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Summary

Purpose: To compare ultrasonographic (US) with com-
puterized tomographic (CT) images in order to choose elec-
tron energy for radiotherapy (RT) boost field in patients with 
breast conserving surgery (BCS).

Methods: Thirty-seven consecutive patients with breast 
cancer treated by BCS and RT in our department were evalu-
ated. Median age was 49 years (range 32-82). According to 
the Dokuz Eylul Breast Tumor Group Protocol (DEBTG), in 
patients with BCS, RT (5000 cGy to the whole breast ± lym-
phatic area) and boost with electron energy to the primary 
tumor bed (1000 cGy if surgical margin negative, or 1600 
cGy if surgical margin positive was delivered. Before Jan-
uary 2003, the distances between skin-the deepest point of 
tumor bed (STD), skin-clips (SCD), and skin-fascia (SFD) 
were measured with US to choose electron energy in boost 
field. Since then, CT simulation images were used to this pur-
pose. These two imaging systems were compared in this study. 
Electron energy was selected after measurement of the deep-

est metallic clips in CT simulation images (90%) or measure-
ment of the STD if no clips were present (10%).

Results: Median measurements with US and CT were 
as follows: STD: US 12 mm (range 4-35), CT 28 mm (range 
2-54); SFD: US 25 mm (range 6-57), CT 31 mm (range 2-93); 
SCD: US 14 mm (range 7-26), CT 29 mm (range 2-68). The 
median electron energy was 9 MeV é (range 6-12) for US and 
12 MeV é (range 6-21) for CT. Concordance in US and CT 
measurements was 27%.

Conclusion: This preliminary study reveals that CT-
based SCD measurements are deeper than US measurements, 
and selected electron energy with CT is 3 MeV higher than 
US. These two factors can affect local control and side effects. 
We noticed only one local recurrence in 37 patients. We did 
not evaluate side effects in this study. These could be a sub-
ject of a future study.
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Introduction

Adjuvant RT is the standard treatment in the breast 
cancer after BCS [1-5]. Conventional RT of the breast 
is administered with two rectangular tangential fields. 
Randomized trials show that using additional boost ir-
radiation to the tumor bed reduces the local recurrence 
rates [2,4,5]. There are various techniques of boost ap-
plication, such as interstitial brachytherapy, external 
beam photon or electron RT [6-9]. Precise boost plan-
ning is important in terms of local control and cosmet-
ic outcome. Boost irradiation is most commonly given 
with external electron beams in our department. Meth-

ods for assessing the location and depth of the postoper-
ative cavity include inspection of scar, mammography, 
US, CT and magnetic resonance imaging (MRI). Deter-
mination of the depth of the boost field and choosing the 
right electron energy pose problems. US images have 
been used for definition of the tumor bed in the last 10 
years, however using CT images gains popularity in re-
cent studies [8,10].

In this study, comparison of US with CT images 
to determine boost cavity and to choose electron ener-
gy for boost field in breast cancer patients treated after 
BCS at Dokuz Eylul University, Department of Radia-
tion Oncology, was carried out.

Correspondence to: Dr. Ilknur Bilkay Gorken. Dokuz Eylul University, Medical Faculty, Department of Radiation Oncology, Inciralti, Izmir, Turkey. 
Tel (Cell):+90 505 8749372, Fax:+90 232 2590541, E-mail: ilknur.gorken@deu.edu.tr

Received 16-11-2009; Accepted 15-12-2009

Journal of BUON  15: 500-503, 2010
© 2010 Zerbinis Medical Publications. Printed in Greece

ORIGINAL  ARTICLE



501

gical margin, and 1600 cGy in cases with positive mar-
gins). Before January 2003, the depth of the lumpec-
tomy cavity was defined by US; since then CT simu-
lation images were used for this matter. The depth of 
the radiation boost volume was determined by adding 
0.5 cm to the depth of the deepest clip. STD, SCD, and 
SFD distances were measured by US and CT images 
for all patients. Electron energy was chosen according 
to SCD measurements in cases with clip (Table 2). In 
patients with no clips in the boost area (4/37, 10%) only 
the deepest distance of tumor bed was measured (Table 
3). These two imaging systems were compared for all 
measurements. As the sample size was too small, a sta-
tistical analysis could not be performed.

Results

Local recurrence was noted in only 1 (3%) case. 

Methods

Patient characteristics

Thirty-seven women with breast cancer treated 
with BCS and RT were evaluated. Median age was 49 
years (range 32-82). Twenty-nine (79%) patients had 
their surgery performed at Dokuz Eylül University, De-
partment of General Surgery. The histopathology was 
invasive ductal carcinoma (IDC) in 17 (46%) patients, 
invasive lobular carcinoma (ILC) in 8 (22%), IDC+ILC 
in 8 (22%), and other histologies in 4 (10%) patients. 
Pathologically assessed T stages were as follows: T1 in 
21 (57%) and T2 in 16 (43%) patients. Patient charac-
teristics are shown in Table 1.

Treatment characteristics

All patients were evaluated at the periodic mul-
tidisciplinary meetings of DEBTG, then their treat-
ments were defined according to the DEBTG prospec-
tive protocol. Axillary area was evaluated in all patients 
[axillary dissection in 22 (60%), and sentinel lymph 
node sampling in 13 (35%)], except 2 (5%) elderly (> 
70 years) women. Surgeons placed 3-6 titanium clips 
during lumpectomies to mark the superior, most infe-
rior, medial, lateral and deepest extend of the residual 
cavity. Adjuvant RT was planned using CT simulation, 
and performed with 5000 cGy with Co60 or 6 MVX to 
the whole breast in two tangential fields (±lymphatics). 
Boost dose with electron energy was added to the pri-
mary tumor bed (1000 cGy in cases with negative sur-

Table 1. Patient and tumor characteristics (n= 37)

Characteristics Number of  patients (%)

Clinical T
T1 23 (62)
T2 14 (38)

Clinical N
N0 31 (84)
N1 6 (16)

Pathological T
T1 21 (57)
T2 16 (43)

Pathological N
N0 21 (57)
N1 10 (27)
N2 2 (5)
Others (N3, Nmic, NX) 4 (11)

Histopathology
Invasive ductal carcinoma (IDC) 17 (45)
Invasive lobular carcinoma (ILC) 8 (22)
IDC+ILC 8 (22)
Others 4 (11)

Table 2. SCD measurements and chosen energy with US and CT 
in patients with a clip

Patient SCD (US) Energy SCD (CT) Energy Consistency
No. (mm) (US) (mm) (CT)

 3 17 9 5 9 +
 4 8 9 13 9 +
 5 21 6 16 9 +
 6 9 9 16 9 +
 7 7 6 20 9 –
 8 15 6 20 9 –
 9 28 9 32 9 +
10 18 9 33 9 +
12 10 9 40 9 +
13 18 9 29 9 +
15 14 9 39 12 –
16 10 9 30 12 –
17 16 9 39 12 –
18 13 9 39 12 –
19 10 6 39 12 –
20 26 12 37 12 +
21 22 9 35 12 –
22 24 9 30 12 –
23 25 9 33 12 –
24 15 9 38 12 –
25 25 9 43 12 –
26 24 9 47 15 –
27 29 9 54 15 –
28 24 9 43 12 –
29 25 9 47 15 –
30 23 9 43 15 –
31 28 9 48 15 –
32 42 12 47 15 –
33 30 9 47 15 –
34 27 9 60 18 –
35 26 9 50 18 –
36 26 9 50 18 –
37 21 9 68 21 –

For abbreviations see text
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lymphatic area) and boosted with electron energy to the 
primary tumor bed (1000 cGy if negative surgical mar-
gins, or 1600 cGy if positive surgical margins). Before 
January 2003 US, and that year after CT simulation im-
ages were used to determine the tumor bed depth and 
choose electron energy for the boost field. Both tech-
niques were evaluated for accuracy in several studies. 
In the Goldberg et al. study [11], CT was compared with 
surgical clips in patients for defining the location and 
extend of the tumor bed for RT boost field. The authors 
concluded that the maximal depth of the tumor bed was 
similar in both techniques, although the extent and cen-
ters of the clip- and the CT-determined beds were sig-
nificantly different. In a study by Warszawski et al. 77 
patients underwent 102 sonographic examinations after 
BCS before and after RT. They concluded that sonog-
raphy is a useful and reproducible tool in electron boost 
planning, helping avoid underdosage to the postopera-
tive cavity [12]. In our study, the depth of cavity was 
measured on CT and US images and these two tech-
niques were compared in terms of consistency.

There are difficulties to define and plan the elec-
tron field and energy in patients who have no clips. In 
our study there were 4 (10%) women lacking clips in the 
operation field. In the Ringash et al. study the authors 
discussed that using diagnostic US could improve the 
accuracy if surgical clips were not present [2]. The sur-
gical clips are thought to be very useful tools for boost 
planning in many studies. However, the postoperative 
cavity is sufficiently marked by clips only in a minority 
of cases [3,12,13]. US might be a reliable, simple, and 
effective method in these patients [12]. Sonography 
should be carried out in the treatment position to iden-
tify the depth of the surgical cavity [12,13]. In our study, 
patients without clips in the boost field had the deepest 
distance of tumor bed measured both with US and CT 
to define the electron energy.

These two imaging systems were compared for 
measurements of STD, SCD and the electron energy in 
this study. US and CT consistency was 27% in patients 
with, and 50% in those without clip and a median of 3 
(range 3-12) MeV é higher electron energy was chosen 
with CT in 27 (73%) patients compared to US measure-
ment. In our study, CT-based SCD measurements were 
found to be deeper than US.

In a Ringash et al. study, diagnostic US was com-
pared with orthogonal simulator films for surgical SCD 
to define the localization of the lumpectomy site [2]. 
US was found to be particularly useful for determin-
ing the depth of the excision cavity; in 96% of local-
izations, the deepest clip was within the 80% isodose 
curve. Regine et al. [14] demonstrated the potential 
geographic miss of the postoperative cavity if the di-

One (3%) patient developed distant metastasis without 
local recurrence during follow-up. At the time of analy-
sis all of the patients were alive and under follow up.

Adjuvant RT with 5000 cGy was performed as fol-
lows: 22 (60%) breast, 15 (40%) breast and lymphatic 
area. RT dose was increased to 6000 cGy in boost field 
to the tumor bed with electron energy. Both of US and 
CT were used for choosing electron energy. Median 
STD 12 mm (range 4-35), SFD 25 mm (range 6-57), and 
SCD 14 mm (range 7-26) were found with US. Median 
STD 28 mm (range 2-54), SFD 31 mm (range 2-93), and 
SCD 29 mm (range 2-68) were found according to CT 
measurements. Median electron energy was calculated 
9 MeV é (range 6-12) as to US and 12 MeV é (range 6-
21) as CT measurement. Concordance between US and 
CT was 27% (9/33) in patients with and 50% (2/4) in pa-
tients with a clip (Table 2) and 50% in patients without 
a clip (Table 3). In 27 cases (73%), patients received a 
median of 3 MeV higher electron energy when calcu-
lated by CT rather than US measurements.

Discussion

BCS is equivalent to mastectomy with regard to 
local recurrence and overall survival in women with ear-
ly-stage breast cancer in randomized trials [1,2]. Most 
recurrences in patients with early breast cancer occur in 
the primary tumor bed [3]. An additional radiation boost 
to the tumor bed after whole-breast irradiation has been 
proved to improve the local control rates in the prospec-
tive randomized multicentric EORTC trial [4,5].

The accurate delineation of the primary tumor site 
emerges as the critical parameter for successful preven-
tion of local recurrence. Many techniques have been 
discussed in several studies because of the significance 
of the geographic miss in the actual postoperative cav-
ity. Nowadays surgical clips, US, CT scans and mam-
mography are used alone or combined for the accuracy 
of electron boost planning [8-10].

According to the DEBTG protocol, in patients 
with BCS RT (5000 cGy) was delivered to the breast (± 

Table 3. STD measurements and chosen é energy with US and CT 
in patients without a clip

Patient STD é Energy STD é Energy Consistency
No. (US) (US) (CT) (US)

 1 12 6 11  6 +
 2 20 6 29  9 –
14 33 9 35 12 –
11 27 9 27  9 +

For abbreviations see text
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in localization of breast boost field. Radiother Oncol 2004; 
72: 61-66.
Clarke R, Le MG, Sarazin D et al. Analysis of loco-regional 3. 
relapses in patients with early breast cancer treated by exci-
sion and radiotherapy: experience of the Institut Gustave-
Roussy. Int J Radiat Oncol Biol Phys 1985; 11: 137-145.
Bartelink H, Horiot JC, Poortmans PM et al. Impact of a high-4. 
er radiation dose on local control and survival in breast-con-
serving therapy of early breast cancer: 10-year results of the 
randomized boost versus no boost EORTC 22881-10882 trial. 
J Clin Oncol 2007; 25: 3259-3265.
Schmidt-Ulrich RK, Wazer DE, DePetrillo T et al. Breast 5. 
conservation therapy for early stage breast carcinoma with 
outstanding 10-year locoregional control rates: a case for ag-
gressive therapy to the tumor bearing quadrant. Int J Radiat 
Oncol Biol Phys 1993; 27: 545-552.
Gilligan U, Hedry JA, Yarnold JR. The use of ultrasound to 6. 
measure breast thickness to select electron energies for breast 
boost radiotherapy. Radiother Oncol 1994; 32; 265-267.
Sedlmayer F, Rahim HBK, Kogelnik HD et al. Quality assur-7. 
ance in breast cancer brachytherapy: geographic miss in the 
interstitial boost treatment of tumour bed. Int J Radiat Oncol 
Biol Phys 1996; 34: 1133-1139.
Kovner F, Agay R, Merimsky O, Stadler J, Klausner J, Inbar 8. 
M. Clips and scar as the guidelines for breast radiation boost 
after lumpectomy. Eur J Surg Oncol 1999; 25: 483-486.
Benda RK, Yasuda G, Sethi A, Gabram SG, Hinerman RW, 9. 
Mendenhall NP. Breast boost: are we missing the target? Can-
cer 2003 15; 97: 905-909.
Machtay M, Lanciano R, Hoffman J, Hanks GE. Inaccuracies 10. 
in using the lumpectomy scar for planning electron boosts in 
primary breast carcinoma. Int J Radiat Oncol Biol Phys 1994; 
30: 43-48.
Goldberg H, Prosnitz RG, Olson JA, Marks LB. Definition of 11. 
postlumpectomy tumor bed for radiotherapy boost field plan-
ning: CT versus surgical clips. Int J Radiat Oncol Biol Phys 
2005; 63: 209-213.
Warszawski A, Baumann R, Karstens JH. Sonographic guid-12. 
ance for electron boost planning after breast-conserving sur-
gery. J Clin Ultrasound 2004; 32: 333-337.
Fein DA, Fowble BL, Hanlon AL et al. Does the placement of 13. 
surgical clips within the excision cavity influence local control 
for patients treated with breast-conserving surgery and irradi-
ation? Int J Radiat Oncol Biol Phys 1996; 34: 1009-1017.
Regine WF, Ayyangar KM, Komarnicky LT, Bhandare N, 14. 
Mansfield CM. Computer-CT planning of the electron boost 
in definitive breast irradiation. Int J Radiat Oncol Biol Phys 
1991; 20: 121-125.

rection of the surgical approach is not sufficiently taken 
into account. They placed the patient in the treatment 
position during sonography to simulate gantry angle. In 
our study we also placed the patient in the treatment po-
sition during CT simulation but this positioning could 
not be achieved during US.

Sedlmayer et al. reported that the postoperative 
cavity can be misinterpreted because of the mobility 
and variability of the site, depending on the patients’ po-
sition, particularly in large and adipose breast. The tu-
mor bed depth was determined in a single plan or point, 
based on single US image but the depth of the tumor bed 
from the skin surface varied from slice to slice, so 3-di-
mensional definition of the tumor bed with CT simula-
tion was critical [7]. These three factors could be a rea-
son of inconsistency between CT and US measurements 
in our study. On the other hand, pressure to the breast 
tissue with US probe and cutaneous and subcutaneous 
alterations due to RT could be other components caus-
ing inconsistency. In our study the number of patients 
without clip was too small to make any statement.

Conclusion

This preliminary study reveals that CT-based SCD 
measurements are deeper than US measurements, and 
selected electron energy with CT is 3 MeV higher than 
US. These two factors can affect local control and side 
effects. We noted only one local recurrence in a small pa-
tient population. High electron energy can increase early 
and late side effects. We did not evaluate side effects in 
this study. This could be a subject of a future study.
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