy offers an obvious cosmetic
advantage that may enhance quality of life and lead to less psychological and
emotional treatment-related distress [3].
The rationale for boosting the tumor bed is based on the hypothesis that higher
local control rates may be achieved if a higher dose of radiation is administered
to the region of the breast bearing the greatest tumor burden [4]. Although the
use of a tumor bed boost (10–20 Gy, depending on tumor size and surgical
margins) is routine practice, there is no standard treatment delivery technique.
Some authors recommend the use of interstitial implants but most studies report
the use of electron beams (EBs) to boost the tumor bed [5,6]. Most frequently,
single 9–12 MeV EB with 2–3 cm margin around the estimated tumor bed is
used. Such energy range helps to adequately treat shallow targets inside the
breast. Deep-seated tumors, however, may not adequately be treated with EB,
though contemporary highly conformal photon beam techniques may be able to
reduce the dose inhomogeneity within the target while optimally decreasing the
dose to the surrounding non-target tissues.
The present study aimed to assess the potential dosimetric advantages and
drawbacks of the following treatment techniques:
Conventional approaches with conformal fields with photons (3DC) or also
single field EB techniques for superficial and deeply seated tumors with a cutoff
point 4 cm between superficially and deeply seated tumors.

Methods and Materials
This study included ten patients (age range 30–60, median 45 years) who had
received conservative surgery for early-stage unilateral breast cancer (six rightsided and 4 left-sided tumors). Distal tumor margins were located at different
depths between 2.4 to 6.4 cm below the breast surface (i.e., deep-seated tumors)
in all patients with cutoff point was taken to be 4 cm to differentiate between
superficially and deeply seated tumors. Tumor and target characteristics are
summarized in Table 1.

Breast-conserving surgery followed by whole breast radiation therapy (WBRT)
and a boost to the tumor bed is the treatment of choice for most patients with
stages I–II breast cancer. Not only are disease-free and overall survival rates
after such treatment comparable with those of patients treated by mastectomy
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Table 1: Tumor characteristics of the 10 patients included in this study:
Characteristics

.No

Tumor site
Left breast
Right breast
For Tumors located at a distance < 4 cm

4
6

Proximal depth tumor (cm)
Mean
Std dev.

0.5
+/- 0.5

Distal depth tumor (cm)
Mean
Std dev
For Tumors located at a distance > 4 cm

3.6
+/- 0.4

Proximal depth tumor (cm)
Mean
Std dev.

1.4
+/- 1.1

Seeds implanted around the resection cavity by the surgeon or defined by
the tumor cavity. To account for treatment set-up uncertainties and breathing
motion the boost planning treatment volume (PTV) was defined as a 1.0-cm
expansion of the CTV. The prescribed dose was 10 Gy in five daily fractions
given concomitant at the last week of treatment.
All patients were panned by 2 techniques: 3D-conformal fields and electron
beam with calculating the dose to the CTV, PTV and organ at risk.

3D-conformal static fields
Multiple static fields ( 2 to 4 fields ) were used with a similar beam arrangement
as in the conformal plans with simple field conformation to the PTV. All static
fields included an enhanced dynamic wedge (EDW). Plans were calculated with
the pencil beam algorithm based on the work by Sturchi et al. [7, 8].

Electron beams

Distal depth tumor (cm)
Mean
Std dev
For Tumors located at a distance < 4 cm

6.4
+/- 1.5

CTV (cc)
Mean
Std dev
For Tumors located at a distance > 4 cm

19.8
+/- 9.1

CTV (cc)
Mean
Std dev
For Tumors located at a distance < 4 cm

64.96
+/- 41.8

PTV (cc)
Mean
Std dev
For Tumors located at a distance > 4 cm

45.9
+/- 5.3

PTV (cc)
Mean
Std dev

The boost was planned with a single conformal portal. The beam energy was
selected in order to comply with the dosimetric goal mentioned above. The entry
angle was selected so that the entrance surface was approximately perpendicular

to the beam central axis Seven patients were planned with 12 MeV electron
beam and three with 16MeV, respectively. The dose distribution was computed
with the Generalized Gaussian Pencil Beam model [9, 10].

142.1
+/- 87

Std dev, standard deviation; CTV, clinical target volume; PTV, planning target
volume
The planning CT of the breast region in a free-breathing setting was performed
postoperatively with the patient in treatment position (i.e., patient on a breast
board, lying supine, and with the ipsi-lateral arm above the head), radiopaque
contrast material was placed at the superior, inferior, medial and lateral limits of
the clinically palpable breast tissue, cuts were taken using a Semins Tomoscan
AV Helical CT scanner. CT images were acquired in 5 mm slice intervals from
the mandible through the lung bases. The anatomic information from the CT
scan was used to define the target volume and normal structures at risk.
The following organs at risk (OARs) were outlined: ipsi-lateral and contralateral breasts and lungs, heart, and the skin covering the ipsi-lateral breast (a
5-mm thick segment on the breast surface). In all cases surgical clips were placed
by the surgeon (IR) surrounding the tumor cavity at the time of lumpectomy.
All patients were first treated with 6 MV photon beams to the entire breast with
two tangential fields. A total dose of 50 Gy in 25 daily fractions during 5 weeks
was delivered. The boost clinical target volume (CTV) was defined as the area of
architectural distortion inside the breast (i.e., tumor bed) surrounded by metallic
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Fig 1: After image registration, two volumes are contoured: the CTV around
the area of architecture distortion (red) and the PTV by extending the CTV by
1 cm (green).

Tools for analysis
Quantitative evaluation of plans was performed by means of standard Dose–
Volume Histogram (DVH). For PTV and CTV, the values of D 99% and D
1% (dose received by 99%, and 1% of the volume) were deﬁned as metrics
for minimum and maximum doses and consequently reported. To complement
the appraisal of minimum and maximum dose, V95%, V107% (the volume
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receiving at least 95% or at most 107% of the prescribed dose) were reported.
The inhomogeneity of the treatment was expressed in terms of D5%–D 95%.
The conformity of the plans was measured with a conformity index, (CI : ratio
between the volume receiving at least 95% of the prescribed dose and the
volume of the PTV).
For OARs, the analysis included the mean dose, the maximum dose expressed a
s D 1% and a set of appropriate V X and D Y values.
Average cumulative DVH for PTV, OARs and healthy tissue was built from the
individual DVHs.

Results
Dose distribution are displayed for one patient for superficial tumor with axial
views, average DVH plot for the CTV, PTV, OAR and healthy tissue as shown
in fig. 2, 3, 4
Fig 4: DVH including CTV, PTV, OAR for superficial tumors
The same was done for one of the patients with deep tumor where figures 5,6,7
showed dose distribution, average DVH plots for the CTV, PTV, OAR and
healthy tissues.

Fig 2: Dose distribution of 3DCRT for superficial tumors

Fig 5: Dose distribution of 3DCRT for deep tumors

Fig 3: Dose distribution of electron beam for superficial tumors
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V107%(%)

0.6 ± 0.7

1.1 ± 1.6

PTV

45.9 ± 5.3

45.9 ± 13.3

Mean(Gy)

10.2 ± 0.1

9.9 ± 0.2

D1% (Gy)

10.7 ± 0

10.8 ± 0.1

D5-95%(Gy)

1.2 ± 0.2

1.1 ± 0.1

D99%(Gy)

9.1 ± 0.1

9 ± 0.2

V95%(%)

95.9 ± 0.8

84.3 ± 13.1

V107%(%)

1 ± 0.3

0.8 ± 0.7

CI 95%

1.4 ± 0.4

2.1 ± 0.9

CTV, clinical target volume; PTV, planning target volume;, 3D-conformal
treatment. Dx %, dose received by the x % o f the volume; Vx%, volume receiving
at least x% o f the prescribed dose; CI, ratio between the patient volume receiving
at least 95% of the prescribed dose and the volume of the total PTV.

Fig 6: Dose distribution of electron beam for deep tumors

No specific planning objectives were imposed in CTV for superficial tumors
except coverage and homogeneity in 3DCRT technique was better than that for
electron beam.
Also no specific planning objectives were imposed in PTV of superficial tumors,
except better coverage with V95% for the 3DCRT in range of 95.1%- 96.7%, in
comparison with electron beam that showed V95 between 84.3-85.2.
Regarding the conformity index (CI), it was much better for the 3DCRT than
for electron beam.
Table 3: shows DVH analysis for CTV and PTV for deep tumors
Table 3 summary of DVH analysis for CTV,PTV for Deep tumors > 4 cm

Fig 4: DVH including CTV, PTV, OAR for deep tumors
Data are represented as average over 4 patients with superficial tumors and
for 6 patients with deep tumors, errors indicated inter-patient variability at one
standard deviation level.
Table 2: shows DVH analysis for CTV and PTV for superficial tumors
Table 2 summary of DVH analysis for CTV,PTV for superficial tumors < 4 cm
Mean ± SD (3DC)

Mean ± SD (Electron)

CTV

19.8 ± 9.1

19.8 ± 9.1

Mean (Gy)

10.3 ± 0.1

10 ± 0.2

D1% (Gy)

10.7 ± 0.1

10.6 ± 0.1

D5-95%(Gy)

0.5 ± 0.2

0.9 ± 0.1

D99%(Gy)

9.4 ± 0.5

9.5 ± 0.2

V95%(%)

99.5 ± 1.4

93.1 ± 6.9
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Mean ± SD (3DC)

Mean ± SD (Electron)

CTV

64.96 ± 41.8

65 ± 41.8

Mean (Gy)

10.04 ± 0.2

9.8 ± 0.6

D1% (Gy)

10.4 ± 0.2

10.9 ± 0.4

D5-95%(Gy)

0.5 ± 0.1

2.3 ± 1

D99%(Gy)

9.6 ± 0.3

7.8 ± 1.6

V95%(%)

98.9 ± 1.5

76.3 ± 24.8

V107%(%)

0.6 ± 1.4

3.1 ± 3.7

PTV

142.1 ± 87

129.8 ± 68.2

Mean(Gy)

9.9 ± 0.2

9.6 ± 0.7

D1% (Gy)

10.4 ± 0.2

10.8 ± 0.3

D95/D5%

0.9 ± 0

0.7 ± 0.2

D99%(Gy)

8.9 ± 0.4

7.2 ± 1.9

V95%(%)

89.6 ± 7.3

70.5 ± 23

V107%(%)

0.4 ± 0.9

2.8 ± 3.2

CI 95%

1.4 ± 0.4

1.8 ± 0.2

CTV, clinical target volume; PTV, planning target volume;, 3D-conformal
treatment. Dx %, dose received by the x % o f the volume; Vx%, volume receiving
at least x% o f the prescribed dose; CI, ratio between the patient volume receiving
at least 95% of the prescribed dose and the volume of the total PTV.
The 3DCRT met the planning objectives for CTV, PTV with better coverage and
fewer hot spots with better homogeneity and CI.
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Table 4: shows DVH analysis for organs at risk including healthy tissues for
superficial tumors.
Table 4 summary of DVH analysis for organs at risk ( including healthy
tissue ) for superficial Tumors < 4 cm
superficial

Mean ± SD (3DC)

Mean ± SD (Electron)

Healthy tissue

12949.3 ± 2466.9

12949.3 ± 2181.3

Mean(Gy)

0.05 ± 0

0.05 ± 0

V5%(Gy)

0.2 ± 0.1

0.2 ± 0.2

Doselnt

0.6 ± 0.3

0.7 ± 0.6

Contra-lateral lung

1160.5 ± 28.2

1160.5 ± 228.4

Mean(Gy)

0.1 ± 0

0±0

D1% (Gy)

0.9 ± 0

0.1 ± 0.1

V3Gy(%)

0.5 ± 0

0±0

Contra-lateral breast

571.5 ± 143.3

571.5 ± 283.5

Mean(Gy)

0.2 ± 0

0±0

D1% (Gy)

0.7 ± 0.1

0±0

V3Gy(%)

0±0

0±0

Ipsi-lateral lung

1241.2 ± 61

1241.2 ± 164.2

Mean(Gy)

0.2 ± 0

0.6 ± 0.4

D1% (Gy)

1.9 ± 0.1

6 ± 2.1

V3Gy(%)

1.5 ± 0

5.3 ± 4.6

V10Gy(%)

0±0

0 ± 0.1

Ipsi-lateral breast

853.6 ± 173.4

853.6 ± 383.4

Mean(Gy)

2.5 ± 0.2

1.7 ± 0.5

D1% (Gy)

10.5 ± 0

10.3 ± 0.1

V3Gy(%)

29.7 ± 2.8

19.9 ± 5.7

V10Gy(%)

6.6 ± 0.3

3.4 ± 0.9

Heart

490.8 ± 24.6

490.8 ± 107.3

Mean(Gy)

0.05 ± 0

0.1 ± 0.1

D1% (Gy)

0.7 ± 0

0.9 ± 0.9

V5Gy(%)

0±0

0±0

Skin
(Upr) Mean

6.8 ± 0.8

8.9 ± 0.5

(Med) Mean

7.1 ± 0.5

8.7 ± 0.3

(Lwr) Mean

7 ± 0.8

8.8 ± 0.3

DoseInt, integral dose, [Gy cm 10 5 ] Dx%, dose received by the x % o f the
volume; Vx%, volume receiving at least x Gy of the prescribed dose.
There is significant differences were observed for the dose to ipsilateral breast
according to the treatment technique whether 3DCRT or electron beam, where
the V10 Gy and V3 Gy were in favor of the electron beam.
Better sparing of both contralateral lung and contralateral breast was achieved
with electron beam technique.
The mean dose of ipsilateral lung ranged from 2% of the prescribed dose for
3DCRT technique and 6% for the electron beam.
The mean dose to the heart and maximum dose (D1) is worse with electron beam
technique than 3DCRT.
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No specific planning objectives regarding skin sparing between both 3DCRT and
electron techniques as both showed decrease in sparing of the skin with minimal
advantage to 3DCRT over electron beam.
Regarding the integral dose to the healthy tissue, both 3CTR and electron beam
showed comparable results particularly in the lowest volume irradiated to mean
low dose V5 Gy.
Table 5 showed summary of DVH analysis to organ at risk for deep tumors
Table 5 summary of DVH analysis for organs at risk ( including healthy
tissue ) for deep tumors > 4 cm
Deep

Mean ± SD (3DC)

Mean ± SD (Electron)

Healthy tissue

23069.7 ± 4053.5

20822.1 ± 6592.1

Mean(Gy)

0.1 ± 0.1

0.1 ± 0.1

V5%(Gy)

0.3 ± 0.2

0.3 ± 0.3

Doselnt

2 ± 2.3

1.7 ± 0.9

Contra-lateral lung

1182.4 ± 118.8

1181.1 ± 118.9

Mean(Gy)

0.1 ± 0.4

0.1 ± 0.1

D1% (Gy)

0.4 ± 1

0.5 ± 0.2

V3Gy(%)

0±0

0±0

Contra-lateral breast

1344.2 ± 328.5

1344.2 ± 328.5

Mean(Gy)

0.2 ± 0.4

0±0

D1% (Gy)

0.4 ± 0.8

0±0

V3Gy(%)

0±0

0±0

Ipsi-lateral lung

1242.1 ± 225

1242.1 ± 225

Mean(Gy)

0.4 ± 0.6

1 ± 0.8

D1% (Gy)

2.2 ± 2.2

4.5 ± 3

V3Gy(%)

5.3 ± 12.2

10.3 ± 10.7

V10Gy(%)

0±0

0±0

Ipsi-lateral breast

1479.5 ± 811.4

1479.4 ± 811.2

Mean(Gy)

3.1 ± 1.1

2.4 ± 0.9

D1% (Gy)

10.3 ± 0.3

10.5 ± 0.1

V3Gy(%)

35.4 ± 11.6

26.8 ± 9.6

V10Gy(%)

8.2 ± 7.3

7.5 ± 4.1

Heart

613 ± 152.5

613 ± 152.5

Mean(Gy)

0.3 ± 0.7

0.3 ± 0.3

D1% (Gy)

0.8 ± 1.4

1.3 ± 1.1

V5Gy(%)

0±0

0±0

(Upr) Mean

6.3 ± 1.5

9.6 ± 0.3

(Med) Mean

6.3 ± 1.3

9.6 ± 0.2

(Lwr) Mean

5.9 ± 1.4

9.6 ± 0.3

Skin

DoseInt, integral dose, [Gy cm 10 5 ] Dx%, dose received by the x % o f the
volume; Vx%, volume receiving at least xGy of the prescribed dose.
There is significant differences were observed for the dose to ipsilateral breast
according to the treatment technique whether 3DCRT or electron beam, where
the V10 Gy and V3 Gy were in favor of the electron beam.
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There is no difference in sparing the contra-lateral lung in both techniques with
minimal difference regarding contra-lateral breast in favor of electron beam.
For the ipsilateral lung the dose received by electron beam was higher for the
electron beam than for 3DCRT.
The mean dose to the heart is the same in comparing 3DCRT and electron beam
for deep tumors; however the maximum dose (D1%) was higher for the electron
beam.
Significant difference was observed for the skin dose that showed better skin
sparing for 3DCRT than for electron beam.
Regarding the integral dose to the healthy tissue, both 3CTR and electron beam
showed comparable results particularly in the lowest volume irradiated to mean
low dose V5 Gy.

Discussion
The present study addressed a comparative analysis of two techniques with
photons and electrons to irradiate the tumor bed after surgery for superficial
and deep-seated early-stage breast cancer patients with a cutoff point of 4 cm
between superficial and deeply seated tumors. The rationale for this investigation
was to search for proper coverage of the tumor bed for superficial and deeply
seated tumors as well as studying the side effects for normal tissue for both
photon and electron beam.
Concerning electrons, the study design required the same dose prescription

deﬁnition to that applied to the photon technique. This is different from the
usual prescription deﬁnition for electrons deﬁned by the 100% or 90% as a
minimum dose within the PTV. The strategy of applying the same prescription
to all techniques is necessary to perform an appropriate quantitative comparison
between competing treatments and is standard in planning investigations.
Single portal 9–12 MeV EB, with a 2–3 cm safety margin around the tumor
bed has several limitations. Indeed, high EB energies are required to optimally
cover deep-seated PTVs while overdosing the skin, the heart, the breast, and the
underlying lung. However, in the EORTC Trial 22881–10882 the 10-year risk
of severe ﬁbrosis in the tumor bed region increased signiﬁcantly with higher EB
energies. [11,12].
Therefore, only superﬁcial tumors may be optimally treated with EB.
Furthermore, it has been suggested that clinical delineation of the target volume
based only on the surgical scar may frequently miss the target, thereby impairing
local control [13]. Fiducial markers placed around the lumpectomy cavity can be
easily identiﬁed with imaging techniques such as CT, thus helping to optimize

treatment planning and dosimetry with potentially better local control and
cosmetic results [14].
In our study the CTV was deﬁned as the area of architectural distortion inside the
breast surrounded by surgical clips around the resection cavity, and thereafter a
1.0-cm expansion was used for PTV deﬁnition, similar to the method described
by Kirova et al. [15].
For superficial tumors, PTV coverage was much better also for the 3DCRT but
the V107% was higher than that for the electron beam, with better homogeneity
and CI for the 3DCRT. This is not going by what is traditionally done in many
centers where electron beam is considered to be standard for boosting superficial
tumors less than 4 cm, as in the present study showed that PTV coverage is better
for 3DCRT by photon.
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In our study also, for deep tumors > 4 cm, coverage of both the CTV and PTV
was much better by the 3DCRT than the electron beam with V95% > 95% for
the CTV and about 90% for the PTV, where as the dose homogeneity was better
for 3DCRT that( than) for the electron beam, the V107% was much lower for
the 3DCRT than for electron beam. This is coinciding with what was reported
by José et al [16]. where the PTV coverage was better for 3DCRT than that of
electron beam.
In addition to radiation-induced pneumonitis, worsening of preexisting
cardiovascular lesions leading to death has been reported after radiation
therapy for early-stage breast cancer, especially in women with left-sided and
inner quadrant breast tumors [17–19]. The present study none of the patients
developed lung or cardiac complications as the dose for both of them was very
low by both techniques

Conclusion
From the present study, we can conclude that tumor bed breast cancer at a
distance less than 4 cm can be irradiated either by photon or electron, where as
deeply seated tumors which are found at a distance more than 4 cm are better
to be irradiated by photon as it provides better coverage with sparing of ORAs
(OARs).

References
1.

2.

3.
4.

5.

6.

7.

8.
9.

Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a randomized
trial comparing total mastectomy, lumpectomy, and lumpectomy plus
irradiation for the treatment of invasive breast cancer. N Engl J Med
2002;347:1233–41.
Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-up of
a randomized study comparing breast conserving surgery with radical
mastectomy for early breast cancer. N Engl Med 2002;347:1227–32.
Lee MS, Love SB, Mitchell JB, et al. Mastectomy or conservation for early
breast cancer: psychological morbidity. Eur J Cancer 1992;28A:1340–4.
Holland R, Veling SH, Mravunac M, Hendriks JH. Histologic multifocality
of Tis, T1-2 breast carcinomas: implications for clinical trials on breast
conserving surgery. Cancer 1985;56:979–91.
Van der Laan HP, Hurkmans C, Kuten A, et al. Current technological clinical
in breast radiotherapy; results of a survey in EORTC-Radiation Oncology
Group affiliated institutions. Radiother Oncol 2010;94:280–5.
Pierce LJ, Moughan J, White J, et al. 1998–1999. Patterns of Care Study
process survey of national practice patters using breast-conserving surgery
and radiotherapy in the management of stages I–II breast cancer. Int J Radiat
Oncol Biol Phys 2005; 62:183–92.
Storchi P, Woudstra E. Calculation of the absorbed dose distribution due to
irregularly shaped photon beams using pencil-beams kernels derived form
basic beam data. Phys Med Biol 1996;41:637–56.
Storchi P, van Battum LJ, Woudstra E. Calculation of a pencil-beam kernel
from measured photon beam data. Phys Med Biol 1999;44:2917–28.
Hyödynmaa S. Electron beam dose computation using generalized Gaussian
pencil beam algorithm with 3-D inhomogeneity correction and arbitrary
ﬁelds shapes. In: Proceedings of the tenth international conference on the
use of computers in radiation therapy, Manchester; 1994. p. 65–6.

                     Pan Arab Journal of Oncology  |  vol 5; issue 3  | September 2012 < 23

original article <
10. Lax I. Development of a generalized Gaussian model for absorbed dose
calculation and dose planning in therapeutic electron beams, Ph.D. Thesis,
Stockholm University, 58p + app., Stockholm; 1986.
11. Bartelink H, Horiot JC, Poortmans P, et al. Impact of a higher radiation dose
on local control and survival in breast-conserving therapy of early breast
cancer: 10 year results of the randomized boost versus no boost EORTC
22881–10882 trial. J Clin Oncol 2007;25:3259–65.
12. Collette S, Collette L, Budiharto T, et al. Predictors of increased risk of
breast ﬁbrosis at 10 years with higher radiation dose in the early breast
cancer EORTC Boost versus no boost trial 22881–10882. Eur J Cancer
2007;5:192 [abstract 2027].
13. Benda RK, Yasuda G, Sethi A, et al. Breast boost: are we missing the target?
Cancer 2003; 97:905–9.
14. Bedwinek J. Breast-conserving surgery and irradiation: the importance of
demarcating the excision cavity with surgical clips. Int J Radiat Oncol Biol
Phys 1993;26:675–9.
15. Kirova YM, Fournier-Bidoz N, Servois V, et al. How to boost the breast
tumor bed? A multidisciplinary approach in eight steps. Int J Radiat Oncol
Biol Phys 2008;72:494–500.

16. José I. Toscas, Dolors Linero, Isabel Rubio et al. Boosting the tumor bed
from deep-seated tumors in early-stage breast cancer: A planning study
between electron, photon, and proton beams. Radiotherapy and Oncology
96 (2010) 192–198.
17. Evans E, Prosnitz RG, Yu X, et al. Impact of patient-speciﬁc factors,
irradiated left ventricular volume, and treatment set-up errors on the
development of myocardia perfusion defects after radiation therapy for leftsided breast cancer. Int J Radiat Oncol Biol Phys 2006;66:1125–34.
18. Bouchardy C, Rapiti E, Usel M, et al. Excess of cardiovascular mortality
among node-negative breast cancer patients treated for inner quadrant
tumors. Ann Oncol 2010;21:459–65.
19. Paszat LF, Vallis KA, Benk VM, et al. A population-based case–cohort study
of the risk of myocardial infarction following radiation therapy for breast
cancer. Radiother Oncol 2007;82:294–300.

24 > Pan Arab Journal of Oncology  |  vol 5; issue 3  |  September 2012

                  www.amaac.org

